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 Situation Summary 
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FISHERY MANAGEMENT PLAN AMENDMENT 16 – ANNUAL CATCH  LIMITS 
AND ACCOUNTABILITY MEASURES 

 
The reauthorization of the Magnuson-Stevens Act (MSA) in 2006 established new requirements 
to end and prevent overfishing through the use of annual catch limits (ACLs) and accountability 
measures (AMs).  The reauthorization also contained new requirements for the Scientific and 
Statistical Committee (SSC) to recommend acceptable biological catch (ABC) levels to the 
Council that account for scientific uncertainty.  Federal fishery management plans (FMPs) must 
establish mechanisms for ACLs and AMs by 2010 for stocks subject to overfishing and by 2011 
for all others, with the exception of stocks managed under an international agreement or stocks 
with a life cycle of approximately one year.  On January 16, 2009, National Marine Fisheries 
Service published amended guidelines for National Standard 1 (NS-1) to provide guidance on 
how to comply with new provisions of the MSA (Agenda Item G.1.a, Attachment 1).   
 
At its March 2009 meeting, the Council identified several issues to be considered in the 
amendment process including: stock exceptions, updated conservation objectives, stock 
classification, status determination criteria, scientific and management uncertainty, 
accountability measures, how to account for state/tribal fisheries, and de minimis fishery 
provisions.  The Council also adopted the following tentative schedule for completing the 
Salmon FMP amendment in time for the 2011 management season.   

Stage Date 
NS-1 Guidelines Final Rule January 2009 
Council initiates FMP amendment, and provides initial guidance on scoping 
issues. 

March 2009 

Council Appoints ad-hoc salmon plan amendment committee June 2009 
Formal scoping of issues, initial development of alternatives, and 
determination of NEPA analysis (EIS or EA) 

September 2009 

Adopt alternatives for public review, including preliminary preferred 
alternatives, if possible 

April 2010 

Final Council action September 2010 
Secretarial approval January 2011 
Changes in existing fishing regulations May 1, 2011 

 
The ad hoc salmon amendment committee (SAC) met August 4-5 to further scope amendment 
issues and begin the process of developing alternatives for issues already identified (Agenda 
Item G.1.b, SAC Report). 
 
Council Task: 
 
1. Complete the scoping process by identifying all issues to be addressed in Salmon FMP 

Amendment 16. 
2. Provide guidance on the range of alternatives to be considered for issues identified. 
3. Discuss the schedule for amending the Salmon FMP. 
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Reference Materials: 
 
1 Agenda Item G.1.a, Attachment 1: National Standard 1 Guidelines 
2. Agenda Item G.1.b, SAC Report:  Report of the Salmon Amendment Committee – Overview 

of Scoping Considerations for Salmon Fishery Management Plan Amendment 16. 
 
 
Agenda Order: 
 
a. Agenda Item Overview Chuck Tracy 
b. Reports and Comments of Management Entities and Advisory Bodies 
c. Public Comment 
d. Council Action:  Complete Scoping of Issues and Provide Guidance  

on Preliminary Alternatives 
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08/26/09 
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Agenda Item G.1.a 
Attachment 1 

September 2009 
 
§ 600.310 National Standard 1—Optimum Yield.  

(a) Standard 1. Conservation and management measures shall prevent overfishing while achieving, on a continuing basis, the optimum yield (OY) 
from each fishery for the U.S. fishing industry.  

(b) General. 
 (1) The guidelines set forth in this section describe fishery management approaches to meet the objectives of National Standard 1 (NS1), and 

include guidance on:  
(i) Specifying maximum sustainable yield (MSY) and OY;  
(ii) Specifying status determination criteria (SDC) so that overfishing and overfished determinations can be made for stocks and 

stock complexes that are part of a fishery;  
(iii) Preventing overfishing and achieving OY, incorporation of scientific and management uncertainty in control rules, and 

adaptive management using annual catch limits (ACL) and measures to ensure accountability (AM); and  
(iv) Rebuilding stocks and stock complexes.  

(2) Overview of Magnuson-Stevens Act concepts and provisions related to NS1 
(i) MSY. The Magnuson-Stevens Act establishes MSY as the basis for fishery management and requires that: The fishing mortality 

rate does not jeopardize the capacity of a stock or stock complex to produce MSY; the abundance of an overfished stock or 
stock complex be rebuilt to a level that is capable of producing MSY; and OY not exceed MSY.  

(ii) OY. The determination of OY is a decisional mechanism for resolving the Magnuson-Stevens Act’s conservation and 
management objectives, achieving a fishery management plan’s (FMP) objectives, and balancing the various interests that 
comprise the greatest overall benefits to the Nation. OY is based on MSY as reduced under paragraphs (e)(3)(iii) and (iv) of 
this section. The most important limitation on the specification of OY is that the choice of OY and the conservation and 
management measures proposed to achieve it must prevent overfishing.  

(iii) ACLs and AMs. Any FMP which is prepared by any Council shall establish a mechanism for specifying ACLs in the FMP 
(including a multiyear plan), implementing regulations, or annual specifications, at a level such that overfishing does not 
occur in the fishery, including measures to ensure accountability (Magnuson-Stevens Act section 303(a)(15)). Subject to 
certain exceptions and circumstances described in paragraph (h) of this section, this requirement takes effect in fishing year 
2010, for fisheries determined subject to overfishing, and in fishing year 2011, for all other fisheries (Magnuson-Stevens Act 
section 303 note). ‘‘Council’’ includes the Regional Fishery Management Councils and the Secretary of Commerce, as 
appropriate (see § 600.305(c)(11)).  

(iv) Reference points. SDC, MSY, acceptable biological catch (ABC), and ACL, which are described further in paragraphs (e) and 
(f) of this section, are collectively referred to as ‘‘reference points.’’  

(v) Scientific advice. The Magnuson-Stevens Act has requirements regarding scientific and statistical committees (SSC) of the 
Regional Fishery Management Councils, including but not limited to, the following provisions:  

(A) Each Regional Fishery Management Council shall establish an SSC as described in section 302(g)(1)(A) of the 
Magnuson-Stevens Act.  

(B) Each SSC shall provide its Regional Fishery Management Council recommendations for ABC as well as other 
scientific advice, as described in Magnuson-Stevens Act section 302(g)(1)(B).  

(C) The Secretary and each Regional Fishery Management Council may establish a peer review process for that Council 
for scientific information used to advise the Council about the conservation and management of a fishery (see 
Magnuson-Stevens Act section 302(g)(1)(E)). If a peer review process is established, it should investigate the 
technical merits of stock assessments and other scientific information used by the SSC or agency or international 
scientists, as appropriate. For Regional Fishery Management Councils, the peer review process is not a substitute 
for the SSC and should work in conjunction with the SSC. For the Secretary, which does not have an SSC, the peer 
review process should provide the scientific information necessary.  

(D) Each Council shall develop ACLs for each of its managed fisheries that may not exceed the ‘‘fishing level 
recommendations’’ of its SSC or peer review process (Magnuson-Stevens Act section 302(h)(6)). The SSC 
recommendation that is the most relevant to ACLs is ABC, as both ACL and ABC are levels of annual catch.  

(3) Approach for setting limits and accountability measures, including targets, for consistency with NS1. In general, when specifying limits 
and accountability measures intended to avoid overfishing and achieve sustainable fisheries, Councils must take an approach that 
considers uncertainty in scientific information and management control of the fishery. These guidelines describe how to address 
uncertainty such that there is a low risk that limits are exceeded as described in paragraphs (f)(4) and (f)(6) of this section.  

(c) Summary of items to include in FMPs related to NS1. This section provides a summary of items that Councils must include in their FMPs and FMP 
amendments in order to address ACL, AM, and other aspects of the NS1 guidelines. As described in further detail in paragraph (d) of this section, 
Councils may review their FMPs to decide if all stocks are ‘‘in the fishery’’ or whether some fit the category of ‘‘ecosystem component 
species.’’ Councils must also describe fisheries data for the stocks, stock complexes, and ecosystem component species in their FMPs, or 
associated public documents such as Stock Assessment and Fishery Evaluation (SAFE) Reports. For all stocks and stock complexes that are ‘‘in 
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the fishery’’ (see paragraph (d)(2) of this section), the Councils must evaluate and describe the following items in their FMPs and amend the 
FMPs, if necessary, to align their management objectives to end or prevent overfishing:  

(1) MSY and SDC (see paragraphs (e)(1) and (2) of this section).  
(2) OY at the stock, stock complex, or fishery level and provide the OY specification analysis (see paragraph (e)(3) of this section).  
(3) ABC control rule (see paragraph (f)(4) of this section).  
(4) Mechanisms for specifying ACLs and possible sector-specific ACLs in relationship to the ABC (see paragraphs (f)(5) and (h) of this 

section).  
(5) AMs (see paragraphs (g) and (h)(1) of this section).  
(6) Stocks and stock complexes that have statutory exceptions from ACLs (see paragraph (h)(2) of this section) or which fall under limited 

circumstances which require different approaches to meet the ACL requirements (see paragraph (h)(3) of this section).  
(d) Classifying stocks in an FMP 

(1) Introduction. Magnuson-Stevens Act section 303(a)(2) requires that an FMP contain, among other things, a description of the species of 
fish involved in the fishery. The relevant Council determines which specific target stocks and/or non-target stocks to include in a 
fishery. This section provides that a Council may, but is not required to, use an ‘‘ecosystem component (EC)’’ species classification. 
As a default, all stocks in an FMP are considered to be ‘‘in the fishery,’’ unless they are identified as EC species (see § 600.310(d)(5)) 
through an FMP amendment process.  

(2) Stocks in a fishery. Stocks in a fishery may be grouped into stock complexes, as appropriate. Requirements for reference points and 
management measures for these stocks are described throughout these guidelines.  

(3) ‘‘Target stocks’’ are stocks that fishers seek to catch for sale or personal use, including ‘‘economic discards’’ as defined under 
Magnuson-Stevens Act section 3(9).  

(4) ‘‘Non-target species’’ and ‘‘non-target stocks’’ are fish caught incidentally during the pursuit of target stocks in a fishery, including 
‘‘regulatory discards’’ as defined under Magnuson-Stevens Act section 3(38). They may or may not be retained for sale or personal 
use. Non-target species may be included in a fishery and, if so, they should be identified at the stock level. Some non-target species 
may be identified in an FMP as ecosystem component (EC) species or stocks.  

(5) Ecosystem component (EC) species. 
(i) To be considered for possible classification as an EC species, the species should:  

(A) Be a non-target species or non-target stock;  
(B) Not be determined to be subject to overfishing, approaching overfished, or overfished;  
(C) Not be likely to become subject to overfishing or overfished, according to the best available information, in the 

absence of conservation and management measures; and  
(D) Not generally be retained for sale or personal use.  

(ii) Occasional retention of the species would not, in and of itself, preclude consideration of the species under the EC classification. 
In addition to the general factors noted in paragraphs (d)(5)(i)(A)–(D) of this section, it is important to consider whether use 
of the EC species classification in a given instance is consistent with MSA conservation and management requirements.  

(iii) EC species may be identified at the species or stock level, and may be grouped into complexes. EC species may, but are not 
required to, be included in an FMP or FMP amendment for any of the following reasons: For data collection purposes; for 
ecosystem considerations related to specification of OY for the associated fishery; as considerations in the development of 
conservation and management measures for the associated fishery; and/or to address other ecosystem issues. While EC 
species are not considered to be ‘‘in the fishery,’’ a Council should consider measures for the fishery to minimize bycatch 
and bycatch mortality of EC species consistent with National Standard 9, and to protect their associated role in the 
ecosystem. EC species do not require specification of reference points but should be monitored to the extent that any new 
pertinent scientific information becomes available (e.g., catch trends, vulnerability, etc.) to determine changes in their status 
or their vulnerability to the fishery. If necessary, they should be reclassified as ‘‘in the fishery.’’  

(6) Reclassification. A Council should monitor the catch resulting from a fishery on a regular basis to determine if the stocks and species are 
appropriately classified in the FMP. If the criteria previously used to classify a stock or species is no longer valid, the Council should 
reclassify it through an FMP amendment, which documents rationale for the decision.  

(7) Stocks or species identified in more than one FMP. If a stock is identified in more than one fishery, Councils should choose which FMP 
will be the primary FMP in which management objectives, SDC, the stock’s overall ACL and other reference points for the stock are 
established. Conservation and management measures in other FMPs in which the stock is identified as part of a fishery should be 
consistent with the primary FMP’s management objectives for the stock.  

(8) Stock complex. ‘‘Stock complex’’ means a group of stocks that are sufficiently similar in geographic distribution, life history, and 
vulnerabilities to the fishery such that the impact of management actions on the stocks is similar. At the time a stock complex is 
established, the FMP should provide a full and explicit description of the proportional composition of each stock in the stock complex, 
to the extent possible. Stocks may be grouped into complexes for various reasons, including where stocks in a multispecies fishery 
cannot be targeted independent of one another and MSY can not be defined on a stock-by-stock basis (see paragraph (e)(1)(iii) of this 
section); where there is insufficient data to measure their status relative to SDC; or when it is not feasible for fishermen to distinguish 
individual stocks among their catch. The vulnerability of stocks to the fishery should be evaluated when determining if a particular 
stock complex should be established or reorganized, or if a particular stock should be included in a complex. Stock complexes may be 
comprised of: one or more indicator stocks, each of which has SDC and ACLs, and several other stocks; several stocks without an 
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indicator stock, with SDC and an ACL for the complex as a whole; or one of more indicator stocks, each of which has SDC and 
management objectives, with an ACL for the complex as a whole (this situation might be applicable to some salmon species).  

(9) Indicator stocks. An indicator stock is a stock with measurable SDC that can be used to help manage and evaluate more poorly known 
stocks that are in a stock complex. If an indicator stock is used to evaluate the status of a complex, it should be representative of the 
typical status of each stock within the complex, due to similarity in vulnerability. If the stocks within a stock complex have a wide 
range of vulnerability, they should be reorganized into different stock complexes that have similar vulnerabilities; otherwise the 
indicator stock should be chosen to represent the more vulnerable stocks within the complex. In instances where an indicator stock is 
less vulnerable than other members of the complex, management measures need to be more conservative so that the more vulnerable 
members of the complex are not at risk from the fishery. More than one indicator stock can be selected to provide more information 
about the status of the complex. When indicator stock(s) are used, periodic re-evaluation of available quantitative or qualitative 
information (e.g., catch trends, changes in vulnerability, fish health indices, etc.) is needed to determine whether a stock is subject to 
overfishing, or is approaching (or in) an overfished condition.  

(10) Vulnerability. A stock’s vulnerability is a combination of its productivity, which depends upon its life history characteristics, and its 
susceptibility to the fishery. Productivity refers to the capacity of the stock to produce MSY and to recover if the population is depleted, 
and susceptibility is the potential for the stock to be impacted by the fishery, which includes direct captures, as well as indirect impacts 
to the fishery (e.g., loss of habitat quality). Councils in consultation with their SSC, should analyze the vulnerability of stocks in stock 
complexes where possible.  

(e) Features of MSY, SDC, and OY. 
(1) MSY. Each FMP must include an estimate of MSY for the stocks and stock complexes in the fishery, as described in paragraph (d)(2) of 

this section).  
(i) Definitions. 

(A) MSY is the largest long-term average catch or yield that can be taken from a stock or stock complex under prevailing 
ecological, environmental conditions and fishery technological characteristics (e.g., gear selectivity), and the 
distribution of catch among fleets.  

(B) MSY fishing mortality rate (Fmsy) is the fishing mortality rate that, if applied over the long term, would result in 
MSY.  

(C) MSY stock size (Bmsy) means the long-term average size of the stock or stock complex, measured in terms of 
spawning biomass or other appropriate measure of the stock’s reproductive potential that would be achieved by 
fishing at Fmsy.  

(ii) MSY for stocks. MSY should be estimated for each stock based on the best scientific information available (see § 600.315).  
(iii) MSY for stock complexes. MSY should be estimated on a stock-by-stock basis whenever possible. However, where MSY 

cannot be estimated for each stock in a stock complex, then MSY may be estimated for one or more indicator stocks for the 
complex or for the complex as a whole. When indicator stocks are used, the stock complex’s MSY could be listed as 
‘‘unknown,’’ while noting that the complex is managed on the basis of one or more indicator stocks that do have known 
stock-specific MSYs, or suitable proxies, as described in paragraph (e)(1)(iv) of this section. When indicator stocks are not 
used, MSY, or a suitable proxy, should be calculated for the stock complex as a whole.  

(iv) Specifying MSY. Because MSY is a long-term average, it need not be estimated annually, but it must be based on the best 
scientific information available (see § 600.315), and should be re-estimated as required by changes in long-term 
environmental or ecological conditions, fishery technological characteristics, or new scientific information. When data are 
insufficient to estimate MSY directly, Councils should adopt other measures of reproductive potential, based on the best 
scientific information available, that can serve as reasonable proxies for MSY, Fmsy, and Bmsy, to the extent possible. The 
MSY for a stock is influenced by its interactions with other stocks in its ecosystem and these interactions may shift as 
multiple stocks in an ecosystem are fished. These ecological conditions should be taken into account, to the extent possible, 
when specifying MSY. Ecological conditions not directly accounted for in the specification of MSY can be among the 
ecological factors considered when setting OY below MSY. As MSY values are estimates or are based on proxies, they will 
have some level of uncertainty associated with them. The degree of uncertainty in the estimates should be identified, when 
possible, through the stock assessment process and peer review (see § 600.335), and should be taken into account when 
specifying the ABC Control rule. Where this uncertainty cannot be directly calculated, such as when proxies are used, then a 
proxy for the uncertainty itself should be established based on the best scientific information, including comparison to other 
stocks.  

(2) Status determination criteria 
(i) Definitions. 

(A) Status determination criteria (SDC) mean the quantifiable factors, MFMT, OFL, and MSST, or their proxies, that are 
used to determine if overfishing has occurred, or if the stock or stock complex is overfished. Magnuson-Stevens 
Act (section 3(34)) defines both ‘‘overfishing’’ and ‘‘overfished’’ to mean a rate or level of fishing mortality that 
jeopardizes the capacity of a fishery to produce the MSY on a continuing basis. To avoid confusion, this section 
clarifies that ‘‘overfished’’ relates to biomass of a stock or stock complex, and ‘‘overfishing’’ pertains to a rate or 
level of removal of fish from a stock or stock complex.  

(B) Overfishing (to overfish) occurs whenever a stock or stock complex is subjected to a level of fishing mortality or 
annual total catch that jeopardizes the capacity of a stock or stock complex to produce MSY on a continuing basis.  

(C) Maximum fishing mortality threshold (MFMT) means the level of fishing mortality (F), on an annual basis, above 
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which overfishing is occurring. The MFMT or reasonable proxy may be expressed either as a single number (a 
fishing mortality rate or F value), or as a function of spawning biomass or other measure of reproductive potential.  

(D) Overfishing limit (OFL) means the annual amount of catch that corresponds to the estimate of MFMT applied to a 
stock or stock complex’s abundance and is expressed in terms of numbers or weight of fish. The OFL is an estimate 
of the catch level above which overfishing is occurring.  

(E) Overfished. A stock or stock complex is considered ‘‘overfished’’ when its biomass has declined below a level that 
jeopardizes the capacity of the stock or stock complex to produce MSY on a continuing basis.  

(F) Minimum stock size threshold (MSST) means the level of biomass below which the stock or stock complex is 
considered to be overfished.  

(G) Approaching an overfished condition. A stock or stock complex is approaching an overfished condition when it is 
projected that there is more than a 50 percent chance that the biomass of the stock or stock complex will decline 
below the MSST within two years.  

(ii) Specification of SDC and overfishing and overfished determinations. SDC must be expressed in a way that enables the Council 
to monitor each stock or stock complex in the FMP, and determine annually, if possible, whether overfishing is occurring and 
whether the stock or stock complex is overfished. In specifying SDC, a Council must provide an analysis of how the SDC 
were chosen and how they relate to reproductive potential. Each FMP must specify, to the extent possible, objective and 
measurable SDC as follows (see paragraphs (e)(2)(ii)(A) and (B) of this section):  

(A) SDC to determine overfishing status. Each FMP must describe which of the following two methods will be used for 
each stock or stock complex to determine an overfishing status.  

(1) Fishing mortality rate exceeds MFMT. Exceeding the MFMT for a period of 1 year or more constitutes 
overfishing. The MFMT or reasonable proxy may be expressed either as a single number (a fishing 
mortality rate or F value), or as a function of spawning biomass or other measure of reproductive 
potential.  

(2) Catch exceeds the OFL. Should the annual catch exceed the annual OFL for 1 year or more, the stock or 
stock complex is considered subject to overfishing.  

(B) SDC to determine overfished status. The MSST or reasonable proxy must be expressed in terms of spawning biomass 
or other measure of reproductive potential. To the extent possible, the MSST should equal whichever of the 
following is greater: One-half the MSY stock size, or the minimum stock size at which rebuilding to the MSY level 
would be expected to occur within 10 years, if the stock or stock complex were exploited at the MFMT specified 
under paragraph (e)(2)(ii)(A)(1) of this section. Should the estimated size of the stock or stock complex in a given 
year fall below this threshold, the stock or stock complex is considered overfished.  

(iii) Relationship of SDC to environmental change. Some short-term environmental changes can alter the size of a stock or stock 
complex without affecting its long-term reproductive potential. Long-term environmental changes affect both the short-term 
size of the stock or stock complex and the long-term reproductive potential of the stock or stock complex.  

(A) If environmental changes cause a stock or stock complex to fall below its MSST without affecting its long-term 
reproductive potential, fishing mortality must be constrained sufficiently to allow rebuilding within an acceptable 
time frame (also see paragraph (j)(3)(ii) of this section). SDC should not be respecified.  

(B) If environmental changes affect the long-term reproductive potential of the stock or stock complex, one or more 
components of the SDC must be respecified. Once SDC have been respecified, fishing mortality may or may not 
have to be reduced, depending on the status of the stock or stock complex with respect to the new criteria.  

(C) If manmade environmental changes are partially responsible for a stock or stock complex being in an overfished 
condition, in addition to controlling fishing mortality, Councils should recommend restoration of habitat and other 
ameliorative programs, to the extent possible (see also the guidelines issued pursuant to section 305(b) of the 
Magnuson-Stevens Act for Council actions concerning essential fish habitat).  

(iv) Secretarial approval of SDC. Secretarial approval or disapproval of proposed SDC will be based on consideration of whether 
the proposal:  

(A) Has sufficient scientific merit;  
(B) Contains the elements described in paragraph (e)(2)(ii) of this section;  
(C) Provides a basis for objective measurement of the status of the stock or stock complex against the criteria; and  
(D) is operationally feasible.  

(3) Optimum yield 
(i) Definitions  

(A) Optimum yield (OY). Magnuson-Stevens Act section (3)(33) defines ‘‘optimum,’’ with respect to the yield from a 
fishery, as the amount of fish that will provide the greatest overall benefit to the Nation, particularly with respect to 
food production and recreational opportunities and taking into account the protection of marine ecosystems; that is 
prescribed on the basis of the MSY from the fishery, as reduced by any relevant economic, social, or ecological 
factor; and, in the case of an overfished fishery, that provides for rebuilding to a level consistent with producing the 
MSY in such fishery. OY may be established at the stock or stock complex level, or at the fishery level.  

(B) In NS1, use of the phrase ‘‘achieving, on a continuing basis, the optimum yield from each fishery’’ means producing, 
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from each stock, stock complex, or fishery: a long-term series of catches such that the average catch is equal to the 
OY, overfishing is prevented, the long term average biomass is near or above Bmsy, and overfished stocks and 
stock complexes are rebuilt consistent with timing and other requirements of section 304(e)(4) of the Magnuson-
Stevens Act and paragraph (j) of this section.  

(ii) General. OY is a long-term average amount of desired yield from a stock, stock complex, or fishery. An FMP must contain 
conservation and management measures, including ACLs and AMs, to achieve OY on a continuing basis, and provisions for 
information collection that are designed to determine the degree to which OY is achieved. These measures should allow for 
practical and effective implementation and enforcement of the management regime. The Secretary has an obligation to 
implement and enforce the FMP. If management measures prove unenforceable—or too restrictive, or not rigorous enough to 
prevent overfishing while achieving OY—they should be modified; an alternative is to reexamine the adequacy of the OY 
specification. Exceeding OY does not necessarily constitute overfishing. However, even if no overfishing resulted from 
exceeding OY, continual harvest at a level above OY would violate NS1, because OY was not achieved on a continuing 
basis. An FMP must contain an assessment and specification of OY, including a summary of information utilized in making 
such specification, consistent with requirements of section 303(a)(3) of the Magnuson-Stevens Act. A Council must identify 
those economic, social, and ecological factors relevant to management of a particular stock, stock complex, or fishery, and 
then evaluate them to determine the OY. The choice of a particular OY must be carefully documented to show that the OY 
selected will produce the greatest benefit to the Nation and prevent overfishing.  

(iii) Determining the greatest benefit to the Nation. In determining the greatest benefit to the Nation, the values that should be 
weighed and receive serious attention when considering the economic, social, or ecological factors used in reducing MSY to 
obtain OY are:  

(A) The benefits of food production are derived from providing seafood to consumers; maintaining an economically 
viable fishery together with its attendant contributions to the national, regional, and local economies; and utilizing 
the capacity of the Nation’s fishery resources to meet nutritional needs.  

(B) The benefits of recreational opportunities reflect the quality of both the recreational fishing experience and non-
consumptive fishery uses such as ecotourism, fish watching, and recreational diving. Benefits also include the 
contribution of recreational fishing to the national, regional, and local economies and food supplies.  

(C) The benefits of protection afforded to marine ecosystems are those resulting from maintaining viable populations 
(including those of unexploited species), maintaining adequate forage for all components of the ecosystem, 
maintaining evolutionary and ecological processes (e.g., disturbance regimes, hydrological processes, nutrient 
cycles), maintaining the evolutionary potential of species and ecosystems, and accommodating human use.  

(iv) Factors to consider in OY specification. Because fisheries have limited capacities, any attempt to maximize the measures of 
benefits described in paragraph (e)(3)(iii) of this section will inevitably encounter practical constraints. OY cannot exceed 
MSY in any circumstance, and must take into account the need to prevent overfishing and rebuild overfished stocks and stock 
complexes. OY is prescribed on the basis of MSY as reduced by social, economic, and ecological factors. To the extent 
possible, the relevant social, economic, and ecological factors used to establish OY for a stock, stock complex, or fishery 
should be quantified and reviewed in historical, short-term, and long-term contexts. Even where quantification of social, 
economic, and ecological factors is not possible, the FMP still must address them in its OY specification. The following is a 
non-exhaustive list of potential considerations for each factor. An FMP must address each factor but not necessarily each 
example.  

(A) Social factors. Examples are enjoyment gained from recreational fishing, avoidance of gear conflicts and resulting 
disputes, preservation of a way of life for fishermen and their families, and dependence of local communities on a 
fishery (e.g., involvement in fisheries and ability to adapt to change). Consideration may be given to fishery-related 
indicators (e.g., number of fishery permits, number of commercial fishing vessels, number of party and charter 
trips, landings, ex-vessel revenues etc.) and non-fishery related indicators (e.g., unemployment rates, percent of 
population below the poverty level, population density, etc.). Other factors that may be considered include the 
effects that past harvest levels have had on fishing communities, the cultural place of subsistence fishing, 
obligations under Indian treaties, proportions of affected minority and low-income groups, and worldwide 
nutritional needs.  

(B) Economic factors. Examples are prudent consideration of the risk of overharvesting when a stock’s size or 
reproductive potential is uncertain (see § 600.335(c)(2)(i)), satisfaction of consumer and recreational needs, and 
encouragement of domestic and export markets for U.S. harvested fish. Other factors that may be considered 
include: The value of fisheries, the level of capitalization, the decrease in cost per unit of catch afforded by an 
increase in stock size, the attendant increase in catch per unit of effort, alternate employment opportunities, and 
economic contribution to fishing communities, coastal areas, affected states, and the nation.  

(C) Ecological factors. Examples include impacts on ecosystem component species, forage fish stocks, other fisheries, 
predator-prey or competitive interactions, marine mammals, threatened or endangered species, and birds. Species 
interactions that have not been explicitly taken into account when calculating MSY should be considered as 
relevant factors for setting OY below MSY. In addition, consideration should be given to managing forage stocks 
for higher biomass than Bmsy to enhance and protect the marine ecosystem. Also important are ecological or 
environmental conditions that stress marine organisms, such as natural and manmade changes in wetlands or 
nursery grounds, and effects of pollutants on habitat and stocks.  

(v) Specification of OY. The specification of OY must be consistent with paragraphs (e)(3)(i)–(iv) of this section. If the estimates of 
MFMT and current biomass are known with a high level of certainty and management controls can accurately limit catch 
then OY could be set very close to MSY, assuming no other reductions are necessary for social, economic, or ecological 
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factors. To the degree that such MSY estimates and management controls are lacking or unavailable, OY should be set 
farther from MSY. If management measures cannot adequately control fishing mortality so that the specified OY can be 
achieved without overfishing, the Council should reevaluate the management measures and specification of OY so that the 
dual requirements of NS1 (preventing overfishing while achieving, on a continuing basis, OY) are met.  

(A) The amount of fish that constitutes the OY should be expressed in terms of numbers or weight of fish.  
(B) Either a range or a single value may be specified for OY.  
(C) All catch must be counted against OY, including that resulting from bycatch, scientific research, and all fishing 

activities.  
(D) The OY specification should be translatable into an annual numerical estimate for the purposes of establishing any 

total allowable level of foreign fishing (TALFF) and analyzing impacts of the management regime.  
(E) The determination of OY is based on MSY, directly or through proxy. However, even where sufficient scientific data 

as to the biological characteristics of the stock do not exist, or where the period of exploitation or investigation has 
not been long enough for adequate understanding of stock dynamics, or where frequent large-scale fluctuations in 
stock size diminish the meaningfulness of the MSY concept, OY must still be established based on the best 
scientific information available.  

(F) An OY established at a fishery level may not exceed the sum of the MSY values for each of the stocks or stock 
complexes within the fishery.  

(G) There should be a mechanism in the FMP for periodic reassessment of the OY specification, so that it is responsive to 
changing circumstances in the fishery.  

(H) Part of the OY may be held as a reserve to allow for factors such as uncertainties in estimates of stock size and 
domestic annual harvest (DAH). If an OY reserve is established, an adequate mechanism should be included in the 
FMP to permit timely release of the reserve to domestic or foreign fishermen, if necessary.  

(vi) OY and foreign fishing. Section 201(d) of the Magnuson-Stevens Act provides that fishing by foreign nations is limited to that 
portion of the OY that will not be harvested by vessels of the United States. The FMP must include an assessment to address 
the following, as required by section 303(a)(4) of the Magnuson-Stevens Act:  

(A) DAH. Councils and/or the Secretary must consider the capacity of, and the extent to which, U.S. vessels will harvest 
the OY on an annual basis. Estimating the amount that U.S. fishing vessels will actually harvest is required to 
determine the surplus.  

(B) Domestic annual processing (DAP). Each FMP must assess the capacity of U.S. processors. It must also assess the 
amount of DAP, which is the sum of two estimates: The estimated amount of U.S. harvest that domestic processors 
will process, which may be based on historical performance or on surveys of the expressed intention of 
manufacturers to process, supported by evidence of contracts, plant expansion, or other relevant information; and 
the estimated amount of fish that will be harvested by domestic vessels, but not processed (e.g., marketed as fresh 
whole fish, used for private consumption, or used for bait).  

(C) Joint venture processing (JVP). When DAH exceeds DAP, the surplus is available for JVP.  
(f) Acceptable biological catch, annual catch limits, and annual catch targets. The following features (see paragraphs (f)(1) through (f)(5) of this 

section) of acceptable biological catch and annual catch limits apply to stocks and stock complexes in the fishery (see paragraph (d)(2) of this 
section).  

(1) Introduction. A control rule is a policy for establishing a limit or target fishing level that is based on the best available scientific 
information and is established by fishery managers in consultation with fisheries scientists. Control rules should be designed so that 
management actions become more conservative as biomass estimates, or other proxies, for a stock or stock complex decline and as 
science and management uncertainty increases. Examples of scientific uncertainty include uncertainty in the estimates of MFMT and 
biomass. Management uncertainty may include late catch reporting, misreporting, and underreporting of catches and is affected by a 
fishery’s ability to control actual catch. For example, a fishery that has inseason catch data available and inseason closure authority has 
better management control and precision than a fishery that does not have these features.  

(2) Definitions. 
(i) Catch is the total quantity of fish, measured in weight or numbers of fish, taken in commercial, recreational, subsistence, tribal, 

and other fisheries. Catch includes fish that are retained for any purpose, as well as mortality of fish that are discarded.  
(ii) Acceptable biological catch (ABC) is a level of a stock or stock complex’s annual catch that accounts for the scientific 

uncertainty in the estimate of OFL and any other scientific uncertainty (see paragraph (f)(3) of this section), and should be 
specified based on the ABC control rule.  

(iii) ABC control rule means a specified approach to setting the ABC for a stock or stock complex as a function of the scientific 
uncertainty in the estimate of OFL and any other scientific uncertainty (see paragraph (f)(4) of this section).  

(iv) Annual catch limit (ACL) is the level of annual catch of a stock or stock complex that serves as the basis for invoking AMs. 
ACL cannot exceed the ABC, but may be divided into sector-ACLs (see paragraph (f)(5) of this section). 

(v) Annual catch target (ACT) is an amount of annual catch of a stock or stock complex that is the management target of the 
fishery, and accounts for management uncertainty in controlling the actual catch at or below the ACL. ACTs are 
recommended in the system of accountability measures so that ACL is not exceeded.  

(vi) ACT control rule means a specified approach to setting the ACT for a stock or stock complex such that the risk of exceeding 
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the ACL due to management uncertainty is at an acceptably low level.  
(3) Specification of ABC. ABC may not exceed OFL (see paragraph (e)(2)(i)(D) of this section). Councils should develop a process for 

receiving scientific information and advice used to establish ABC. This process should: Identify the body that will apply the ABC 
control rule (i.e. , calculates the ABC), and identify the review process that will evaluate the resulting ABC. The SSC must recommend 
the ABC to the Council. An SSC may recommend an ABC that differs from the result of the ABC control rule calculation, based on 
factors such as data uncertainty, recruitment variability, declining trends in population variables, and other factors, but must explain 
why. For Secretarial FMPs or FMP amendments, agency scientists or a peer review process would provide the scientific advice to 
establish ABC. For internationally-assessed stocks, an ABC as defined in these guidelines is not required if they meet the international 
exception (see paragraph (h)(2)(ii)). While the ABC is allowed to equal OFL, NMFS expects that in most cases ABC will be reduced 
from OFL to reduce the probability that overfishing might occur in a year. Also, see paragraph (f)(5) of this section for cases where a 
Council recommends that ACL is equal to ABC, and ABC is equal to OFL.  

(i) Expression of ABC. ABC should be expressed in terms of catch, but may be expressed in terms of landings as long as estimates 
of bycatch and any other fishing mortality not accounted for in the landings are incorporated into the determination of ABC.  

(ii) ABC for overfished stocks. For overfished stocks and stock complexes, a rebuilding ABC must be set to reflect the annual catch 
that is consistent with the schedule of fishing mortality rates in the rebuilding plan.  

(4) ABC control rule. For stocks and stock complexes required to have an ABC, each Council must establish an ABC control rule based on 
scientific advice from its SSC. The determination of ABC should be based, when possible, on the probability that an actual catch equal 
to the stock’s ABC would result in overfishing. This probability that overfishing will occur cannot exceed 50 percent and should be a 
lower value. The ABC control rule should consider reducing fishing mortality as stock size declines and may establish a stock 
abundance level below which fishing would not be allowed. The process of establishing an ABC control rule could also involve science 
advisors or the peer review process established under Magnuson-Stevens Act section 302(g)(1)(E). The ABC control rule must 
articulate how ABC will be set compared to the OFL based on the scientific knowledge about the stock or stock complex and the 
scientific uncertainty in the estimate of OFL and any other scientific uncertainty. The ABC control rule should consider uncertainty in 
factors such as stock assessment results, time lags in updating assessments, the degree of retrospective revision of assessment results, 
and projections. The control rule may be used in a tiered approach to address different levels of scientific uncertainty.  

(5) Setting the annual catch limit 
(i) General. ACL cannot exceed the ABC and may be set annually or on a multiyear plan basis. ACLs in coordination with AMs 

must prevent overfishing (see MSA section 303(a)(15)). If a Council recommends an ACL which equals ABC, and the ABC 
is equal to OFL, the Secretary may presume that the proposal would not prevent overfishing, in the absence of sufficient 
analysis and justification for the approach. A ‘‘multiyear plan’’ as referenced in section 303(a)(15) of the Magnuson-Stevens 
Act is a plan that establishes harvest specifications or harvest guidelines for each year of a time period greater than 1 year. A 
multiyear plan must include a mechanism for specifying ACLs for each year with appropriate AMs to prevent overfishing 
and maintain an appropriate rate of rebuilding if the stock or stock complex is in a rebuilding plan. A multiyear plan must 
provide that, if an ACL is exceeded for a year, then AMs are triggered for the next year consistent with paragraph (g)(3) of 
this section.  

(ii) Sector-ACLs. A Council may, but is not required to, divide an ACL into sector-ACLs. ‘‘Sector,’’ for purposes of this section, 
means a distinct user group to which separate management strategies and separate catch quotas apply. Examples of sectors 
include the commercial sector, recreational sector, or various gear groups within a fishery. If the management measures for 
different sectors differ in the degree of management uncertainty, then sector ACLs may be necessary so that appropriate AMs 
can be developed for each sector. If a Council chooses to use sector ACLs, the sum of sector ACLs must not exceed the stock 
or stock complex level ACL. The system of ACLs and AMs designed must be effective in protecting the stock or stock 
complex as a whole. Even if sector-ACLs and AMs are established, additional AMs at the stock or stock complex level may 
be necessary.  

(iii) ACLs for State-Federal Fisheries. For stocks or stock complexes that have harvest in state or territorial waters, FMPs and FMP 
amendments should include an ACL for the overall stock that may be further divided. For example, the overall ACL could be 
divided into a Federal-ACL and state-ACL. However, NMFS recognizes that Federal management is limited to the portion of 
the fishery under Federal authority (see paragraph (g)(5) of this section). When stocks are co-managed by Federal, state, 
tribal, and/or territorial fishery managers, the goal should be to develop collaborative conservation and management 
strategies, and scientific capacity to support such strategies (including AMs for state or territorial and Federal waters), to 
prevent overfishing of shared stocks and ensure their sustainability.  

(6) ACT control rule. If ACT is specified as part of the AMs for a fishery, an ACT control rule is utilized for setting the ACT. The ACT 
control rule should clearly articulate how management uncertainty in the amount of catch in the fishery is accounted for in setting ACT. 
The objective for establishing the ACT and related AMs is that the ACL not be exceeded.  

(i) Determining management uncertainty. Two sources of management uncertainty should be accounted for in establishing the 
AMs for a fishery, including the ACT control rule if utilized: Uncertainty in the ability of managers to constrain catch so the 
ACL is not exceeded, and uncertainty in quantifying the true catch amounts (i.e., estimation errors). To determine the level of 
management uncertainty in controlling catch, analyses need to consider past management performance in the fishery and 
factors such as time lags in reported catch. Such analyses must be based on the best available scientific information from an 
SSC, agency scientists, or peer review process as appropriate.  

(ii) Establishing tiers and corresponding ACT control rules. Tiers can be established based on levels of management uncertainty 
associated with the fishery, frequency and accuracy of catch monitoring data available, and risks of exceeding the limit. An 
ACT control rule could be established for each tier and have, as appropriate, different formulas and standards used to 
establish the ACT.  



8 
 

(7) A Council may choose to use a single control rule that combines both scientific and management uncertainty and supports the ABC 
recommendation and establishment of ACL and if used ACT.  

(g) Accountability measures. The following features (see paragraphs (g)(1) through (5) of this section) of accountability measures apply to those stocks 
and stock complexes in the fishery.  

(1) Introduction. AMs are management controls to prevent ACLs, including sector-ACLs, from being exceeded, and to correct or mitigate 
overages of the ACL if they occur. AMs should address and minimize both the frequency and magnitude of overages and correct the 
problems that caused the overage in as short a time as possible. NMFS identifies two categories of AMs, inseason AMs and AMs for 
when the ACL is exceeded.  

(2) Inseason AMs. Whenever possible, FMPs should include inseason monitoring and management measures to prevent catch from exceeding 
ACLs. Inseason AMs could include, but are not limited to: ACT; closure of a fishery; closure of specific areas; changes in gear; 
changes in trip size or bag limits; reductions in effort; or other appropriate management controls for the fishery. If final data or data 
components of catch are delayed, Councils should make appropriate use of preliminary data, such as landed catch, in implementing 
inseason AMs. FMPs should contain inseason closure authority giving NMFS the ability to close fisheries if it determines, based on 
data that it deems sufficiently reliable, that an ACL has been exceeded or is projected to be reached, and that closure of the fishery is 
necessary to prevent overfishing. For fisheries without inseason management control to prevent the ACL from being exceeded, AMs 
should utilize ACTs that are set below ACLs so that catches do not exceed the ACL.  

(3) AMs for when the ACL is exceeded. On an annual basis, the Council must determine as soon as possible after the fishing year if an ACL 
was exceeded. If an ACL was exceeded, AMs must be triggered and implemented as soon as possible to correct the operational issue 
that caused the ACL overage, as well as any biological consequences to the stock or stock complex resulting from the overage when it 
is known. These AMs could include, among other things, modifications of inseason AMs or overage adjustments. For stocks and stock 
complexes in rebuilding plans, the AMs should include overage adjustments that reduce the ACLs in the next fishing year by the full 
amount of the overages, unless the best scientific information available shows that a reduced overage adjustment, or no adjustment, is 
needed to mitigate the effects of the overages. If catch exceeds the ACL for a given stock or stock complex more than once in the last 
four years, the system of ACLs and AMs should be re-evaluated, and modified if necessary, to improve its performance and 
effectiveness. A Council could choose a higher performance standard (e.g., a stock’s catch should not exceed its ACL more often than 
once every five or six years) for a stock that is particularly vulnerable to the effects of overfishing, if the vulnerability of the stock has 
not already been accounted for in the ABC control rule.  

(4) AMs based on multi-year average data. Some fisheries have highly variable annual catches and lack reliable inseason or annual data on 
which to base AMs. If there are insufficient data upon which to compare catch to ACL, either inseason or on an annual basis, AMs 
could be based on comparisons of average catch to average ACL over a three-year moving average period or, if supported by analysis, 
some other appropriate multi-year period. Councils should explain why basing AMs on a multi-year period is appropriate. Evaluation 
of the moving average catch to the average ACL must be conducted annually and AMs should be implemented if the average catch 
exceeds the average ACL. As a performance standard, if the average catch exceeds the average ACL for a stock or stock complex more 
than once in the last four years, then the system of ACLs and AMs should be re-evaluated and modified if necessary to improve its 
performance and effectiveness. The initial ACL and management measures may incorporate information from previous years so that 
AMs based on average ACLs can be applied from the first year. Alternatively, a Council could use a stepped approach where in year-1, 
catch is compared to the ACL for year-1; in year-2 the average catch for the past 2 years is compared to the average ACL; then in year 
3 and beyond, the most recent 3 years of catch are compared to the corresponding ACLs for those years.  

(5) AMs for State-Federal Fisheries. For stocks or stock complexes that have harvest in state or territorial waters, FMPs and FMP 
amendments must, at a minimum, have AMs for the portion of the fishery under Federal authority. Such AMs could include closing the 
EEZ when the Federal portion of the ACL is reached, or the overall stock’s ACL is reached, or other measures.  

(h) Establishing ACL mechanisms and AMs in FMPs. FMPs or FMP amendments must establish ACL mechanisms and AMs for all stocks and stock 
complexes in the fishery, unless paragraph (h)(2) of this section is applicable. These mechanisms should describe the annual or multiyear process 
by which specific ACLs, AMs, and other reference points such as OFL, and ABC will be established. If a complex has multiple indicator stocks, 
each indicator stock must have its own ACL; an additional ACL for the stock complex as a whole is optional. In cases where fisheries (e.g., 
Pacific salmon) harvest multiple indicator stocks of a single species that cannot be distinguished at the time of capture, separate ACLs for the 
indicator stocks are not required and the ACL can be established for the complex as a whole.  

(1) In establishing ACL mechanisms and AMs, FMPs should describe:  
(i) Timeframes for setting ACLs (e.g., annually or multi-year periods);  
(ii) Sector-ACLs, if any (including set-asides for research or bycatch);  
(iii) AMs and how AMs are triggered and what sources of data will be used (e.g., inseason data, annual catch compared to the 

ACL, or multi-year averaging approach); and  
(iv) Sector-AMs, if there are sector-ACLs.  

(2) Exceptions from ACL and AM requirements 
(i) Life cycle. Section 303(a)(15) of the Magnuson-Stevens Act ‘‘shall not apply to a fishery for species that has a life cycle of 

approximately 1 year unless the Secretary has determined the fishery is subject to overfishing of that species’’ (as described 
in Magnuson-Stevens Act section 303 note). This exception applies to a stock for which the average length of time it takes 
for an individual to produce a reproductively active offspring is approximately 1 year and that the individual has only one 
breeding season in its lifetime. While exempt from the ACL and AM requirements, FMPs or FMP amendments for these 
stocks must have SDC, MSY, OY, ABC, and an ABC control rule.  

(ii) International fishery agreements. Section 303(a)(15) of the Magnuson-Stevens Act applies ‘‘unless otherwise provided for 
under an international agreement in which the United States participates’’ (Magnuson-Stevens Act section 303 note). This 
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exception applies to stocks or stock complexes subject to management under an international agreement, which is defined as 
‘‘any bilateral or multilateral treaty, convention, or agreement which relates to fishing and to which the United States is a 
party’’ (see Magnuson-Stevens Act section 3(24)). These stocks would still need to have SDC and MSY.  

(3) Flexibility in application of NS1 guidelines. There are limited circumstances that may not fit the standard approaches to specification of 
reference points and management measures set forth in these guidelines. These include, among other things, conservation and 
management of Endangered Species Act listed species, harvests from aquaculture operations, and stocks with unusual life history 
characteristics (e.g., Pacific salmon, where the spawning potential for a stock is spread over a multi-year period). In these 
circumstances, Councils may propose alternative approaches for satisfying the NS1 requirements of the Magnuson-Stevens Act than 
those set forth in these guidelines. Councils must document their rationale for any alternative approaches for these limited 
circumstances in an FMP or FMP amendment, which will be reviewed for consistency with the Magnuson-Stevens Act.  

(i) Fisheries data. In their FMPs, or associated public documents such as SAFE reports as appropriate, Councils must describe general data collection 
methods, as well as any specific data collection methods used for all stocks in the fishery, and EC species, including:  

(1) Sources of fishing mortality (both landed and discarded), including commercial and recreational catch and bycatch in other fisheries;  
(2) Description of the data collection and estimation methods used to quantify total catch mortality in each fishery, including information on 

the management tools used (i.e., logbooks, vessel monitoring systems, observer programs, landings reports, fish tickets, processor 
reports, dealer reports, recreational angler surveys, or other methods); the frequency with which data are collected and updated; and the 
scope of sampling coverage for each fishery; and  

(3) Description of the methods used to compile catch data from various catch data collection methods and how those data are used to 
determine the relationship between total catch at a given point in time and the ACL for stocks and stock complexes that are part of a 
fishery.  

(j) Council actions to address overfishing and rebuilding for stocks and stock complexes in the fishery 
(1) Notification. The Secretary will immediately notify in writing a Regional Fishery Management Council whenever it is determined that:  

(i) Overfishing is occurring;  
(ii) A stock or stock complex is overfished;  
(iii) A stock or stock complex is approaching an overfished condition; or  
(iv) Existing remedial action taken for the purpose of ending previously identified overfishing or rebuilding a previously identified 

overfished stock or stock complex has not resulted in adequate progress.  
(2) Timing of actions 

(i) If a stock or stock complex is undergoing overfishing. FMPs or FMP amendments must establish ACL and AM mechanisms in 
2010, for stocks and stock complexes determined to be subject to overfishing, and in 2011, for all other stocks and stock 
complexes (see paragraph (b)(2)(iii) of this section). To address practical implementation aspects of the FMP and FMP 
amendment process, paragraphs (j)(2)(i)(A) through (C) of this section clarifies the expected timing of actions.  

(A) In addition to establishing ACL and AM mechanisms, the ACLs and AMs themselves must be specified in FMPs, 
FMP amendments, implementing regulations, or annual specifications beginning in 2010 or 2011, as appropriate.  

(B) For stocks and stock complexes still determined to be subject to overfishing at the end of 2008, ACL and AM 
mechanisms and the ACLs and AMs themselves must be effective in fishing year 2010.  

(C) For stocks and stock complexes determined to be subject to overfishing during 2009, ACL and AM mechanisms and 
ACLs and AMs themselves should be effective in fishing year 2010, if possible, or in fishing year 2011, at the 
latest.  

(ii) If a stock or stock complex is overfished or approaching an overfished condition. 
(A) For notifications that a stock or stock complex is overfished or approaching an overfished condition made before July 

12, 2009, a Council must prepare an FMP, FMP amendment, or proposed regulations within one year of 
notification. If the stock or stock complex is overfished, the purpose of the action is to specify a time period for 
ending overfishing and rebuilding the stock or stock complex that will be as short as possible as described under 
section 304(e)(4) of the Magnuson-Stevens Act. If the stock or stock complex is approaching an overfished 
condition, the purpose of the action is to prevent the biomass from declining below the MSST.  

(B) For notifications that a stock or stock complex is overfished or approaching an overfished condition made after July 
12, 2009, a Council must prepare and implement an FMP, FMP amendment, or proposed regulations within two 
years of notification, consistent with the requirements of section 304(e)(3) of the Magnuson-Stevens Act. Council 
actions should be submitted to NMFS within 15 months of notification to ensure sufficient time for the Secretary to 
implement the measures, if approved. If the stock or stock complex is overfished and overfishing is occurring, the 
rebuilding plan must end overfishing immediately and be consistent with ACL and AM requirements of the 
Magnuson-Stevens Act.  

(3) Overfished fishery. 
(i) Where a stock or stock complex is overfished, a Council must specify a time period for rebuilding the stock or stock complex 

based on factors specified in Magnuson-Stevens Act section 304(e)(4). This target time for rebuilding (Ttarget) shall be as 
short as possible, taking into account: The status and biology of any overfished stock, the needs of fishing communities, 
recommendations by international organizations in which the U.S. participates, and interaction of the stock within the marine 
ecosystem. In addition, the time period shall not exceed 10 years, except where biology of the stock, other environmental 
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conditions, or management measures under an international agreement to which the U.S. participates, dictate otherwise. SSCs 
(or agency scientists or peer review processes in the case of Secretarial actions) shall provide recommendations for achieving 
rebuilding targets (see Magnuson-Stevens Act section 302(g)(1)(B)). The above factors enter into the specification of Ttarget 
as follows:  

(A) The ‘‘minimum time for rebuilding a stock’’ (Tmin) means the amount of time the stock or stock complex is 
expected to take to rebuild to its MSY biomass level in the absence of any fishing mortality. In this context, the 
term ‘‘expected’’ means to have at least a 50 percent probability of attaining the Bmsy.  

(B) For scenarios under paragraph (j)(2)(ii)(A) of this section, the starting year for the Tmin calculation is the first year 
that a rebuilding plan is implemented. For scenarios under paragraph (j)(2)(ii)(B) of this section, the starting year 
for the Tmin calculation is 2 years after notification that a stock or stock complex is overfished or the first year that 
a rebuilding plan is implemented, whichever is sooner.  

(C) If Tmin for the stock or stock complex is 10 years or less, then the maximum time allowable for rebuilding (Tmax) 
that stock to its Bmsy is 10 years.  

(D) If Tmin for the stock or stock complex exceeds 10 years, then the maximum time allowable for rebuilding a stock or 
stock complex to its Bmsy is Tmin plus the length of time associated with one generation time for that stock or 
stock complex. ‘‘Generation time’’ is the average length of time between when an individual is born and the birth 
of its offspring.  

(E) Ttarget shall not exceed Tmax, and should be calculated based on the factors described in this paragraph (j)(3).  
(ii) If a stock or stock complex reached the end of its rebuilding plan period and has not yet been determined to be rebuilt, then the 

rebuilding F should not be increased until the stock or stock complex has been demonstrated to be rebuilt. If the rebuilding 
plan was based on a Ttarget that was less than Tmax, and the stock or stock complex is not rebuilt by Ttarget, rebuilding 
measures should be revised, if necessary, such that the stock or stock complex will be rebuilt by Tmax. If the stock or stock 
complex has not rebuilt by Tmax, then the fishing mortality rate should be maintained at Frebuild or 75 percent of the 
MFMT, whichever is less.  

(iii) Council action addressing an overfished fishery must allocate both overfishing restrictions and recovery benefits fairly and 
equitably among sectors of the fishery.  

(iv) For fisheries managed under an international agreement, Council action addressing an overfished fishery must reflect 
traditional participation in the fishery, relative to other nations, by fishermen of the United States.  

(4) Emergency actions and interim measures. The Secretary, on his/her own initiative or in response to a Council request, may implement 
interim measures to reduce overfishing or promulgate regulations to address an emergency (Magnuson-Stevens Act section 304(e)(6) 
or 305(c)). In considering a Council request for action, the Secretary would consider, among other things, the need for and urgency of 
the action and public interest considerations, such as benefits to the stock or stock complex and impacts on participants in the fishery.  

(i) These measures may remain in effect for not more than 180 days, but may be extended for an additional 186 days if the public 
has had an opportunity to comment on the measures and, in the case of Council-recommended measures, the Council is 
actively preparing an FMP, FMP amendment, or proposed regulations to address the emergency or overfishing on a 
permanent basis.  

(ii) Often, these measures need to be implemented without prior notice and an opportunity for public comment, as it would be 
impracticable to provide for such processes given the need to act quickly and also contrary to the public interest to delay 
action. However, emergency regulations and interim measures that do not qualify for waivers or exceptions under the 
Administrative Procedure Act would need to follow proposed notice and comment rulemaking procedures.  

(k) International overfishing. If the Secretary determines that a fishery is overfished or approaching a condition of being overfished due to excessive 
international fishing pressure, and for which there are no management measures (or no effective measures) to end overfishing under an 
international agreement to which the United States is a party, then the Secretary and/or the appropriate Council shall take certain actions as 
provided under Magnuson-Stevens Act section 304(i). The Secretary, in cooperation with the Secretary of State, must immediately take 
appropriate action at the international level to end the overfishing. In addition, within one year after the determination, the Secretary and/or 
appropriate Council shall:  

(1) Develop recommendations for domestic regulations to address the relative impact of the U.S. fishing vessels on the stock. Council 
recommendations should be submitted to the Secretary.  

(2) Develop and submit recommendations to the Secretary of State, and to the Congress, for international actions that will end overfishing in 
the fishery and rebuild the affected stocks, taking into account the relative impact of vessels of other nations and vessels of the United 
States on the relevant stock. Councils should, in consultation with the Secretary, develop recommendations that take into consideration 
relevant provisions of the Magnuson-Stevens Act and NS1 guidelines, including section 304(e) of the Magnuson-Stevens Act and 
paragraph (j)(3)(iv) of this section, and other applicable laws. For highly migratory species in the Pacific, recommendations from the 
Western Pacific, North Pacific, or Pacific Councils must be developed and submitted consistent with Magnuson-Stevens 
Reauthorization Act section 503(f), as appropriate.  

(3) Considerations for assessing ‘‘relative impact.’’ ‘‘Relative impact’’ under paragraphs (k)(1) and (2) of this section may include 
consideration of factors that include, but are not limited to: Domestic and international management measures already in place, 
management history of a given nation, estimates of a nation’s landings or catch (including bycatch) in a given fishery, and estimates of 
a nation’s mortality contributions in a given fishery. Information used to determine relative impact must be based upon the best 
available scientific information.  

(l) Relationship of National Standard 1 to other national standards—General. National Standards 2 through 10 provide further requirements for 
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conservation and management measures in FMPs, but do not alter the requirement of NS1 to prevent overfishing and rebuild overfished stocks.  
(1) National Standard 2 (see § 600.315). Management measures and reference points to implement NS1 must be based on the best scientific 

information available. When data are insufficient to estimate reference points directly, Councils should develop reasonable proxies to 
the extent possible (also see paragraph (e)(1)(iv) of this section). In cases where scientific data are severely limited, effort should also 
be directed to identifying and gathering the needed data. SSCs should advise their Councils regarding the best scientific information 
available for fishery management decisions.  

(2) National Standard 3 (see § 600.320). Reference points should generally be specified in terms of the level of stock aggregation for which 
the best scientific information is available (also see paragraph (e)(1)(iii) of this section). Also, scientific assessments must be based on 
the best information about the total range of the stock and potential biological structuring of the stock into biological sub-units, which 
may differ from the geographic units on which management is feasible.  

(3) National Standard 6 (see § 600.335). Councils must build into the reference points and control rules appropriate consideration of risk, 
taking into account uncertainties in estimating harvest, stock conditions, life history parameters, or the effects of environmental factors.  

(4) National Standard 8 (see § 600.345). National Standard 8 directs the Councils to apply economic and social factors towards sustained 
participation of fishing communities and to the extent practicable, minimize adverse economic impacts on such communities within the 
context of preventing overfishing and rebuilding overfished stocks as required under National Standard 1. Therefore, calculation of OY 
as reduced from MSY should include economic and social factors, but the combination of management measures chosen to achieve the 
OY must principally be designed to prevent overfishing and rebuild overfished stocks.  

(5) National Standard 9 (see § 600.350). Evaluation of stock status with respect to reference points must take into account mortality caused 
by bycatch. In addition, the estimation of catch should include the mortality of fish that are discarded.  

(m) Exceptions to requirements to prevent overfishing. Exceptions to the requirement to prevent overfishing could apply under certain limited 
circumstances. Harvesting one stock at its optimum level may result in overfishing of another stock when the two stocks tend to be caught 
together (This can occur when the two stocks are part of the same fishery or if one is bycatch in the other’s fishery). Before a Council may decide 
to allow this type of overfishing, an analysis must be performed and the analysis must contain a justification in terms of overall benefits, 
including a comparison of benefits under alternative management measures, and an analysis of the risk of any stock or stock complex falling 
below its MSST. The Council may decide to allow this type of overfishing if the fishery is not overfished and the analysis demonstrates that all of 
the following conditions are satisfied:  

(1) Such action will result in long-term net benefits to the Nation;  
(2) Mitigating measures have been considered and it has been demonstrated that a similar level of long-term net benefits cannot be achieved 

by modifying fleet behavior, gear selection/configuration, or other technical characteristic in a manner such that no overfishing would 
occur; and  

(3) The resulting rate of fishing mortality will not cause any stock or stock complex to fall below its MSST more than 50 percent of the time 
in the long term, although it is recognized that persistent overfishing is expected to cause the affected stock to fall below its Bmsy more 
than 50 percent of the time in the long term.  
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REPORT OF THE SALMON AMENDMENT COMMITTEE 
OVERVIEW OF SCOPING CONSIDERATIONS FOR  

SALMON FISHERY MANAGEMENT PLAN AMENDMENT 16 

Introduction 
Amendment 16 to the Salmon FMP will update and revise the Salmon Plan as needed to address 
the new requirements of the 2007 amendments to the Magnuson-Stevens Act (MSA), 
particularly for requirements for annual catch limits (ACLs) and accountability measures 
(ACLAMs), and to address the 2009 National Standard 1 (NS1) Guidelines designed to prevent 
overfishing.  However, there are other elements of the FMP that may also need to be updated.  
The scoping process is designed to outline issues related to the MSA requirements and NS1 
guidelines involved, and consider whether other issues should also be taken up at this time as 
part of this plan amendment process.   
 
This document lists the topics currently identified in the scoping process , describes issues 
associated with those topics, and provides rationale for developing alternatives for some of those 
topics.  Because of the interdependence of some topics, developing alternatives is sometimes an 
iterative process; therefore, some topics will be better developed than others at this stage of the 
process.  Alternatives for some topics are included in this document, but they do not necessarily 
represent the complete range of reasonable alternatives for Council consideration.  Alternatives 
have been developed primarily to illustrate the initial thoughts of the Salmon Amendment 
Committee (SAC) on how some issues could be addressed, and to stimulate thoughts for 
additional alternatives and topics.  The summary of topics and potential alternatives (see pg 19) 
at the end of this document is based on an assessment tool designed to help identify focus 
requirements and NMFS guidance to consider areas for when starting an FPM FMP amendment 
to address addressing ACL/AM, the new MSA requirements of the MSA, and revised NS1 
Guidelines.  The summary table also includes additional topics for consideration in the 
amendment process, which were identified by the Council during earlier scoping.  Again, this list 
of alternatives in not intended to be comprehensive, rather just a vehicle to set placeholders for 
potential alternatives that should be further investigated.  
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Stock Classification 
The MSA requires that an FMP describe the stocks1 of fish involved in the fishery.  The NS1 
Guidelines provide a structure for classifying stocks in and around the fishery, and organizing 
stock complexes.  These organizing principles are an important first step in developing an FMP 
that is consistent with the NS1 Guidelines since they affect how other key provisions of the MSA 
and NS1 Guidelines may be applied including, for example, Status Determination Criteria 
(SDC), and ACLs and AMs.  In the first sections of this overview on stock classification and 
stock complexes, we describe options for identifying stocks in the fishery organizing the fishery 
including how we might designate target and non-target stocks, and any stocks that could 
potentially be identified as ecosystem component (EC) species, and how we might apply MSA 
“exceptions” for stocks managed under an International Agreement2, and “flexibilities” 3

Categories of Stocks in the NS1 Guidelines 

 that are 
described the NS1 Guidelines.  The purpose of this overview is to summarize the considerations 
and available options to facilitate discussion and the scoping process.  We have not at this point 
tried to describe specific alternatives. 

The NS1 Guidelines recommend that stocks identified in an FMP be classified as in or out of the 
fishery.  Target stocks are in the fishery and some non-target stocks are could also be in the 
fishery; ecosystem components stocks are not.  This classification scheme helps conceptualize 
how the fishery operates, which how stocks are affected by various fishery sectors a fishery, and 
how SDC and ACL provisions may be applied. 

 

                                                 
1 The MSA and NS1 Guidelines refer to species and stock as they may be applied to different fishery situations.  For 
the salmon fishery, we are generally trying to distinguish between stocks of salmon and so generally use that term 
throughout this discussion.  
2 MSA Section 303 note / MSRA Section 104(b)(1) 
3 (NS1Gs, §600.10(h)(3)) 
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Target Stocks 

The current FMP does not distinguish between target and non-target stocks.  All 
stocks currently identified in the FMP are considered to be “in the fishery”.  
Under the NS1 Guidelines target stocks are those that fishers seek to catch for sale 
or personal use (§600.310(d)(3)).  Under to context of the Salmon FMP, these 
stocks could include hatchery and healthy non-ESA-listed natural stocks.  These 
are the stocks that make up most of the catch and are substantially affected by 
Council area fisheries. 

Non-Target Stocks 

Non-target stocks are fish that are caught incidentally during the pursuit of target 
stocks (§600.310(d)(4)).  Some stocks are actively avoided by structuring 
fisheries to reduce impacts, such as reducing impacts from the fishery on ESA 
listed stocks.  Other stocks are passively avoided because they have life history or 
ocean distribution characteristics that reduce their susceptibility in Council area 
fisheries to incidental levels, such as far-north migrating (FNM) stocks.  These 
stocks could be classified as non-target stocks. 

Ecosystem Component Stocks 

Ecosystem component stocks are not considered to be “in the fishery,” and do not 
require specification of references points.  Ecosystem component stocks should be 
non-target stocks; not determined to be subject to overfishing, approaching 
overfished, or overfished; not likely to become subject to overfishing or 
overfished; and not generally retained for sale or personal use.  Occasional 
retention of the stock would not, in itself, preclude consideration of an ecosystem 
component classification (§600.310 (d)(5)). 

Far-North Migrating (FNM) Chinook Stocks 

FNM Chinook are a group of spring and fall stocks from the Oregon and 
Washington coast and Columbia River that are caught primarily in Alaskan, 
Canadian and terminal area fisheries.  They are subject to low impacts in Council 
area fisheries because of their migration timing.  In the current FMP, these stocks 
are designated as “minimal impact stocks” and are thus not subject to the 
procedures related to conservation alerts and overfishing concerns.   

FNM stocks could be classified as ecosystem components because their ocean 
distribution and run timing is such that Council area fisheries cannot target these 
stocks, and they are arguably not generally retained in Council area fisheries.  
FNM stocks can also be distinguished because that have a lower vulnerability 
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than target stocks (and very low compared with other fish stocks), and are not 
likely to become overfished due to the absence of Council area management 
measures. As ecosystem components, reference points (ABC, ACL, SDC, MSY) 
would not be required for these stocks.  As discussed below, some or all of these 
FNM stocks might also be subject to the international exception. 

FNM stocks are present to varying degrees in both PFMC and NPFMC fisheries.  
When stocks occur in more than one fishery, the NS1 Guidelines indicate that the 
Councils should choose which FMP is the primary FMP in which management 
objectives, SDC, the stock’s SDC, the stock’s overall ACL and other reference 
points for the stocks are defined (§600.310(d)(7)).  FNM stocks could be 
designated as primary in the NPFMC Salmon FMP.  Recall that the NPFMC has 
delegated their salmon FMP to the State of Alaska.  The NPFMC is postponing 
consideration of their compliance with the NS1 Guidelines for their salmon FMP 
until after they address this issue for their FMPs for Pollock, crab, and other 
groundfish stocks.  Any decisions that would affect the NPFMC should be 
coordinated between the Councils. 

Flexibility Provisions in the NS1 Guidelines 
In the current FMP, ESA listed stocks and hatchery stocks were granted “exceptions” to the 
procedures related to conservation alerts and overfishing concerns.  The use of the term in the 
FMP is different than in the MSA and NS1 Guidelines, which only allow for “exceptions” from 
the ACL and AM requirements based on the two statutory exceptions: for species with a short 
life cycle (approximately one year) and stocks subject to international fishery agreements.  
Therefore, ESA listed stocks and hatchery stocks that are included in the Council area fisheries 
cannot be “excepted” from these requirements.  However, the NS1 Guidelines do allow for 
“flexibility” in applying the standard approaches set forth in the NS1 Guidelines under limited 
circumstances and specifically refer to species like salmon with unusual life histories, and ESA 
listed species and hatchery stocks.  The Guidelines allow the use of alternative approaches, but 
require that the Councils document how these alternatives are nonetheless consistent with the 
MSA. 

Endangered Species Act (ESA) Listed Stocks 

ESA listed stocks that are incidentally impacted in Council area fisheries could be 
classified as non-target stocks that would be in the fishery, or as ecosystem 
components (i.e., not be in the fishery).  In either case, the incidental impacts to 
ESA listed stocks would still have to be accounted for and would continue to be 
subject to ESA Section 7 consultation.  We think that the “flexibility” provided 
for in the NS1 Guidelines will allow us to continue to deal with ESA listed stocks 
much as we do now in the current FMP.  They will continue to be a primary 
management constraint for all fisheries, but reference points for these stocks will 
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come primarily from ESA related procedures rather than MSA procedures, to 
facilitate their conservation and ultimate recovery. 

ESA consultation standards could serve as SDC for listed stocks. The 
requirements of the ESA are sufficient to meet the intent of the provisions of the 
Magnuson-Stevens Act (MSA) to prevent overfishing, which are structured to 
maintain or rebuild stocks to levels at or above MSY and require the Council to 
identify and develop rebuilding plans for overfished stocks.  The ESA 
consultation and recovery planning process is similarly structured to prevent 
excessive fishing mortality and recover stocks to sustainable levels.  The salmon 
FMP considers consultation standards and recovery plans developed by NMFS for 
listed populations as interim rebuilding plans.  The ESA processes consider 
uncertainty and levels of risk to listed stocks, and therefore the consultation 
standards for Council area fisheries meet the intent of the ACL requirements of 
the MSA. 

 Hatchery Stocks 

Because they are relatively abundant and are the majority of fish caught in 
Council-area fisheries, hatchery stocks would logically be designated as target 
stocks that are in the fishery.  As discussed above, the NS1 Guidelines allow for 
flexibility in how we manage hatchery stocks.  With respect to MSA requirements 
to prevent overfishing, including specification of reference points and AM 
requirements, they can likely be dealt with much as they are in the current FMP.  

Stock Complexes 
The fishery can be further described and organized for management through the use of stock 
complex and indicator stock designations.  Stock complexes are groups of stocks with similar 
geographic distributions, life histories, and vulnerabilities to the fishery (§600.310(d)(8)).  
Indicator stocks are stocks with measurable SDC that can be used to help manage and 
evaluate more poorly known stocks that are in a stock complex (§600.310(d)(9)).  The 
current FMP lists 69 stocks (or stock complexes) including 45 Chinook stocks, 22 coho 
stocks, and 2 pink stocks.  Under the current management process, fishery impacts are 
assessed on most of these stocks individually to determine if its conservation objective is 
projected to be met preseason or if it was met postseason.  The alternatives outlined below 
suggest ways that the stocks could be organized and how indicator stocks might be used to 
facilitate management and the application of SDC and other NS1 Guideline requirements.  
The alternatives describe some of the options, but not all of the possible strata/complex 
combinations. 
 

Atl. 1 – Individual Stocks (Status Quo) 
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The fishery would consist of 69 individual stocks.  Reference points (ABC, ACL, 
etc) would be established for each stock that has a specified conservation 
objective (or ESA consultation standard) and that was not designated as an 
exception to ACLs and AMs requirements under management by international 
agreement.  The NS1 Guideline flexibility provisions would apply for ESA listed 
and hatchery stocks. 

Atl. 2 – Two Stock Complexes4

The fishery would consist of two stock complexes based on stream of origin: 

 

1. Chinook salmon originating in streams south of the U.S./Canada border 
Indicator stocks could include Sacramento River fall Chinook (SRFC), 
Sacramento River winter Chinook (SRWC), California Coastal Chinook 
(CCC), Klamath River fall Chinook (KRFC), Southern Oregon Coastal 
Chinook (SOCC), Lower Columbia River (LCR) and Spring Creek 
Hatchery (SCH) tule Chinook, Lewis River Wild (LRW), Snake River 
Wild (SRW) fall Chinook, and Upper Columbia River (UCR) summer 
Chinook.   

2. Coho salmon originating in streams south of the U.S./Canada border 
Indicator stocks would include Rogue/Klamath (RK), Oregon Coastal 
Natural (OCN), Lower Columbia Natural (LCN) and Washington coastal 
and Puget Sound natural (and Thompson River?) coho. 
 

Alt. 2a – Two stock complexes 

Same as Alt. 2 except the complexes would be defined as Chinook and coho 
harvested in fisheries south of the U.S./Canada border.  This alternative would 
therefore include Canadian Chinook and coho stock complexes in the fishery, 
although they would likely be non-target stocks. 

Atl. 3 – Four Stock Complexes 

The fishery would consist of four stock complexes based on management areas 
and ocean distribution patterns: 

1. Chinook salmon harvested in areas between the U.S./Canada border and 
Cape Falcon, Oregon (Indicator stocks: LCR tules, SCH tules, LRW, 
UCR, SRW) 

2. Chinook salmon harvested in areas south of Cape Falcon, Oregon 
(Indicator stocks: SOCC, KRFC, SRFC, SRWC, CCC) 

                                                 
4 For simplicity, we have deferred further discussion about pink stocks until we make an initial determination about 
their continuing status in the fishery. 
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3. Coho salmon harvested in areas between the U.S./Canada border and Cape 
Falcon, Oregon (Indicator stocks: OCN, LCN, WC, PS, Thompson River? 
coho). 

4. Coho salmon harvested in areas south of Cape Falcon, Oregon (Indicator 
stocks: SONCC, OCN, LCN, WC?, PS?). 
 

Atl. 4 – Five Stock Complexes 

The fishery would consist of five stock complexes: 

1. Chinook salmon originating in streams between the U.S./Canada border 
and Cape Falcon, Oregon that have significant contributions to Council 
area fisheries. (Indicator stocks: LCR tules, SCH tules, LRW, UCR, SRW) 

2. Chinook salmon originating in streams south of Cape Falcon, Oregon that 
have significant contributions to Council area fisheries (Indicator stocks: 
SOCC, KRFC, SRFC, SRWC, CCC) 

3. Chinook salmon originating in streams south of the U.S./Canada border 
that do not have significant contributions to Council area fisheries but are 
managed under the PST.  This complex would be comprised of stocks 
with a lower vulnerability index than stocks targeted in Council area 
fisheries. 

(Indicator stocks: PST stocks, i.e., FNM summer/fall Chinook 
stocks from PS, WC, CR, NOC, and MOC). This stock complex 
could be managed primarily under the NPFMC salmon FMP or be 
designated as an exception by virtue of being managed under an 
international agreement. 

4. Chinook salmon originating in streams south of the U.S./Canada border 
that do not have significant contributions to Council area fisheries and are 
not managed under the Pacific Salmon Treaty.  This complex would be 
comprised of stocks with a lower vulnerability index than stocks targeted 
in Council area fisheries. 

(Indicator stocks: i.e., spring Chinook stocks from PS, WC, CR, 
NOC, and MOC - FNM stocks represented in FRAM). These 
stocks could be classified as ecosystem components. 

5. Coho salmon originating in streams south of the U.S./Canada border 
(same as Alt 2 above). 

Status Determination Criteria - SDC 
Status determination criteria are required by the MSA to be objective and measureable and the 
NS1 Guidelines state that SDC must be expressed in a way that enables the Council to monitor 
each stock or stock complex in the FMP, and determine annually, if possible, whether 
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overfishing is occurring and whether the stock or stock complex is overfished 
(§600.310(e)(2)(ii)). 

Overfished 
The NS1 Guidelines define “overfished” as a situation in which a stock’s “Biomass has declined 
below a level that jeopardizes the capacity of the stock or stock complex to produce MSY on a 
continuing basis.”  The use of different control rules for different stocks can be problematic 
when setting criteria for overfished status.  For example, exploitation rate based control rules 
may need different criteria than biomass based control rules.  A description of currently used 
control rules is included in Attachment 1. 

Determining whether a salmon stock is “overfished” is also complicated by the fact that brood 
failures are not uncommon due to environmental conditions, even for productive salmon 
populations.  Therefore, the criteria for overfished status should reflect real risk to the productive 
capacity of the population from low and/or sustained stock depression as opposed to natural 
variation.   

Atl. 1 – Three years of not meeting conservation objective (Status Quo) 

The FMP currently defines an overfishing concern as failure to achieve a stock’s 
conservation objective for three consecutive years. If this occurs, the FMP 
requires an assessment to be completed within one year to determine the cause of 
the overfishing concern, if the concern has affected the long-term productivity of 
the stock, and if further action is necessary to rebuild the stock.  For the purpose 
of periodic reports to Congress on the status of stocks, NMFS has interpreted an 
overfishing concern as equivalent to the stock being overfished. 

This is a very conservative approach; potentially a stock with a conservation 
objective based on MSP could fail to meet its objective for three consecutive 
years, be considered overfished, and possibly subject to overfishing (see status 
quo below), and still have achieved BMSY.  This is one reason the FMP requires an 
assessment prior to declaring the stock overfished. 

Alt. 2 – NMFS Interpretation of Status Quo 

Similar to Alt. 1 except that the overfishing concern would explicitly state that the 
stock was overfished if it failed to meet its conservation objective in three 
consecutive years. 

Alt 4 – MSST - Abundance <BX. 

This alternative would establish a stock size that would trigger the overfished 
status in a single year, similar to the groundfish MSST of B25%.  The level could 
be based on spawning biomass or ocean recruits, but should be associated with 
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some potential decline in stock productivity.  The NS1 Guidelines recommend 
one possibility as ½ BMSY.  Currently MSST is essentially MSY or its proxy, but 
overfished status is not conferred until after three consecutive years. 

Alt 4a – MSST – Average Abundance <BX. 

This alternative would require a geometric or arithmetic mean (or other aggregate 
measure) of stock size less over a period of years (e.g., three years) be than some 
level to confer an overfished status.  This would help ensure that the status was 
not the result natural variation in stock abundance.  

 Alt 4b – MSST – Abundance < Bx for three consecutive years 

This alternative would require stock size to be below a preset MSST level for 
three consecutive years to confer an overfished status. 

Overfishing 
The NS1 Guidelines recommend two alternative criteria for determining when a stock or stock 
complex is subject to overfishing:  1) when the MFMT is exceeded for one year or more; or 2) 
when the catch exceeds the overfishing limit (OFL); however the NS1 Guidelines also allow 
some flexibility in application of SDC for species with unusual life history characteristics like 
salmon.  Below are some options for defining overfishing in the salmon FMP. 

Alt 1 – Ft>0 and Bt<BMSY or if Ft>FMSY (Status Quo) 

If a stock failed to meet its conservation objective in a season in which fishing 
impacts occurred, then overfishing would have occurred. This was the definition 
used by the STT in the Klamath overfishing assessment.  These criteria have only 
been applied when an overfishing concern has been triggered because MSY is 
defined as an average value, and therefore some escapement values less than 
MSY are to be expected.  

Alt. 2 – Ft>FMSY or FCONTROL RULE 

Overfishing would be defined as a rate as opposed to an event or a biomass 
measure (Alt 1). 

Rebuilding - Optional 
The MSA does not require that an FMP include specific criteria for rebuilding and rebuilt stock 
status for species that are not overfished or approaching an overfished condition.  However, 
specification of such criteria could lead to clearer decision points and more streamlined reporting 
of status.  This may be especially advantageous for salmon because their high productivity often 
results in quick recovery from low stock sizes.  Frequently, stocks have recovered before criteria 
can be developed, and considerable time can wasted in rebuilding efforts.   
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Alt 1 – Postseason - Bt≥BCONTROL RULE or Ft≤FCONTROL RULE  

If a stock meets its conservation objective (MSY or rebuilding schedule) but is 
not yet rebuilt, then its status would be rebuilding.  This would apply to a 
rebuilding schedule adopted in a rebuilding plan as well.  This was the criterion 
used for Klamath River fall Chinook in the NMFS report to Congress.   

Alt 2 - Postseason – MSST < Bt < BMSY) 

If a stock was above its MSST but had not yet achieved its conservation objective, 
it would be classified as rebuilding. 

Alt 3 – Undefined 

This SDC could be left undefined in the FMP and deferred to a rebuilding plan or 
overfishing assessment. 

Rebuilt - Optional 
Alt 1 – Postseason - Bt≥BMSY or Ft≤FMSY (Status Quo) 

The default criterion in the FMP for a stock to be rebuilt is achieving its 
conservation objective in a single year. This is the default criterion in the current 
FMP.   

Alt 2 - Postseason –  Bt t≥ BMSY 

If fishing mortality rate in not a proxy for stock status (i.e., abundance), the 
criteria would have to be based on a measure of biomass. 

Alt 3 – Undefined 

This SDC could be left undefined in the FMP and deferred to a rebuilding plan or 
overfishing assessment.  This is optional in the current FMP 

SDC for ESA Listed Stocks 
ESA consultation standards could serve as SDC for listed stocks. The requirements of the ESA 
are sufficient to meet the intent of the provisions of the Magnuson-Stevens Act (MSA) to prevent 
overfishing, which are structured to maintain or rebuild stocks to levels at or above MSY and 
require the Council to identify and develop rebuilding plans for overfished stocks.  The ESA 
consultation and recovery planning process is similarly structured to prevent excessive fishing 
mortality and recover stocks to sustainable levels.  The salmon FMP considers consultation 
standards and recovery plans developed by NMFS for listed populations as interim rebuilding 
plans.  The ESA processes consider uncertainty and levels of risk to listed stocks, and therefore 
the consultation standards for Council area fisheries meet the intent of the ACL requirements of 
the MSA. 
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Acceptable Biological Catch, Annual Catch Limits, and Accountability 
Measures – ABC, ACLs, and AMs 
The MSA and NS1 guidelines require specification of several reference points and associated 
control rules that are designed to ensure that overfishing does not occur and that stocks are not 
overfished.  How ACL, AM, and other key reference points are defined will depend on other 
interrelated decisions regarding, for example, stock classification and stock complexes.  These 
reference points will also be closely related to definitions of SDC.  The following discussion 
therefore provides an overview of the considerations.  It also highlights details related to 
management South of Cape Falcon that may be problematic.  

The amended salmon plan will require more specific definitions for several key reference points 
including Optimum Yield (OY), Overfishing Limit (OFL), Allowable Biological Catch (ABC), 
Annual Catch Limit (ACL), and the ACL’s corresponding Accountability Measures (AMs).  In 
addition, the MSA now requires that the Council’s Scientific and Statistical Committee (SSC) 
recommend an ABC using an ABC control rule; the amendment should address alternatives for 
the process to comply with this requirement.  The NS1 Guidelines explain that specification of 
ABC should account for scientific uncertainty …. 

Some of the key reference points include: 

MSY – the largest long-term average catch under prevailing environmental conditions; 

OY – the amount of catch that provides the greatest overall benefit to the nation and is prescribed 
based on MSY reduced by relevant economic, social or ecological factors; 

OFL – the amount of catch above which overfishing is occurring; 

ABC –the amount of catch that accounts for scientific uncertainty in the estimate of OFL; 

ACL – ACL serve as the basis for invoking AMs; ACL cannot exceed ABC, but may be divided 
into sector ACL;  

ACT – the amount of catch that is the management target for the fishery and accounts for 
management uncertainty to control catch to levels that are at or below ACL; 

AM – management controls designed to prevent ACLs from being exceeded. 
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There is a specific hierarchy here with ACT≤ACL≤ABC≤OFL.  It will be necessary to expl ain 
how the fishery operates to achieve OY, along with the safeguards that are included to account 
for scientific and management uncertainty to insure that overfishing does not occur.  An example 
is provided using Chinook to illustrate how the fishery could be structured.  To keep the example 
simple, it does not try to address all of the complications that would be needed in a fully 
developed alternative.   

ACL 
In this example, the Chinook fishery is divided into two stock complexes, north and south of 
Cape Falcon.  Each complex has several indicator stocks (see Alt. 3 under Stock Complexes 
above).  Much of the conservatism in the NS1 Guidelines is already built in to the FMP and 
associated management system.  For example: 1) many of the stock-specific conservation 
objectives are designed to achieve maximum sustained production (MSP), which is more 
conservative than MSY; 2) these are mixed stock fisheries with many potentially constraining 
stocks.  A few weak stocks will constrain the fisheries in a particular year, with the remaining 
stocks consequently subject to less harvest than could be allowed; 3) quota management north of 
Cape Falcon provides inseason management control and thus helps to insure that the ACL is not 
exceeded; 4) if a stock fails to meet its conservation objective in any year, the FMP provides 
immediate corrective action (AM) by limiting fisheries to meet the conservation objective in the 
following year. 

In this example, ABC and ACL are defined for the stock complexes.  ABC could be set equal to 
the sum of the harvestable surpluses of all modeled stocks in each complex.  The ACL would be 
set equal to the surplus that is available when SDC constraints on indicator stocks are reached.  
For example, south of Cape Falcon, in a typical year there are surplus SRFC available for 
harvest, but the fishery is constrained by KRFC and/or CC Chinook.  The ABC would be all the 
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fish that could be harvested given the stock specific conservation objectives; the ACL would be 
the amount of catch that could be realized given the mixed stock fishery constraints.   

This particular example highlights differences in management in the fisheries north and south of 
Cape Falcon.  Fisheries north of Cape Falcon rely on quotas; fisheries South of Falcon generally 
do not.  The NS1 Guidelines indicate that FMPs should include inseason monitoring and 
management measures to prevent catch from exceeding ACLs.  Quotas provide a type of 
inseason AM.  For fisheries without inseason management control to prevent the ACL from 
being exceeded, the NS1 Guidelines indicate that AMs should utilize ACT’s that are set below 
ACLs so that catches do not exceed the ACL.  The Council will have to consider whether the 
current management system south of Cape Falcon is sufficiently conservative to address the NS1 
Guidelines.  There are relatively few indicator stocks in the area with SRFC and KRFC being the 
principle drivers.  The circumstances related to KRFC result in the catch being fully allocated 
between ocean and river fisheries.  Therefore, we typically attempt to manage down to the 
spawner escapement floor, which means that the probability of missing the floor is arguably 50 
percent every year.  Review of the track record for KRFC escapement indicates that the spawner 
escapement floor has been missed about half the time. 

So far, the thinking of the Salmon Amendment Committee is that most of the recommendations 
of the NS1 Guidelines related to ACLs and AMs can be addressed, although it will require a 
substantial rewrite of the current FMP.  The area that is most problematic is whether the South of 
Falcon fisheries adequately address the ACL and AM requirements.  Alternatives that should be 
considered include status quo management, greater reliance on buffers (i.e., ACT) when setting 
ACLs, and the use of quotas in the South of Falcon fisheries. 

AM 
AM are management controls to prevent ACL from being exceeded, and to correct or mitigate 
overages of the ACL if they occur. AM are intended to minimize the frequency and magnitude of 
overages, and correct any problems that caused the overage.  They can be categorized as either 
inseason or postseason AM. 

There are no measures in the FMP identified currently as AM however, a number of actions meet 
the definition of inseason AM: inseason closure authority, mixed stock quota monitoring, quota 
partitioning, quota trading, allocation schedules, changes to gear/bag/size/trip limits, boundary 
modifications, landing restrictions, and reporting requirements.  There are also a number of 
actions that meet the definition of postseason AM: annual SAFE document, overfishing concern 
assessment, conservation alert assessment, EFH assessment, notice to state/tribal managers, and 
the methodology review.  Depending on the alternatives for ACL, other AM may be necessary to 
meet the intent of the MSA.  For example, ACL for individual stocks may require inseason 
genetic stock identification (GSI) monitoring. 
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Stocks Potentially Excepted from Specification of ACLs, ABC, and AMs  
The MSA included an exception from the ACL and AM requirements for stocks or stock 
complexes managed under an international agreement, and the NS1 Guidelines state that for 
internationally-assessed stocks, specification of ABC is not required if they meet the MSA 
international exception (§600.310(f)(3)).  The Pacific Salmon Treaty (PST) clearly qualifies as 
an international agreement.  Whether the international exception should be applied to a particular 
stock requires consideration of the details of the agreement and how it affects that stock.  The 
following criteria can be used to help evaluate whether it is appropriate to use the international 
exception for a stock: 

• Is harvest of a stock subject to management under an international agreement; 
• Can the Council area fisheries alone make any measurable progress towards ending 

overfishing; 
• Does the international agreement provide a level of protection that is equivalent to MSA 

requirements; 
• Is there something in the international agreement that would preclude the U.S. from 

taking conservation actions that might be needed to address MSA requirements; 
• Would U.S. fishermen be disadvantaged as a result of applying the ACL requirements to 

only the U.S. portion of the catch? 
 

PST Chinook Stocks – U.S. Origin 

There are several summer and fall Chinook stocks from Washington, Oregon, and 
the Columbia River that are in the FMP and also addressed in the Pacific Salmon 
Treaty (PST) Agreement.  These stocks are involved in the Council area fishery, 
but might be designated as non-target stocks because they are impacted at low 
levels in Council area fisheries (<5% adult equivalent [AEQ] exploitation 
rate[ER]).  The international exception could potentially be applied to these stocks 
because they are managed under the PST Agreement.    

PST Chinook Stocks – Canadian Origin 

Two Chinook stocks (or stock complexes) listed in the FMP originate in Canada, 
are addressed in the PST, and are logical candidates for the ACL exception under 
the international agreement, particularly since the PST places responsibility for 
conservation measures beyond those required by the PST on the country of origin.  
Another possibility would be to eliminate the Canadian stocks from the list of 
stocks that are in the FMP and considered in the fishery, particularly if a stock 
complex was designated based on stream of origin rather than management area.  
However, at least one of the stocks in the Fraser River stock complex is a 
significant contributor to the Council area fisheries off Washington. 
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PST Coho Stocks – U.S. Origin 

Puget Sound and Washington north coastal coho are managed under provisions of 
the PST, which contains conservation objectives that differ from the FMP 
objectives.  The state and tribal co-managers are pursuing a resolution to the 
discrepancy for at least some of those stocks.  Pending the outcome of those 
efforts, some or all of these stocks could be excepted from the ACL requirement 
because they are managed under an international agreement. 

PST Coho Stocks – Canadian Origin 

Two coho stocks (or stock complexes) listed in the FMP originate in Canada, and 
are logical candidates for ACL exception under the international agreement.  
Another possibility would be to eliminate the Canadian stocks from the list of 
FMP stocks (i.e., they would no longer be considered “in the fishery”); however, 
one stock (Thompson River) in the Fraser River complex is a significant 
constraint in Council area fisheries.  Therefore, designating Canadian coho stocks 
as non-target stocks in the fishery in Council area fisheries may be appropriate to 
facilitate better monitoring and compliance with the PST. 

Pink Stocks 

There are two pink stock complexes in the current FMP, Puget Sound and Fraser 
River.  Pink salmon are caught incidentally in fisheries in northern Washington 
that are directed at Chinook and coho, although pinks are targeted on occasion.  
The pink stocks may also be a logical candidate for applying the ACL exception 
under the international agreement since they are also subject to management 
under the PST Agreement.  

Conservation Objectives 
Several of the current conservation objectives should be reviewed and updated.  As part of this 
scoping process, it will be important to decide whether conservation objective updates will be 
considered during this amendment process.  If not, it would be useful to develop a priority list for 
the review of conservation objectives and a time line for making those changes. 

Most stocks listed in the FMP have a quantified conservation objective, either explicit (e.g., 
122,000-180,000 SRFC) or implicit (e.g., ESA consultation standard).  The FMP provides a 
mechanism for updating most conservation objectives without a formal FMP amendment, 
requiring only review and agreement by the SSC and STT, and approval by the Council.  The 
one exception is that the spawning escapement floor for Klamath River fall Chinook (KRFC) can 
only be changed by plan amendment.  Amendment 14 to the FMP noted several stocks that were 
anticipated to have conservation objectives updated.  However, since that time, only two stocks, 
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OCN coho and KRFC have had their conservation objectives reviewed, and neither of these was 
formally revised.  

The stocks that may have outdated conservation objectives listed in the FMP include Puget 
Sound5 and Washington coastal coho, OCN coho, several Washington coastal Chinook stocks, 
several Columbia River Chinook stocks, and Oregon coastal Chinook6

The conservation objectives in the current FMP for Washington coast and Puget Sound Chinook 
and coho stocks include references to relevant U.S. District Court orders in U.S. v. Washington 
and Hoh v. Baldrige court orders that allow for changes in escapement related conservation 
objectives in a particular year if agreed to by WDFW and the relevant treaty tribes.  This 
language should also be reviewed as it seems inconsistent with current management practice for 
at least some of the affected stocks.  For example, Puget Sound coho if they managed under the 
PST Agreement using a variable, abundance based exploitation rate strategy.  The conservation 
objectives for Puget Sound Chinook refer to ESA related consultation standards and MSP 
escapement goals with language in the FMP that allows for annual adjustment of management 
targets.  Recent consultation standards may supersede some of the details described in the FMP. 

.  Conservation objectives 
for SRFC and KRFC are dated and there is new information that suggests the need for review 
and possible revision of these objectives (e.g., more recent MSY spawning escapement estimate 
of 40,700 for KRFC).  The NS1 Guidelines state that management measures and reference points 
to implement NS1 must be based on the best scientific information available, consistent with 
MSA National Standard 2 (§600.310(l)(1)).  Also, given the importance of these stocks to 
management, their review should at least be set as a high priority.  Conservation objectives for 
ESA listed stocks are developed through the ESA section 7 consultation process; some of these 
may also be due for reconsideration.   

De minimis fishing provisions 
The FMP currently provides that upon the triggering of a conservation alert for a stock, the 
Council will close salmon fisheries within its jurisdiction that impact that stock.  Such closures 
occurred in 2008 and 2009 because of the status of SRFC.  However, for most stocks listed in the 
                                                 
5 Conservation objectives for Puget Sound coho stocks will be presented to the Council via the Methodology Review 
process.  There will be a Co-Manager presentation of the current tiered harvest rate method that has been 
implemented in Puget Sound as a result of the PST.  This method has been in use by the co-managers for the past 10 
years or so but has never been formally incorporated into the FMP.  If adopted, this method will update the 
conservation objectives for Puget Sound coho stocks and incorporate them into the revised FMP. 
 
6 ODFW is in the process of doing stock recruitment analyses and developing escapement goals for Oregon coastal 
Chinook stocks.  A Rogue River fall Chinook SMU Conservation Plan is scheduled to be completed this fall along 
with the other stocks in the South Oregon Coast (SOC) river systems.  The stocks in the North Oregon Coast (NOC) 
river systems will be done this winter.  The stocks in the mid-Oregon Coast (MOC) river systems are scheduled to 
be done in the summer of 2010.               
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FMP some form of de minimis fishing may occur even if a conservation alert is triggered.  De 
minimis fishing provisions allow some low level of harvest when a stock is depressed to allow 
access to available harvest of healthy stocks.  

Because de minimis fishing provisions involve two aspects of the FMP (conservation objectives 
and overfishing criteria) it is important to understand how the FMP might be changed or 
amended to accommodate such provisions, and how changes to either aspect could affect 
existing provisions.  Similarly, because this FMP amendment will consider alternatives to the 
current SDC (overfishing criteria), it is important to understand how SDC are related to 
conservation objectives and de minimis fishing provisions. 

Some de minimis fishing provisions are inherent in conservation objectives, in particular, those 
based on exploitation rates like OCN coho, which have no spawning escapement floor.  Others 
are exceptions to conservation alert actions, such as those for KRFC and Washington coast coho.  
There are few stocks lacking any mechanism to allow de minimis fishing impacts without use of 
an emergency rule to implement management measures, and for only one of those stocks, 
Sacramento River fall Chinook (SRFC) is a preseason forecast available that can trigger a 
conservation alert.  Oregon coastal Chinook have a conservation objective with a clear floor but 
no means for a preseason forecast; therefore, the stock cannot be projected to fall below its 
conservation objective, and thus trigger a conservation alert and the associated fishery closure.  
SRFC therefore, stands out as the only stock in the FMP likely to require a fishery closure 
pursuant to a conservation alert. 

Changing a stock’s conservation objectives from a spawning escapement to an exploitation rate 
(without an escapement floor) is one alternative for allowing de minimis fishing impacts.  This 
allows the new objective to reflect the stock’s unique characteristics, although the analyses 
needed to support the change may be more complicated.  However, the process to incorporate the 
change into the FMP is fairly straightforward, only requiring review and approval by the STT, 
SSC, and Council.  This is similar to, and typically coincident with, the salmon methodology 
review process.  Another potential complication of this approach would be to establish biomass 
based SDC. 

Changing the Council action required when a conservation alert is triggered is another 
possibility.  The current requirement to close Council area fisheries could be changed to reduce 
impacts to a specified level, for example to no less than half or 2/3 BMSY, or no more than an 
AEQ ER of 10 percent.  This approach could be used on a stock specific basis or as a blanket 
policy.  Currently, the requirement to close Council area fisheries is a blanket policy with 
exceptions listed for KRFC, stocks subject to U.S. v. Washington or Hoh v. Baldrige court 
orders, ESA listed stocks, stocks with a base period exploitation rate of less than 5 percent, and 
hatchery stocks.  The two former exceptions are currently specific to the conservation alert 
action, and allows for de minimis fishing impacts on a year to year basis; however those stocks 
are still subject to status determination for when the stock triggers an overfishing concern.  When 
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an overfishing concern is triggered, an assessment of the cause and recommendations for 
rebuilding are to be developed, which may or may not allow for de minimis impacts.  The latter 
three exceptions are for all overfishing criteria (conservation alert and overfishing concern), and 
are indeterminate in length.  The MSA has specific requirements for exceptions and flexibility in 
application of ACL/AM; therefore, the current FMP provisions may need revision to comport 
with the MSA requirements. 
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Summary of Topics and Potential Alternatives  
for Salmon FMP Amendment 16 Scoping  

An amendment for incorporating MSA requirements from the 2007 amendments, and for consistency with the 2009 
revised National Standard 1 Guidelines (CFR section 600.310). 

I. Stock Classification Section 600.310(d) 

Stock Classification: Potential Alternatives 

Stocks considered “in the 
fishery” 

• Status quo: All stocks currently listed in the FMP are considered “in the 
fishery” 

• All stocks currently listed in the FMP, except those impacted less than [?]% 
by PFMC fisheries, will be considered “in the fishery” 

• Others? 
• Only the following stocks will be considered “in the fishery”: 

o KRFC, etc etc. 
Potential “Ecosystem 
components (EC)” 1 

• Status quo: No EC species are currently identified 
• The following stocks will be considered EC species based on vulnerability 

to experiencing overfishing and becoming overfished due to PFMC 
fisheries:  

o Far north migrating Chinook stocks with Council area base period 
exploitation rates of less than 5 percent. 

 

Stock Complexes: Potential Alternatives 

Potential stock complexes2, 
and any indicator stock(s)1  

• Status quo: existing complexes are based on species, geography, and river 
of origin and indicators stocks are identified for data-poor stocks.  

• Complexes will be defined as currently organized and for purposes of 
setting the ACL complexes will also be based on species: one Chinook 
complex, one coho complex, one pink complex. 

• Complexes will be defined for purposes of setting the ACL and will be 
based on species and management zone relative to Cape Falcon, OR:  

o Chinook North of Falcon 
o Chinook South of Falcon 
o Coho North of Falcon 
o Coho South of Falcon 
o Pink North of Falcon??? 

• Complexes will be defined for purposes of setting the ACL and will be 
based on species, management zone relative to Cape Falcon, OR:, and stock 
vulnerability  

o Chinook North of Falcon 
o Chinook South of Falcon 
o PST Chinook Stocks 
o Far north migrating spring Chinook stocks 
o Coho North of Falcon 
o Coho South of Falcon 
o Pink North of Falcon??? 

•  Other? 
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II. Reference Points and Status Determination Criteria (SDC) Section 600.310(e) 
and Section 600.310(f) 

Reference Points and SDC: Potential Alternatives  

MSY3 • Status quo:  MSY and MSY proxies are specified based on best available science 
and indicator stocks are used for data-poor stocks.  

• Other? 
• For ESA listed stocks in the FMP, the “flexibility provision” of the NS1 Guidelines 

(600.310 (h)(3)) will be utilized and specification of all MSA-required reference 
points will be deferred until such time that the stocks are de-listed; in the interim, 
ESA consultation standards will be used to ensure the stocks’ conservation and 
management.  

• For hatchery stocks as defined in FMP Table 3-1, the “flexibility provision” of the 
NS1 Guidelines (600.310 (h)(3)) will be utilized and hatchery goals will serve as 
the conservation objective, but these stocks will not be subject to requirements for 
specification of MSY. 

OFL1 • Status quo:  No OFL is specified for any stock or complex.  
• OFL would be specified as annual amount of catch that corresponds to the estimate 

of MFMT applied to a stock or stock complex’s abundance and is expressed in 
terms of numbers or weight of fish.  

• Other? (something based on spawning escapement?) 
ABC4 • Status quo: ABC is not currently a reference point used for salmon.  

• ABC will be specified for each stock as the stock’s annual catch that accounts for 
the scientific uncertainty in the estimate of OFL and any other scientific 
uncertainty.  

• ABC will be specified for each complex as the complex’s annual catch that 
accounts for the scientific uncertainty in the estimate of OFL and any other 
scientific uncertainty.  

• ABC will be specified for each stock as the stock’s annual spawning escapement 
that accounts for the scientific uncertainty in the estimate of OFL and any other 
scientific uncertainty.  

• ABC will be specified for each complex as the complex’s annual spawning 
escapement that accounts for the scientific uncertainty in the estimate of OFL and 
any other scientific uncertainty.  

• Other?? 
• For ESA listed stocks in the FMP, the “flexibility provision” of the NS1 Guidelines 

(600.310 (h)(3)) will be utilized and specification of all MSA-required reference 
points will be deferred until such time that the stocks are de-listed; in the interim, 
ESA consultation standards will be used to ensure the stocks’ conservation and 
management. 

• For hatchery stocks as defined in FMP Table 3-1, the “flexibility provision” of the 
NS1 Guidelines (600.310 (h)(3)) will be utilized and hatchery goals will serve as 
the conservation objective, but these stocks will not be subject to requirements for 
specification of ABC. 
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ABC Control 
Rule 

Status quo:  Currently, there is no “ABC control rule” used, nor an ABC; however, 
the stock specific conservation objectives are considered MSY control rules.  

Options for an ABC control rule:  

• Sum of harvestable surplus from all stocks (ABC=OFL) 
• Blanket buffer applied to OFL (ABC<OFL) 
• Buffer adjusted for data quality (ABC<OFL) 
• Conservation objectives based on MSP, habitat seeding, stepped exploitation rate, 

etc. that are more conservative than MSY (ABC<OFL) 
Options for who applies the ABC control rule and makes the recommendation: 

• The SSC will approve the methods to compute the ABC control rule, the STT will 
apply the ABC control rule to identify the ABC, and make the ABC 
recommendation to the Council.  

• The SSC will approve the methods to compute the ABC control rule, the STT will 
apply the ABC control rule to identify the ABC, have it certified by the SSC, and 
make the ABC recommendation to the Council.  

• The SSC will approve the methods to compute the ABC control rule, the STT will 
apply the ABC control rule to identify the ABC, and the SSC will make the ABC 
recommendation to the Council.  

• ??? 
ACL4 • An ACL will be based on catch and specified for each stock.  

• An ACL will be based on spawning escapement and specified for each stock.  
• An ACL will be based on catch and specified for each complex, but not for each 

stock.  
• An ACL will be based on catch and specified for each complex, and for each 

indicator stock.  
• An ACL will be based on spawning escapement and specified for each indicator 

stock.  
• ??? 
• For ESA listed stocks in the FMP, the “flexibility provision” of the NS1 Guidelines 

(600.310 (h)(3)) will be utilized and specification of all MSA-required reference 
points will be deferred until such time that the stocks are de-listed; in the interim, 
ESA consultation standards will be used to ensure the stocks’ conservation and 
management. 

• For hatchery stocks as defined in FMP Table 3-1, the “flexibility provision” of the 
NS1 Guidelines (600.310 (h)(3)) will be utilized and hatchery goals will serve as 
the conservation objective, but these stocks will not be subject to requirements for 
specification of ACL. 

Potential 
relationship(s) 
between   
OFL, ABC, 
and ACL 

• ACLcomplex<ABCcomplex=OFLcomplex 
• ACLcomplex=ABCcomplex<OFLcomplex 
• ACLcomplex<ABCcomplex<OFLcomplex 
• ACLstock<ABCstock=OFLstock 
• ACLstock=ABCstock<OFLstock 
• ACLstock<ABCstock<OFLstock 
• ? 
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OY3 • Status quo: OY is currently defined in the FMP as “The optimum yield to be 
achieved for species covered by this plan is the total salmon catch and mortality 
(expressed in numbers of fish) resulting from fisheries within the EEZ adjacent to 
the States of Washington, Oregon, and California, and in the waters of those states 
(including internal waters), and Idaho, that, to the greatest practical extent within 
pertinent legal constraints, fulfill the plan’s conservation and harvest objectives. 
The subsequent catch and mortality resulting under the Council’s management 
recommendations will embody the optimum yield and will be equal to or less than 
MSY from the fishery.  The level of total allowable harvest, the relative harvest 
levels in various management areas, and the species and stock composition of 
optimum yield will vary annually, depending on the relative abundance and 
distribution of the various stocks and contingencies in allocation formulas.”  

• Revise the language in the FMP to describe that OY is based each year on the 
harvest allowable limited by the weakest stock(s).  

SDC for 
determining 
overfishing: 

F > MFMT 

Or  

Annual catch 
> OFL 

• Status quo: not explicit in FMP, but recently defined by STT for KRFC as 
spawning escapement < conservation objective for three consecutive years and, in 
at least one of the three years, due to fishing mortality.  

• Overfishing will be determined at the stock level. 
• Overfishing will be determined at the complex level.  
• Overfishing will be determined as F > MFMT annually.  
• Overfishing will be determined as F > FMSY annually. 
• Overfishing will be determined as actual catch > OFL annually. (if not OFL, then 

ABC or MSY?) 
• Overfishing will be determined as spawning escapement < conservation objective 

annually.  
• Other? (options for the three year time series here too?) 
• For ESA listed stocks in the FMP, the “flexibility provision” of the NS1 Guidelines 

(600.310 (h)(3)) will be utilized and MSA-required status determinations will be 
deferred until such time that the stocks are de-listed; in the interim, ESA 
consultation standards will be used to ensure the stocks’ conservation and 
management. 

• For hatchery stocks as defined in FMP Table 3-1, the “flexibility provision” of the 
NS1 Guidelines (600.310 (h)(3)) will be utilized and hatchery goals will serve as 
the conservation objective, but these stocks will not be subject to requirements for 
status determination criteria for overfishing. 

MFMT2 • Status quo: Currently not formally specified, but has recently been interpreted as a 
stock not meeting its conservation objective for three consecutive years. 

• MFMT will be specified for each stock as not meeting its conservation objective 
annually.  

• MFMT will be specified for each stock as not meeting its conservation objective for 
three consecutive years.  

• MFMT will be specified for each stock as the level of fishing mortality (F), on an 
annual basis, above which overfishing is occurring, and will be expressed as a 
single number (a fishing mortality rate or F value), and/or as a function of spawning 
biomass.  

• MFMT will be specified for each stock as the level of fishing mortality (F), on an 
annual basis, above which overfishing is occurring, and will be expressed as …(a 
measure of reproductive potential). 

• Other?  
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• For ESA listed stocks in the FMP, the “flexibility provision” of the NS1 Guidelines 
(600.310 (h)(3)) will be utilized and specification of all MSA-required reference 
points will be deferred until such time that the stocks are de-listed; in the interim, 
ESA consultation standards will be used to ensure the stocks’ conservation and 
management. 

• For hatchery stocks as defined in FMP Table 3-1, the “flexibility provision” of the 
NS1 Guidelines (600.310 (h)(3)) will be utilized and hatchery goals will serve as 
the conservation objective, but these stocks will not be subject to requirements for 
specification of MFMT.  

SDC for 
overfished: 

MSST2 

• Status quo: Currently not formally specified, but has recently been interpreted as a 
stock not meeting its conservation objective for three consecutive years.  

• MSST will be specified for each stock as not meeting its conservation objective for 
three consecutive years.  

• MSST will be specified for each stock as ½ of its BMSY or BMSY proxy annually.  
• MSST will be specified for each stock as not meeting ½ of its BMSY or BMSY proxy 

for three consecutive years.  
• MSST will be specified for each stock as three year average of 2/3 of its BMSY or 

BMSY proxy annually. 
• MSST will be specified for each stock as three consecutive years not meeting its 

conservation objective and experiencing a significant downward trend. 
• Other? (any options where the time would be different for Chinook vs. coho?) 
• For ESA listed stocks in the FMP, the “flexibility provision” of the NS1 Guidelines 

(600.310 (h)(3)) will be utilized and specification of all MSA-required reference 
points will be deferred until such time that the stocks are de-listed; in the interim, 
ESA consultation standards will be used to ensure the stocks’ conservation and 
management. 

• For hatchery stocks as defined in FMP Table 3-1, the “flexibility provision” of the 
NS1 Guidelines (600.310 (h)(3)) will be utilized and hatchery goals will serve as 
the conservation objective, but these stocks will not be subject to requirements for 
status determination criteria for overfished and specification of MSST. 

• Others? 
Conservation 
Objective5 

• Status quo: The conservation objective is a currently specified for each stock based 
on MSY, MSP, and/or FMSY and is used for constraining harvest and SDC.  

• The conservation objective will be specified for each stock based on a stock’s MSY 
or MSY proxy or MSP (??).  

• The conservation objective will be specified for each stock based on a stock’s ABC. 
• The conservation objective will be specified for each stock based on a stock’s ACL. 
• The conservation objective will be specified for each stock based on the stock 

complex’s ACL. 
• For ESA listed stocks in the FMP, the “flexibility provision” of the NS1 Guidelines 

(600.310 (h)(3)) will be utilized and ESA consultation standards will serve as the 
conservation objective.  

• For hatchery stocks as defined in FMP Table 3-1, the “flexibility provision” of the 
NS1 Guidelines (600.310 (h)(3)) will be utilized and hatchery goals will serve as 
the conservation objective, but these stocks will not be subject to requirements for 
reference points … .  

• Others? 
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III. Annual Catch Limits (ACLs) 4  

ACLs: Potential Alternatives 

Stocks subject to the MSA annual life 
cycles exception  

• None 

Stocks managed under an 
international agreement to which the 
U.S. is a party, thus proposed to be 
subject to the MSA international 
exception.  

• PST Chinook stocks 
• PST coho stocks 
• Canadian Chinook stocks 
• Canadian coho stocks 

ACLs will likely be specified:  • Annually 

Potential for the stocks’ or 
complexes’  to be subdivided into 
sector-ACLs (e.g. commercial and 
recreational fishing sectors) 

• Non-Indian commercial, recreational 
• Quota transfers allowed or not allowed between sector 

ACL? 

Potential for the stocks’ or 
complexes’ ACLs to be subdivided 
into Federal, state, and/or tribal sub-
ACLs 

• Treaty Indian, Non-Indian 
• North of Cape Falcon, South of Cape Falcon 
•  

 

V.  Accountability Measures (AMs) 4  

AMs: Potential Alternatives 

AM-like measures currently in the 
FMP that are potential ‘inseason 
AMs’  

• Status quo: there are no measures identified currently as 
“AMs” however, the following meet the definition of an 
inseason AM: 

o (e.g., include, but are not limited to: ACT; closure 
of a fishery; closure of specific areas; changes in 
gear; changes in trip size or bag limits; reductions 
in effort; or other appropriate management controls 
for the fishery) 

• [From those identified above, propose to classify them as 
inseason AMs…. Has to apply to all stocks, not just some.]  

• Others? 
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Potential “post-season” AMs, 
applied when the ACL is exceeded 

• Status quo: there are no measures identified currently as 
“AMs” however, the following meet the definition of a 
postseason AM 

o Annual SAFE document 
o Overfishing concern assessment 
o Conservation alert assessment 
o EFH assessment 
o Notice to state/tribal managers 
o Methodology review 

 
Potential for an ACT to be specified 
to prevent exceeding the ACL 

• Status quo: No ACT is currently specified or used.  
Inseason quota tracking uses buffer for soft data to 
incorporate management uncertainty and prevent exceeding 
quotas. 

•  Specify an ACT for the stock complexes’ with ACLs.  
Potential ways to incorporate 
management uncertainty 

• Status quo:  Managing for the weak stocks results in harvest 
limits for most stocks that are set below their conservation 
objective, thus adding a layer of protection. For the weakest 
stocks, however … (how is mgt uncertainty incorporated 
for the weakest?) 

• Account for management uncertainty only for the weakest 
stock that is the limiting factor for the fishery.  

• Other? 
The FMP currently gives NMFS the 
ability to close the fishery inseason if 
it determines closure of the fishery is 
necessary to prevent overfishing. 

• Status quo:  Yes 
•  

 

VI.  Updating Specific Stocks’ Conservation Objectives  

Specific Conservation Objectives: Potential Alternatives 

Klamath River Fall Chinook  • Status quo: < 66-67% spawner reduction rate with 35,000 
adult natural area spawner floor. 

• Spawner floor of 40,700 
• BMSY = 40,700 

Oregon Coast Chinook • Status quo: 60-90 adult natural spawners per mile 
• Spawning escapement objectives for three components 

Columbia Upriver Bright fall 
Chinook 

• Status quo: 40,000 natural adult bright adults above 
McNary Dam 

• 60,000 natural adult bright adults above McNary Dam 
Columbia Upriver Summer Chinook • Status quo: 80,000-90,000 adults above Bonneville Dam 

• 29,300 adults inriver run size 
Willapa Bay Natural Fall Chinook • Status quo: Undetermined 

• 4,400 (WDFW goal) 
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Oregon Coastal Natural coho • Status quo: Amendment 13 exploitation rate matrix 
• OCN workgroup matrix 

Willapa Bay Natural Coho • Status quo: not an FMP stock 
• 13,090 (WDFW goal) 

Washington North Coastal Coho • Status quo: Hoh v. Baldrige spawning escapement 
• PST exploitation rate matrix 

Puget Sound Coho • Status quo: PSSMP spawning escapement 
• PST exploitation rate matrix 
• Comprehensive coho agreement? 

 

VI.  De Minimis Fishing Provisions  

De minimis fishing provisions: Potential Alternatives 

Stock Specific • Status quo - OCN: Conservation objective based on 
exploitation rate matrix  

• Status quo - KRFC: < 10% age-4 ocean exploitation rate; 
exception to conservation alert only. 

• ?Update conservation objectives using exploitation rates 
• MSE 

Blanket • Status quo - Puget Sound coho, North Washington coast 
coho and Chinook: Annual co-manager agreement; 
exception to conservation alert only. 

• Status quo - Far north migrating Chinook: <5% base period 
exploitation rate; excepted from FMP overfishing criteria 
(overfishing concern and conservation alert) 

• ?<X% AEQ exploitation rate in Council area fisheries 
• ?>X% of BMSY projected abundance 
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Appendix A 

Exploitation rate control rules for salmon stocks under the current Salmon FMP 

The conservation objectives in the Salmon FMP can be classified into 4 basic types of 
exploitation rate control rules, which prescribe an allowable maximum exploitation rate on the 
basis of the forecast abundance of the stock.  The four types of control rules include:  1) constant 
escapement, 2) escapement range, 3) escapement rate with a floor, and 4) stepped, or tiered, 
exploitation rate.  While all of these types of control rules may, or may not allow some fishing 
opportunity at low stock levels (de minimis fisheries), the escapement range goal for Sacramento 
River fall Chinook is the only conservation objective in the salmon FMP that does not currently 
allow de minimis fisheries. 

Constant Escapement 

Constant escapement policies, or fixed escapement goals are currently in place for Grays Harbor 
spring and fall Chinook, Grays Harbor coho, Quillayute spring/summer Chinook, Hoko 
summer/fall Chinook, Puget Sound Chinook and coho stocks, and virtually all Columbia Basin 
stocks except for Willamette Spring Chinook and lower Columbia natural coho.  The objectives 
of all hatchery stocks also fall into this category.  Under a constant escapement policy, the 
allowable exploitation rate is defined by: 

ER = max[0, (PS-EG)/PS] 

Where ER is the maximum allowable harvest rate, PS is the forecast number of potential 
spawners in the absence of fishing, and EG is the escapement goal.  Under this control rule, all 
potential spawners in excess of the escapement goal may be harvested (Figure 1). 
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Figure 1.  Exploitation rate control rule for a fixed escapement goal policy. 

While the control rule dictates zero harvest when the spawning potential of the stock is forecast 
to be less than the escapement goal, all stocks in the FMP with fixed escapement goals either fall 
into one of the three exceptions to Council actions to prevent overfishing (hatchery stocks, ESA 
listed stocks, and stocks with minimal impacts in Council area fisheries), or are subject to a US 
District Court decision allowing state and tribal co-managers to agree to an annual target less 
than the escapement goal of record.  Thus unspecified de minimis fisheries are allowed on all 
Council stocks with fixed escapement goals. 

Escapement Range 

Escapement range goals are comparable to fixed escapement goals except that the goal has an 
upper limit (Figure 2).  Escapement range goals are in place for Sacramento River fall Chinook, 
Oregon coastal Chinook, Willamette spring Chinook, Queets coho, Hoh coho, and Quillayute fall 
coho.   

The control rule for an escapement range goal is described by: 

max[0, (PS-UEG)/PS] ≤ ER ≤ max[0, (PS-LEG)/PS] 

where UEG is the upper limit of the range and LEG is the lower limit of the range.   
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Figure 2. Exploitation rate control rule for an escapement range goal.  All exploitation rates 
within the shaded area are permitted. 

In practice, because the FMP does contain any consequences for exceeding the upper bound of 
the escapement goal, this policy is functionally equivalent to a constant escapement goal policy 
with the goal set at the lower bound of the range. 

Of the stocks with escapement range goals, only Sacramento River fall Chinook do no not have a 
provision in the FMP to allow for de minimis fisheries.  The FMP allows state and tribal co-
managers to agree to an annual target less than the escapement goal range for Washington 
coastal coho stocks, and Willamette spring Chinook are ESA listed, and subject to the 
exploitation rate exception to Council actions to prevent overfishing. 

Exploitation Rate with Escapement Floor 

Stocks with this conservation goal policy include Klamath River fall Chinook, and most of the 
Washington coastal Chinook stocks (Queets fall, Queets spring/summer, Hoh fall, Hoh 
spring/summer, and Quillayute fall).  In theory, the intent of this policy is to manage for a 
constant exploitation rate, but not let the escapement fall below a specified minimum value.  In 
practice, this policy is essentially the same as the constant escapement except that the maximum 
allowable exploitation rate is specified in the FMP: 

ER = max{0, min[(PS-EF)/PS, MaxER]} 
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where EF is the escapement floor and MaxER is the target exploitation rate when the escapement 
floor is not a constraint. 

 

Figure 3.  Exploitation rate control rule for a fixed rate policy with escapement floor. 

The FMP allows state and tribal co-managers to agree to an annual escapement target less than 
the floor for Washington coastal stocks with exploitation rate policies with an escapement floor, 
so unspecified de minimis fisheries are allowed for these stocks.  Amendment 15 to the salmon 
FMP establishes a special case of this policy for Klamath River fall Chinook.   

The policy for KRFC is to target a spawner reduction rate (equivalent to an exploitation rate) of 
0.66 to 0.67 on average, with an escapement floor of 35,000 natural area adult spawners.  If 
spawning escapement is projected to be less than 35,000 natural area adult spawners, de minimis 
fisheries are permitted with an age-4 ocean impact rate not to exceed 0.10.  If the spawning 
escapement is projected to be less than 22,000 natural area adult spawners under this de minimis 
fishing regime, further unspecified reductions in fisheries are required.  This 0.10 age-4 ocean 
impact rate translates into a spawner reduction rate of approximately 0.25 (Figure 4). 
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Figure 4. Exploitation rate control rule for Klamath River fall Chinook established by 
Amendment 15.  The dashed line represents unspecified reductions in harvest impacts. 

Tiered Exploitation Rate 

Tiered exploitation rates prescribe a maximum allowable exploitation rate on the basis of 
abundance categories or bins.  Only one stock in the FMP (Oregon coast natural coho) currently 
has a tiered exploitation rate policy as a conservation objective, and it is excepted from Council 
action to prevent overfishing by virtue of being listed under the Endangered Species Act.  
However, Puget Sound coho stocks are currently being managed with a tiered exploitation rate 
policy under the coho Chapter of the Pacific Salmon Treaty.  Under this policy each stock is 
classified into abundance categories of “critical”, “low” and “normal”.  Maximum allowable 
exploitation rates have been identified for each abundance category on the basis of a productivity 
analysis for each stock.  The maximum allowable exploitation rate in each year is determined by 
which category the stock abundance is projected to fall into that year (Figure 5).  Further 
reductions in exploitation rates may be required based on the number of stocks within each 
management unit that fall into the “critical” category.  This policy specifically permits de 
minimis fishery impacts on stocks that fall into the “critical” category.   
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Figure 5.  Tiered exploitation rate control rule in effect for Puget Sound coho stocks under the 
Pacific Salmon Treaty. 

A special case of this policy is in effect for Oregon coast natural (OCN) coho.  Though OCN 
coho are excepted from Council action to prevent overfishing, the FMP conservation objective 
has been adopted by NMFS as their ESA consultation standard.  Under this policy, maximum 
allowable exploitation rates are prescribed on the basis of the actual escapement of spawners in 
the brood year of the vulnerable cohort, and a survival index based on the return rate of hatchery 
jacks in the prior year (Figure 6). 

A similar matrix approach was developed for lower Columbia River natural coho, and serves as 
the basis for NMFS Endangered Species Act consultation standard.  It constrains the Council’s 
management of ocean fisheries in some years, but is not part of the FMP.  A more complex 
version of the OCN harvest matrix, which includes lower exploitation rates a low abundance and 
higher exploitation rates at high abundance, was developed by the OCN review group in 2000.  
This modified matrix was accepted by the Council and has served as NMFS ESA guidance since 
2001, but is not part of the FMP. 
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Figure 6.  Exploitation rate control rule for Oregon coast natural coho.  The maximum allowed 
exploitation rate ranges from 15% to 35% depending on the abundance of spawners in the parent 
brood and a survival index based on the return rate of hatchery jacks.  At extremely low levels of 
parent abundance or survival index, the maximum rate is capped at 10-13%.   
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Range of Potential Issues for 
Amendment 16 

• Determining scope of Amendment 16 will require Council 
guidance

• Potential issues include:
– New MSA Requirements and National Standard 1 Guidelines

– De Minimis Fishing Provisions

– Conservation Objectives

• Next steps will include developing alternatives for NEPA 
analysis
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Preview of Key Conclusions

• Substantial rewrite of the Salmon FMP

• Substantial changes to Status Determination Criteria (SDC) 
related to overfishing and overfished

• Consideration of substantive of changes to South of Falcon 
management to include possible use of buffers and/or quotas
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Presentation Overview

• National Standard 1 Guidelines
– Stock Classification

– References Points and Related Uncertainties

– Stock Complexes

– Status Determination Criteria

– Accountability Measures

• De Minimis fishery provisions

• Conservation Objectives
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Stock Classification

• NS1 Guidelines provide new stock classification structure
– “In the fishery” (default)

– “Ecosystem component” stocks (optional)

• Stock classification important because it determines:
– Which stocks are subject to various MSA requirements (including, but 

not limited to, ACLs and AMs)

• Other key provisions related to organizing the fishery
– “Flexibility” provisions

– International exception
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Amendment 14 Salmon FMP

• 69 Individual Stocks/complexes
– Most with specific conservation objectives

• Stocks Subject to FMP Overfishing Criteria (SDC)
– Conservation Alert – stock projected to be below conservation 

objective       > no fishing

– Overfishing Concern – stock below conservation objective for three 
years      > overfishing review

• FMP “Exceptions” to overfishing criteria
– ESA listed stocks

– Hatchery stocks

– Stocks with minimal harvest impacts (Far North Migrating stocks)
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Ecosystem component 
species / stocks (optional)

The “fishery” / 
Stocks “in the fishery”

Target stocks 

Non-target stocks 
not retained that are, or 

could likely become, subject 
to overfishing or overfished

Non-target stocks 
retained for 

sale or personal use

NS1 Stock Classification 
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Target Stocks – “in the fishery”

• Seek to catch for sale or personal use
– Hatchery and Healthy/Productive Natural Stocks

– Fisheries structured to exploit stock based on abundance, distribution, 
and run timing

• Could include
• SRFC, KRFC, SOC Chinook, Columbia Hatchery Fall Chinook

• OPI Hatchery Coho, WA Coastal Hatchery and Natural Coho, 
Puget Sound Hatchery and Natural Coho
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Non-Target Stocks – “in the fishery”

• Fish caught incidentally during the pursuit of target stocks
– Fisheries not structured to exploit stock

– Fisheries may be structured to avoid non-target stocks

• These may or may not be retained for sale or personal use
– Cannot distinguish between many salmon stocks when caught, so 

most/all are retained

– Encounters generally at low/incidental levels

• Could include
– ESA listed stocks

– Far north migrating stocks
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Ecosystem Component Stocks
– not “in the fishery” 

• Optional

• If designated should be
– Non-Target Stocks

– Not Generally Retained

– Not Likely to become subject to overfishing or overfished 

• Do not require specification of reference points

• Could include
– Far north migrating stocks
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“Flexibility” in application of NS1 Guidelines

• Flexibility relates to specification of reference points and 
management measures

• Alternative approaches may be proposed in circumstances 
where standard approaches do not fit

• Salmon noted as an example in NS1 Guidelines

• Would include
– ESA listed species

– Hatchery stocks
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MSA Exceptions from ACL/AM requirements

• Species with a 1 year life cycle – does not apply

• International fishery agreements – stocks subject to the 
Pacific Salmon Treaty agreement

• Could include
– Far north migrating Chinook stocks

– Canadian Chinook stocks

– Washington coast and Puget Sound coho stocks

– Canadian coho stocks

– Pink stocks
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Stock Complexes

• Further description and organization of the fishery

• Useful for specification of reference points

• Stock complexes 
– stocks with similar geographic distributions, life history, and 

vulnerabilities

– useful when fishermen cannot distinguish individual stocks among 
their catch

• Indicator stocks
– Stocks with measurable SDCs

– Useful to help manage more poorly known stocks that are in the 
complex
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Stock Classification – Summary

• Describe how fishery is organized

• Effects which stocks are subject to various MSA 
requirements including those related to ACLs and AMs

• Stock Classification
– In the fishery

• Target stocks

• Non-target stocks

– Ecosystem component stocks

• Application of “Flexibility” provision

• International Exception
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Reference Points

• Reference points required for stocks in the fishery
– MSY, ABC, ACL, and SDC for overfishing and overfished (MSA)

• SAC Recommendations
– Salmon FMP needs to describe how ABC and ACL will be specified.

– Salmon FMP needs to be revised to provide distinct SDC for 
overfishing and overfished that are objective and measurable.
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Year 1

Annual Catch Limit 

Acceptable Biological Catch

Overfishing Limit

Annual Catch Target 

Corresponds 
with MSY

Should 
achieve OY

OFL ≥ ABC ≥ ACL > ACT* 
*Optional accountability measure.
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Roles

OFL

ABC

Scientific 
Uncertainty

ACL
ACL ≤ ABC

ACT

Science-
Management 
feedback loop

Management 
Uncertainty

Science-
Management 
feedback loop

SSC Role Council Role

Optional AM

A single control rule combining both scientific and management uncertainty 
could be used for the ABC recommendation, the ACL, and, an ACT, if used.
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ACLs for Salmon

• Challenges to implementing ACLs in the salmon fishery
– Mixed stock fishery – cannot distinguish among stocks in the ocean

– Stock specific conservation objectives vary

• MSY based escapement goals

• MSP based escapement goals

• Fixed or variable exploitation rates

• Options for basis of ACL:
– Catch 

– Escapement
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ACLs Based on Catch

• If based on catch, ACL would be specified for a complex

• Various options for organizing complexes

• Indicator stocks would be identified for each complex

• Consequence would likely be quota based management 
with inseason monitoring – unless uncertainty account for in 
some other way
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ACLs & Stock Complexes:

All Originating South of U.S. Border, Species

1. Chinook

2. Coho

2 Complexes
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ACLs & Stock Complexes:

All Harvested South of U.S. Border, Species

1. Chinook

2. Coho

2 Complexes
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Cape Falcon, OR

ACLs & Stock Complexes:
Species, Management Areas, Ocean Distribution

1. Chinook NOF

2. Coho NOF

3. Chinook SOF

4. Coho SOF

4 Complexes
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Cape Falcon, OR

ACLs & Stock Complexes:
Species, Management Areas, Ocean Distribution, Significance

5 Complexes

1. Chinook NOF
Significant contributions

2. Chinook NOF
Not significant contributions

3. Chinook SOF
Significant contributions

4. Chinook SOF
Not significant contributions 

5. Coho
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Indicator Stocks

• Indicator stocks associated with each complex

• Include any stock with a conservation objective – stocks we 
manage for

• North of Falcon
– Lower River Hatchery, Lower River Wild, UCR Summers, Snake River 

Fall Chinook, etc.

• South of Falcon
– SRFC, KRFC, CCC, etc.
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ACLs Based on Escapement

Not drawn to scale; distance between reference points just illustrative.  KRFC SMSY used as an example.
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• SDC are used to determine if overfishing has occurred or a 
stock or stock complex is overfished
– Has fishing jeopardized the capacity of the stock to produce MSY on a 

continuing basis?

• Overfishing determined based on a rate of fishing –
exploitation rate

• Overfished determined based on biomass – escapement 
level

• Required for each stock or stock complex

• Expressed in a way that enables monitoring to determine 
stock status annually, if possible.  

Status Determination Criteria (SDC)
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Status Determination Criteria (SDC)

• Current FMP Overfishing Criteria (SDC)
– Conservation Alert – stock projected to be below conservation 

objective       > no fishing

– Overfishing Concern – stock below conservation objective for three 
years      > overfishing review

• But unclear when a stock is overfished or when overfishing 
has occurred

• KRFC overfishing review – NMFS determined stock was 
overfished and that overfishing had occurred 
– Ad hoc determinations not based on criteria from FMP

• Confusion internally and externally
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Accountability Measures

• Required by MSA and NS1 Guidelines
– designed to address and minimize the frequency and magnitude of 

overages relative to ACLs and provide necessary corrections if they 
occur
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Accountability Measures

• Inseason Accountability Measures
– Whenever possible FMPs should include inseason monitoring and 

management measures to prevent catch from exceeding ACLs

– May include:

• Annual Catch Targets (ACT) where ACT<ACL – aka buffers

• Inseason monitoring and management authority – aka quotas

• ACLs and AM may be applied to the fishery or specified sectors

• Postseason Accountability Measures
– To mitigate or correct for ACL overages 
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Accountability Measures

• Current FMP Measures
– Features of current FMP not classified as AM, but meet the intent

– Inseason

• Sector specific quotas, inseason monitoring, and extensive 
authority to close or modify fisheries – apply primarily NoF

– Postseason

• SAFE Documents, Overfishing Concern/Conservation Alert, 
Methodology Review, and requirement to meet the conservation 
objectives in the following year
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Accountability Measures

• Possible New AMs for Amendment 16
– Absent inseason management control, AMs should use ACTs set 

below ACLs to address management uncertainty so that catches do 
not exceed ACLs

– NoF many sector specific quotas, inseason controls, and more limiting 
weak stocks

– SoF less inseason control and fewer limiting weak stocks

• SAC Recommendation
– For SoF fisheries include alternatives that consider the use of  -

• Buffers to ACL (e.g., KRFC esc floor), or 

• Quotas and inseason management -

to address requirements for AMs
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De Minimis Fishery Provisions

• De Minimis fishery – how we manage when a stock is 
depressed - closure or some low level of fishing?

• Council Direction to Include in Amendment 16
– Primarily to Address Sacramento River Fall Chinook (SRFC)

• Not Required by MSA or NS1 Guidelines
– Although Current Provisions May be Affected by Amendment 16
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De Minimis Fishery Provisions

• Council interest in remedy for automatic closures – e.g., 
KRFC or SRFC

• Closures result from combination of certain conservation 
objectives (fixed escapement goals) and Conservation Alert 
provisions (required closure if below goal)
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De Minimis Fishery Provisions

• Few stocks subject to Conservation Alert closure
– SRFC only stock under current FMP 

– Other stocks could be subject to conservation alerts, e.g.,

• Oregon coast Chinook

• Upper Columbia River Summer Chinook

• Other stocks not subject to Conservation Alert closures for 
various reasons
– Exploitation rate management, e.g., OCN coho, ESA stocks

– Washington coast and Puget Sound Chinook and coho

– ESA, hatchery stocks, and FNM stocks currently “excepted” from 
conservation alert requirements 
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De Minimis Fishery Provisions

• Guidance from Council – further discussion and guidance 
regarding Council’s objectives for addressing De Minimis 
fishery provisions
– Directly – consider SRFC directly as we did for KRFC through 

Amendment 15, or

– Indirectly – consider De Minimis fishery provisions indirectly through 
changes in specific conservation objectives or the Conservation Alert 
provisions,

– Other
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Conservation Objectives

• Council Direction to Consider Updates for Amendment 16
– To Address De Minimis Fishing - SRFC

– Update MSY/MSP Estimates – KRFC and others as needed

– For Consistency With Other Management Forums – PST Agreement
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Conservation Objectives Updates

• Most updates can be done without FMP Amendment
– Klamath spawner floor is the exception

– All others through STT and SSC review and approval

• Updates are not ACL/AM requirements
– Although Conservation Objective Updates/Modifications May Facilitate 

Required Elements
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Potential Updates/Additions
• Puget Sound Coho – In progress

• WA North Coastal Coho

• Willapa Natural Coho

• Willapa Natural Chinook

• Columbia Upper River Summer Chinook

• Columbia Upriver Bright Fall Chinook

• OR Coastal Chinook – In Progress

• Klamath River Fall Chinook

• Sacramento River Fall Chinook

• ESA Listed Stocks

• Others?
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Conservation Objectives

• SAC Recommendations
– Develop a prioritized list of conservation objectives that should be 

reviewed and updated, establish associated schedule

– KRFC and SRFC should be at the top of the list

– Do not update stock specific conservation objectives as part of the 
Amendment 16 process unless done to address NS1G concerns
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Basis of Conservation Objectives

• Current FMP treats conservation objectives as MSY or MSY 
proxy

• MSY provides foundation for specifying all reference points

• Adjustment for uncertainty incorporated into conservation 
objectives for some stocks already, e.g., WA coastal coho 
are based on MSY with buffer; Puget Sound coho are based 
on MSP

• Basis of the conservation objective now more important to 
consider when specifying reference points
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Basis of Current Conservation Objectives
Conservation Objective

Coho Agency Lead Current Basis

Willapa Bay (Natural) WDFW Not in FMP

Grays Harbor Hoh v Baldrige MSP

Queets Hoh v Baldrige MSY Proxy+buffer

Hoh Hoh v Baldrige MSY Proxy+buffer

Quillayute Fall Hoh v Baldrige MSY Proxy+buffer

Western Strait of Juan de Fuca US v Washington MSP

Eastern Strait of Juan de Fuca US v Washington MSP

Hood Canal US v Washington MSP

Skagit US v Washington MSP

Stillaguamish US v Washington MSP

Snohomish US v Washington MSP

BC Coastal Stocks Canada Unknown

Fraser River Canada Unknown

Pink

Puget Sound US v Washington Unknown

Fraser River Canada Unknown
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Requested Guidance

• Details related to National Standard 1 Guidelines

• De Minimis Fishing Provisions
– Should we consider SRFC directly as we did for KRFC through 

Amendment 15, or

– consider De Minimis fishery provisions indirectly through changes in 
specific conservation objectives or the Conservation Alert provisions?

• Conservation Objectives
– Update particular conservation objectives through Amdmt 16?

– Establish prioritized list for updates?

– Consider revising conservation objectives only if needed to facilitate 
NS1G compliance?
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SALMON ADVISORY SUBPANEL REPORT ON FISHERY MANAGEMENT PLAN 
AMENDMENT 16 – ANNUAL CATCH LIMITS AND ACCOUNTABILITY 

 
The Salmon Advisory Subpanel (SAS) received a briefing from Dr. Peter Dygert on the Salmon 
Amendment Committee (SAC) Report on Amendment 16 to the Salmon Fishery Management 
Plan (FMP).  The SAS recommends the Council adopt the following topics, at a minimum, for 
consideration in the FMP amendment process: 
 

• Annual Catch Limits (ACLs) and Accountability Measures (AMs) 
• De minimis fishing provisions 

 
The SAS recognizes the potential benefits to stock status and fisheries of improving the 
probability that conservation objectives are met, and believe that the ACL/AM provisions can 
accomplish that goal.  However, it is also important that provisions for de minimis fishing be 
accommodated in the process so that fisheries can persist under more conservative management 
scenarios. 
 
As the SAC moves forward with these topics, the SAS recommends alternatives be developed 
that include separate stock complexes for areas north and south of Cape Falcon.  It is important 
that the carefully crafted management framework north of Falcon be preserved in the analysis of 
alternatives. 
 
The SAS recognizes there are multiple ways to address uncertainty in salmon management, and 
recommends a range of alternatives be considered.  However, it is a high priority for that at least 
one alternative south of Cape Falcon to include strategies that permit traditional time/area 
fisheries management as constrained by stock conservation objectives.  Given the additional 
workload and financial costs associated with quota management and inseason monitoring, the 
potential burden to the states would make implementing quota management very difficult.  If 
alternatives for quota management south of Cape Falcon are considered or other alternatives that 
incur additional costs, it will be important to describe how funds will be made available to 
address costs for complying with these Federal mandates. 
 
 
PFMC 
09/15/09 
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SCIENTIFIC AND STATISTICAL COMMITTEE REPORT ON 
FISHERY MANAGEMENT PLAN AMENDMENT 16 - ANNUAL CATCH LIMITS 

AND ACCOUNTABILITY MEASURES 
 
The Magnuson-Stevens Fishery Conservation and Management Reauthorization Act of 2006 
(MSRA) established several new fishery management provisions pertaining to National Standard 
1 (NS1).  On January 16, 2009, the National Marine Fisheries Service (NMFS) published a final 
rule in the Federal Register to amend the guidelines for NS1 that provide guidance to the 
Councils in revising their Fisheries Management Plans (FMPs) to conform to the new MSRA 
requirements.  Specifically, there is now a need to implement overfishing levels (OFLs), annual 
catch limits (ACLs), annual catch target (ACTs), and accountability measures (AMs) by 2011 for 
most species, and by 2010 for those species designated as being subject to overfishing.  The 
major task for the SSC, however, is to satisfy provisions of the MSRA to redefine the Acceptable 
Biological Catch (ABC) to account for scientific uncertainty. 
 
The Salmon Amendment Committee (SAC) has met several times to consider Amendment 16 to 
bring salmon management into conformance with the MSRA.  Dr. Peter Dygert presented their 
progress to date to the SSC. 
 
Their major conclusions regarding the task ahead of them are that:  (1) meeting the requirements 
of Amendment 16 is going to require a major rewrite of the salmon FMP, (2) there are going to 
be substantial changes to Status Determination Criteria (i.e., overfished and overfishing), and (3) 
there will be substantial changes to salmon management south of Cape Falcon. 
 
The SSC discussed these issues with members of the SAC and provided them with information 
on how other species groups, including groundfish and coastal pelagic species, had approached 
the new guidelines.  The SSC offered to work closely with the SAC so that our review of 
Amendment 16 will go smoothly. 
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SALMON TECHNICAL TEAM REPORT ON FISHERY MANAGEMENT PLAN 
AMENDMENT 16 - ANNUAL CATCH LIMITS AND ACCOUNTABILITY MEASURES 

 
The Salmon Technical Team (STT) believes that the range of topics described in the scoping 
report of the Salmon Amendment Committee is broad enough to encompass the options that can 
reasonably be expected to bring the Salmon Fishery Management Plan (FMP) into compliance 
with the revised National Standards Guidelines.  We believe that at a minimum the alternatives 
ultimately adopted by the Council must address the requirements of annual catch limits, a 
description of accountability measures, and specification of biological reference points.  It 
appears likely that most of these required elements can be accommodated with relatively little 
modification to current management for fisheries north of Cape Falcon.  For fisheries south of 
Cape Falcon it appears that changes to the time-area management system may be required to 
implement these new requirements.   
 
The reference points considered should include revision of the current status determination 
criteria of “conservation alert” and “overfishing concern,” to remove ambiguity and provide 
clear measures of stock status (i.e., overfished or subject to overfishing) without the current 
delay necessitated by the review process required by the current FMP.  The review process 
should not be eliminated because it is necessary to identify causes and appropriate remedial 
action when stocks become depressed.  However, classification of stock status would be 
streamlined by eliminating the ambiguity and delay in the current FMP. 
 
The STT does not believe that it is necessary for the amendment to include revisions to the 
conservation objectives.  The FMP currently allows revision of conservation objectives without 
the need for a plan amendment.  We note the objectives for Puget Sound coho stocks may well 
be updated this year as a result of the methodology review prior to the development of the 
amendment, and new objectives for Oregon coast Chinook are currently under development.  
The only conservation objective that currently requires plan amendment to change is that for 
Klamath River fall Chinook.  We also note that with the exception of the Sacramento River Fall 
Chinook, all conservation objectives currently allow for de minimis impacts when stocks are 
depressed and a “conservation alert” is triggered.  While the Council may wish to consider 
modification of the Sacramento River fall Chinook to allow greater flexibility under the present 
“conservation alert,” that can be accomplished outside the amendment process, or through 
modification of the status determination criteria. 
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2009 SALMON METHODOLOGY REVIEW 
 
Each year, the Scientific and Statistical Committee (SSC) completes a methodology review to 
help assure new or significantly modified methodologies employed to estimate impacts of the 
Council’s salmon management use the best available science.  This review is preparatory to the 
Council’s adoption, at the November meeting, of all proposed changes to be implemented in the 
coming season, or, in certain limited cases, of providing directions for handling any unresolved 
methodology problems prior to the formulation of salmon management options the following 
March.  Because there is insufficient time to review new or modified methods at the March 
meeting, the Council may reject their use if they have not been approved the preceding 
November. 
 
The Methodology Review is also used as a forum to review updated stock conservation objective 
proposals, which allows the Council to approve updates at the November meeting and allows 
adequate time for planning fisheries in the subsequent year.  The Salmon Fishery Management 
Plan (FMP) allows conservation objectives to be updated without a formal FMP amendment, 
provided a comprehensive technical review of the best scientific information available provides 
conclusive evidence that, in the view of the Salmon Technical Team (STT), SSC, and the 
Council, justifies a modification.  An exception is the 35,000 natural spawner floor for Klamath 
River fall Chinook which may only be changed by FMP amendment. 
 
At its April 2009 meeting, the Council identified a list of potential subjects for the methodology 
review.  These subjects and the responsible agencies were identified in a reminder email dated 
July 16, 2009, which requested agencies prepare to speak to the status of the subjects in terms of 
completeness and priority (Agenda Item G.2.a, Attachment 1).  The reminder email also noted 
the possibility of including proposed conservation objective updates in the process, two of which 
had been brought to Council Staff’s attention: Puget Sound coho and Oregon coast Chinook. 
 
Other review topics or conservation objective updates may be considered for review at this 
meeting, provided responsible agencies or individuals are prepared to justify their inclusion.  All 
materials for review are to be received at the Council office at least two weeks prior to the 
scheduled review meeting of the SSC Salmon Subcommittee and Salmon Technical Team 
(STT), which is scheduled for October 5-6, 2009. 
 
 
Council Action: 
 
1. Determine if topics identified for review will be ready for the joint SSC Salmon 

Subcommittee - STT meeting in October. 
2. Set priorities for review of methodologies and/or conservation objective update 

proposals. 
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Reference Materials: 
 
1. Agenda Item G.2.a, Attachment 1:  Email to the agencies from Chuck Tracy dated July 13, 

2009. 
 
Agenda Order: 
 
a. Agenda Item Overview Chuck Tracy 
b. Reports and Comments of Management Entities and Advisory Bodies 
c. Public Comment 
d. Council Action:  Adopt Final Review Priorities 
 
PFMC 
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Subject: Salmon Methodology/Cons. Obj Review
From: Chuck Tracy <Chuck.Tracy@noaa.gov>
Date: Mon, 13 Jul 2009 15:04:41 -0700
To: Sandy Zeiner <szeiner@nwifc.org>, Keith Lutz <lutz@nwifc.org>, Robert Kope 
<Robert.Kope@noaa.gov>, Mike O'Farrell <Michael.OFarrell@noaa.gov>, Doug Milward 
<milwadam@dfw.wa.gov>, Craig Foster <Craig.A.Foster@state.or.us>, Henry Yuen 
<henry_yuen@fws.gov>, Eric Schindler <Eric.D.Schindler@state.or.us>, Melodie Palmer-Zwahlen 
<mpalmer@dfg.ca.gov>, Wendy Beeghley <BeeghWLB@dfw.wa.gov>, Hap Leon 
<hapleon@earthlink.net>, Joe Dazey <jdazey@centurytel.net>, Larrie LaVoy <LaVoyLWL@dfw.wa.gov>, 
Jim Packer <PackeJFP@dfw.wa.gov>, Ethan Clemons <Ethan.R.Clemons@state.or.us>, Andy Rankis 
<ARankis@nwifc.org>, Rishi Sharma <ShaR@CRITFC.org>, Henry Yuen <henry_yuen@fws.gov>, Bob 
Conrad <bconrad@nwifc.org>, Shannon Davis <shannon_davis@class.orednet.org>, Angelika 
Hagen-breaux <hagenafh@dfw.wa.gov>, Ron Boyce <ron.boyce@state.or.us>, Marci Yaremko 
<myaremko@dfg.ca.gov>, Pat Pattillo <pattiplp@dfw.wa.gov>, Craig Bowhay <cbowhay@nwifc.org>
CC: Peter Lawson <Peter.W.Lawson@noaa.gov>, Charlie Petrosky <cpetrosky@idfg.idaho.gov>, Bob 
Conrad <bconrad@nwifc.org>, Owen Hamel <Owen.Hamel@noaa.gov>, Shizhen Wang 
<szwang@qwest.net>, David Sones <ddavid160@centurytel.net>, Phil Anderson 
<ANDERPMA@dfw.wa.gov>, Stephen Williams ODFW <Stephen.H.Williams@state.or.us>, Jennifer Ise 
<Jennifer.Ise@noaa.gov>, Marija Vojkovich <mvojkovich@dfg.ca.gov>, Peggy Busby 
<Peggy.Busby@noaa.gov>, Peter Dygert <Peter.Dygert@noaa.gov>, Michael Mohr 
<Michael.Mohr@noaa.gov>, Tom Welsh <MWelsh9538@aol.com>, Jim Olson <jaocto@juno.com>, 
Duncan MacLean <b-faye@pacbell.net>, Steve Watrous <BRANCHOFIC@aol.com>, Butch Smith 
<coho@willapabay.org>, Mike Sorenson <fvmissraven@hotmail.com>, Kent Martin <imartin@iinet.com>, 
Craig Stone <emvlsport@aol.com>, Paul Pierce <sdad111@aol.com>, Jim Hie <jnahie@att.net>, Richard 
Heap <fiskare@charter.net>, Paul Heikkila <PHeikkila@mycomspan.com>, Dave Hillemeier 
<dhillemeier@yuroktribe.nsn.us>, Gerry Reinholdt <reinholdtfish@hotmail.com>

Hi All: 

This is just a reminder to agencies and involved individuals that the Council will be
establishing priorities for salmon methodology review by the SSC and STT at the September
Council meeting.  The review itself will be scheduled for early to mid-October. 

A list of potential subjects was considered at the April Council meeting (see below), and
it will be useful to have updates on the priorities and whether some of the projects are
suitably complete for review. 

The Council adopted the following priority candidate items that the Scientific and
Statistical Committee (SSC) may consider for the 2009 Salmon Methodology Review. Source
entities to deliver detailed reports for review are included in parentheses with each
candidate item. 

1.    Assessment of the September 1 maturity boundary assumption for Klamath River fall
Chinook. (Salmon Technical Team) 
2.    Forecasting impact rates in fall fisheries for Klamath River fall Chinook and
Sacramento River fall Chinook. (Salmon Technical Team) 
3.    Evaluation of the Oregon Coastal Natural (OCN) coho abundance predictor.  (Oregon
Production Index Technical Team) 
4.    Sensitivity analyses of the Chinook and Coho Fishery Regulation Assessment Models
(FRAM) to major assumptions, including sensitivity to parameters related to mark-selective
fisheries.  (Model Evaluation Workgroup) 
5.    Characterization of bias in the mark-selective Chinook and Coho FRAM. (Salmon
Technical Team/Model Evaluation Workgroup) 
6.    Development of ocean abundance predictors for Columbia River Chinook. (Salmon
Technical Team/Model Evaluation Workgroup) 

In addition to the above potential methodology changes, the review process will also
consider updated stock conservation objectives.  There have been indications that updates
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were being considered for Puget Sound coho and Oregon coast Chinook.  The process will be
similar to proposed methodology changes, with write-ups of the proposed objectives,
rationale, and scientific basis due to the Council office at least 2 weeks prior to the
October review meeting. 

Please discuss these projects with appropriate parties and have recommendations ready for
the September Council meeting as to whether they will be sufficiently complete in time for
the October review meeting. 

Thanks. 

-- 
Chuck Tracy 
Pacific Fishery Management Council 
7700 NE Ambassador Place, Suite 101 
Portland, Oregon 97220-1384 
Voice 503-820-2280 
Toll Free 866-806-7204 
FAX 503-820-2299 
e-mail Chuck.Tracy@noaa.gov 
URL www.pcouncil.org 
<")\}}}}><   <")\}}}}><   <")\}}}}><   <")\}}}}>< 
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MODEL EVALUATION WORKGROUP REPORT ON  
2009 SALMON METHODOLOGY REVIEW 

 
A list of priority candidate items that the Scientific and Statistical Committee (SSC) may 
consider for the 2009 Salmon Methodology Review was adopted by the Council at the April 
meeting.  The Model Evaluation Workgroup (MEW) met August 27 to review progress on tasks 
that were identified as MEW responsibilities, and to provide an opportunity for MEW members 
to develop consensus on report contents.  The current status of items identified as MEW tasks are 
as follows: 
 
1. Sensitivity analysis of Chinook and Coho Fishery Regulation Assessment Models (FRAM) 
to major assumptions, including sensitivity to parameters related to mark-selective fisheries. 

• The MEW has not made any further progress on this topic and will not have a report 
available for the review meeting. 

 
2. Characterization of bias in the mark‐selective Chinook and Coho FRAM. 

• The MEW has developed a methodology for characterizing bias in the FRAM associated 
with multiple encounters in mark selective fisheries.  A completed report will be ready 
for review at the methodology review meeting. 

 
3. Development of ocean abundance predictors for Columbia River Fall Chinook. 

• The MEW has revised earlier methods that address this issue, and has completed a 
preliminary analysis for one stock, Upriver Brights (URB).  The current state of the 
analyses is sufficient for a progress update at the methodology review meeting. 

 
PFMC 
9/8/09 
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SALMON ADVISORY SUBPANEL REPORT ON  
2009 SALMON METHODOLOGY REVIEW 

 
A list of priority candidate items that the Scientific and Statistical Committee (SSC) may 
consider for the 2009 Salmon Methodology Review was adopted by the Council at the April 
meeting.  The Salmon Advisory Subpanel (SAS) recommends that the following topics be 
reviewed this fall based on the status of work completed: 
 
1. Characterization of bias from mark-selective fisheries in Chinook and Coho Fishery 
Regulation Assessment Models. 
 
2. Harvest forecast for fall fisheries south of Cape Falcon. 
 
3. September 1 maturity boundary (“birth date”) for Klamath River fall Chinook (KRFC). 
 
4. Updated conservation objectives for Puget Sound coho stocks. 
 
The SAS appreciates the efforts of the Salmon Technical Team to investigate the KRFC birth 
date and forecasting fall fishing impacts south of Cape Falcon.  
 
 
PFMC 
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SCIENTIFIC AND STATISTICAL COMMITTEE REPORT ON  
2009 SALMON METHODOLOGY REVIEW  

 
At the April meeting, the Council identified the following six priority items that the Scientific 
and Statistical Committee (SSC) should consider for the 2009 Salmon Methodology Review.   
 

1. Assessment of the September 1 maturity boundary assumption for Klamath River fall 
Chinook (KRFC).  

2. Forecasting impact rates in fall fisheries for KRFC and Sacramento River fall Chinook.  
3. Evaluation of the Oregon Coastal Natural (OCN) coho abundance predictor. 
4. Sensitivity analyses of the Chinook and Coho Fishery Regulation Assessment Models 

(FRAM) to major assumptions, including sensitivity to parameters related to 
mark‐selective fisheries. 

5. Characterization of bias in the mark‐selective Chinook and Coho FRAM. 
6. Development of ocean abundance predictors for Columbia River Fall Chinook stocks.  

 
Reports on the following four items will be ready for review at the methodology meeting:  

• Assessment of the September 1 maturity boundary assumption for KRFC.  
• Forecasting impact rates in fall fisheries for KRFC and Sacramento River fall Chinook.  
• Characterization of bias in the mark‐selective Chinook and Coho FRAM. 
• An update on the progress in developing ocean abundance predictors for Columbia River 

Fall Chinook stocks. 
 
In addition, the Washington Department of Fish and Wildlife and Puget Sound Treaty tribes will 
be giving a report on the methods used to establish conservation objectives for Puget Sound 
coho.  Currently these methods are the basis for management of Puget Sound coho stocks under 
the Pacific Salmon Treaty and/or the Comprehensive Coho agreement but they are not formally 
included in the current Salmon Fishery Management Plan (FMP).  The intent is to incorporate 
them into the Salmon FMP prior to the 2010 management season.  Consequently, they require 
review in the Council process.  In addition, incorporating these stocks in this time frame will 
help facilitate the Amendment 16 process. 
 
The SSC looks forward to reviewing reports on these topics at the November meeting.  The SSC 
Salmon Subcommittee and Salmon Technical Team (STT) will hold a joint meeting on October 
5 and 6 in Portland to review these issues.  As always, the SSC requires good documentation and 
ample review time to make efficient use of the SSC Salmon Subcommittee’s time.  Materials to 
be reviewed should be submitted at least two weeks prior to the scheduled review.  Agencies 
should be responsible for ensuring that materials submitted to the SSC are technically sound, 
comprehensive, clearly documented, and identified by author.  
 
 
PFMC  
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SALMON TECHNICAL TEAM REPORT  
ON THE 2009 SALMON METHODOLOGY REVIEW 

 
 
From the Council-adopted priority candidate list of topics to be considered by the Scientific and 
Statistical Committee for the 2009 methodology review, the following items will be ready for a 
full evaluation: 
 

(1) Evaluation of the September 1 maturity boundary convention for Klamath River fall 
Chinook. 

 
(2) Assessment of fall ocean Chinook salmon fisheries south of Cape Falcon, Oregon. 

 
(3) Characterization of bias in the mark-selective Chinook and Coho Fishery Regulation 

Assessment Model. 
 
A progress report will be available for the following priority item: Development of ocean 
abundance predictors for Columbia River fall Chinook. 
   
In addition to these items, the Salmon Technical Team endorses the review of Puget Sound coho 
conservation objectives.  Bringing Fishery Management Plan management objectives in line with 
the Pacific Salmon Treaty and co-manager management objectives should be a high priority.  A 
presentation on this topic could be available for the 2009 methodology review. 
 
 
PFMC 
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CENTRAL VALLEY ENDANGERED SPECIES ACT BIOLOGICAL OPINION AND 
SACRAMENTO RIVER FALL CHINOOK STOCK COLLAPSE 

 
California Water Projects 
 
The National Marine Fisheries Service (NMFS) issued a biological opinion and conference 
opinion (Opinion) on June 4, 2009 to determine whether the Central Valley Project and State 
Water Project Operations Criteria and Plan (OCAP), as proposed by the Bureau of Reclamation, 
are likely to jeopardize the continued existence of the following populations listed under the 
Endangered Species Act (ESA): 
• Sacramento River winter Chinook 
• Central Valley spring Chinook 
• Central Valley steelhead 
• Central California Coast steelhead 
• Southern Distinct Population Segment (DPS) of North American green sturgeon 
• Southern Resident killer whales. 
The Opinion also determines if the actions proposed under the OCAP will destroy or adversely 
modify the designated critical habitat of the listed salmon and steelhead species, or proposed 
critical habitat for the Southern DPS of green sturgeon. 
 
The Opinion concluded that the OCAP is not likely to adversely affect Central California Coast 
steelhead and their designated critical habitat; however, the OCAP is likely to jeopardize the 
continued existence of, and destroy or adversely modify critical habitat for, Sacramento River 
winter Chinook, Central Valley spring Chinook, Central Valley steelhead, the Southern DPS of 
North American green sturgeon, and Southern Resident killer whales. 
 
The Opinion included sections on reasonable and prudent alternatives (RPA), amount of 
incidental take expected, and conservation recommendations.  A news release (Agenda Item 
G.3.a, Attachment 1) provides a brief overview of the findings and the executive summary 
(Agenda Item G.3.a, Attachment 2) lists the RPA.  The Opinion also included a section on 
Essential Fish Habitat (EFH) conservation consultation affecting primarily fall and late-fall run 
Chinook salmon (Agenda Item G.3.a, Attachment 4).  The complete Opinion is available on the 
Council Briefing Book CD (Agenda Item G.3.a, Attachment 4). 
 
Ms. Maria Rea, from NMFS Protected Resources Division in Sacramento, will provide an update 
on the OCAP Opinion. 
 
Sacramento River Fall Chinook Stock Collapse 
 
Following Council discussion at the April 2009 Council meeting regarding the collapse of the 
Sacramento River fall Chinook stock, a letter was sent to NOAA Administrator, Dr. Jane 
Lubchenco, summarizing recommendations for optimizing salmon production from California 
River systems (Agenda Item G.3.a, Attachment 5).  
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Council Task: 
 
Receive information and discuss implications. 
 
Reference Materials: 
 
1. Agenda Item G.3.a, Attachment 1:  News Release Regarding the Biological Opinion on the 

Long-Term Central Valley Project and State Water Project Operations Criteria and Plan. 
2. Agenda Item G.3.a, Attachment 2:  Executive Summary of the Biological Opinion on the 

Long-Term Central Valley Project and State Water Project Operations Criteria and Plan. 
3. Agenda Item G.3.a, Attachment 3:  Essential Fish Habitat Conservation Consultation 
4. Agenda Item G.3.a, Attachment 4:  Biological Opinion on the Long-Term Central Valley 

Project and State Water Project Operations Criteria and Plan (on CD only). 
5. Agenda Item G.3.a, Attachment 5:  Letter to Dr. Jane Lubchenco recommending steps to 

optimize California salmon Production. 
 
Agenda Order: 
 
a. Agenda Item Overview Chuck Tracy 
b. Report on Biological Opinion Maria Rea 
c. Reports and Comments of Management Entities and Advisory Bodies 
d. Public Comment 
e. Council Discussion 
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NOAA Biological Opinion Finds California Water Projects Jeopardize Listed
Species; Recommends Alternatives

June 4, 2009

NOAA released its final biological opinion today that finds the water pumping operations in California’s Central Valley by the federal Bureau
of Reclamation jeopardize the continued existence of several threatened and endangered species under the jurisdiction of NOAA’s

Fisheries Service.

The bureau has provisionally accepted NOAA’s recommended changes to its water pumping operations, and said it will begin to implement
its near-term elements as it carefully evaluates the overall opinion.

Federal biologists and hydrologists concluded that current water pumping operations in the Federal Central Valley Project and the California
State Water Project should be changed to ensure survival of winter and spring-run Chinook salmon, Central Valley steelhead, the southern
population of North American green sturgeon and Southern Resident killer whales, which rely on Chinook salmon runs for food.

Two independent peer review panels were conducted to ensure the opinion is solidly grounded in the best available science. The package
was peer reviewed by the CalFed Independent Science Board and the Center for Independent Experts.

“What is at stake here is not just the survival of species but the health of entire ecosystems and the economies that depend on them,” said
Rod Mcinnis, southwest regional director for NOAA’s Fisheries Service. “We are ready to work with our federal and state partners, farmers
and residents to find solutions that benefit the economy, environment and Central Valley families.”

As part of the final opinion, NOAA’s Fisheries Service has provided a number of ways the bureau can operate the water system to benefit the
species, including increasing the cold water storage and flow rates. Such methods will enhance egg incubation and juvenile fish rearing, as
well as improve the spawning habitat and the downstream migration of juvenile fish.

Changing water operations will impact an estimated five to seven percent of the available annual water on average moved by the federal and
state pumps, or about 330,000 acre feet per year. Agricultural water use in California is roughly 30 million acre feet per year. Water
operations will not be affected by the opinion immediately and will be tiered to water year type. The opinion includes exception procedures
for drought and health and safety issues.

In addition, the opinion calls for the bureau to develop a genetics management plan and an acoustic tagging program to evaluate the
effectiveness of the actions and pilot passage programs at Folsom and Shasta reservoirs to reintroduce fish to historic habitat.

The American Recovery and Reinvestment Act will mitigate some costs resulting from the opinion’s recommended actions. The Department
of the Interior identified $109 million to construct a Red Bluff Pumping Plant that will allow the old Red Bluff Diversion Dam to be operated in a
"gates out" position to allow salmon and green sturgeon unimpeded passage. In addition, the Act contains $26 million to restore Battle
Creek, a salmon tributary to the Sacramento River.

The water projects included in the opinion are Shasta Dam at the upper headwaters of the Sacramento River, Folsom and Nimbus dams on
the American River, and New Melones Dam on the Stanislaus River. The opinion also covers the state and federal export facilities in the
Delta, the Nimbus hatchery on the American River, and the operations of diversion structures, including the Red Bluff Diversion Dam on the
mainstem Sacramento and the Delta Cross Channel gates in the Delta.

The bureau initiated the formal phase of consultation in May 2008 and then cooperated with NOAA’s Fisheries Service throughout the
development of the biological opinion and alternative actions in coordination with the U.S. Fish and Wildlife Service and the California
Departments of Water Resources and Fish and Game.

A copy of the final biological opinion and alternative actions may be found online.

NOAA understands and predicts changes in the Earth's environment, from the depths of the ocean to the surface of the sun, and conserves
and manages our coastal and marine resources.

NOAA - National Oceanic and Atmospheric Administration - NOAA Biol... http://www.noaanews.noaa.gov/stories2009/20090604_biological.html
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11  REASONABLE AND PRUDENT ALTERNATIVE  
 
11.1  OVERVIEW 
 
11.1.1  Approach to the RPA 
  
If NMFS finds that a proposed action is likely to jeopardize a listed species or adversely 
modify its critical habitat, the ESA requires NMFS to suggest those reasonable and 
prudent alternatives that it believes would enable the project to go forward in compliance 
with the ESA.  By regulation, a RPA is defined as “alternative actions identified during 
formal consultation that can be implemented in a manner consistent with the intended 
purpose of the action, that can be implemented consistent with the scope of the Federal 
agency’s legal authority and jurisdiction, that is economically and technologically 
feasible, and that the [NMFS] Director believes would avoid the likelihood of 
jeopardizing the continued existence of listed species or resulting in the destruction or 
adverse modification of critical habitat” (50 CFR 402.02). 
 
Regulations also require that NMFS discuss its findings and any RPAs with the action 
agency and utilize the action agency’s expertise in formulating the RPA, if requested (50 
CFR 402.14(g)(5)).  This RPA was developed through a thoughtful and reasoned analysis 
of the key causes of the jeopardy and adverse modification findings, and a consideration 
of alternative actions within the legal authority of Reclamation and DWR to alleviate 
those stressors.  NMFS has worked closely with Reclamation and DWR staff and greatly 
appreciates the expertise contributed by these agencies. 
 
Because this complex action takes place in a highly altered landscape subject to many 
environmental stresses, it has been difficult to formulate an RPA that is likely to avoid 
jeopardy to all listed species and meets all regulatory requirements.  As detailed in this 
Opinion, the current status of the affected species is precarious, and future activities and 
conditions not within the control of Reclamation or DWR are likely to place substantial 
stress on the species.  NMFS initially attempted to devise an RPA for each species and its 
critical habitat solely by modifying project operations (e.g., timing/magnitude of releases 
from dams, closure of operable gates and barriers, and reductions in negative flows).  In 
some cases, however, simply altering project operations was not sufficient to ensure that 
the projects were likely to avoid jeopardizing the species or adversely modifying critical 
habitat. 
 
Consequently, NMFS developed focused actions designed to compensate for a particular 
stressor, considering the full range of authorities that Reclamation and DWR may use to 
implement these actions.  These authorities are substantial.  The CVPIA, in particular, 
provides Reclamation with ample authority to provide benefits for fish and wildlife 
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through measures such as purchasing water to augment in-stream flow, implementing 
habitat restoration projects, and taking other beneficial actions (Cummins et al., 2008).  
Some RPA actions, therefore, call for restoring habitat or providing fish passage above 
dams, even though the water projects are not directly responsible for the impaired habitat 
or the blocked passage.   
   
NMFS concentrated on actions that have the highest likelihood of alleviating the stressors 
with the most significant effects on the species, rather than attempting to address every 
project stressor for each species or every PCE for critical habitat.  For example, water 
temperatures lethal to incubating eggs often occur when the air is warm and flows are 
low.  Fish cannot reach spawning habitat with colder water at higher elevations if it is 
above currently impassable dams.  Accordingly, NMFS’ near-term measures provide 
suitable water temperatures below dams in a higher percentage of years, and long-term 
measures provide passage to cooler habitat above dams as soon as practicable.  Reducing 
egg mortality from high water temperatures is a critical step in slowing or halting the 
decline of Central Valley salmonids.  
 
The effects analysis in this Opinion explains that the adverse effects of the proposed 
action on listed anadromous fish and their critical habitats are both direct and indirect.  
The USFWS stated in its biological opinion on effects of the projects on Delta smelt that 
in addition to direct adverse effects such as entrainment at the pumps, the water projects 
have affected smelt “by creating an altered environment in the Delta that has fostered 
both the establishment of non-indigenous species and habitat conditions that exacerbate 
their adverse influence on delta smelt population dynamics.” (USFWS 2008a, p. 189)  
Similarly, NMFS concludes that the water projects have both directly altered the 
hydrodynamics of the Sacramento-San Joaquin River basins and have interacted with 
other activities affecting the Delta to create an altered environment that adversely 
influences salmonid and green sturgeon population dynamics.  The altered environment 
includes changes in habitat formation, species composition, and water quality, among 
others.  Consequently, NMFS must take a broad view of the ways in which the project 
agencies can improve the ecosystem to ameliorate the effects of their actions. 
 
There are several ways in which water operations adversely affect listed species that are 
addressed in this RPA.  We summarize the most significant here: 
 

1) Water operations result in elevated water temperatures that have lethal and sub-
lethal effects on egg incubation and juvenile rearing in the upper Sacramento 
River.  The immediate operational cause is lack of sufficient cold water in storage 
to allow for cold water releases to reduce downstream temperatures at critical 
times and meet other project demands.  This elevated temperature effect is 
particularly pronounced in the Upper Sacramento for winter-run and main-stem 
spring-run, and in the American River for steelhead.  The RPA includes a new 
year-round storage and temperature management program for Shasta Reservoir 
and the Upper Sacramento River, as well as long-term passage prescriptions at 
Shasta Dam and re-introduction of winter-run into its native habitat in the 
McCloud and/or Upper Sacramento rivers.   



 
2) In Clear Creek, recent project operations have led to increased abundance of Clear 

Creek spring-run, which is an essential population for the short-term and long-
term survival of the species.  Nonetheless, in the proposed action, continuation of 
these operations is uncertain.  The RPA ensures that essential flows and 
temperatures for holding, egg incubation and juvenile survival will be maintained. 

 
3) Red Bluff Diversion Dam (RBDD) on the Sacramento River impedes both 

upstream migration of adult fish to spawning habitat and downstream migration 
of juveniles.  Effects are significant for winter-run and spring-run, but are 
particularly pronounced for green sturgeon and its proposed critical habitat in that 
a significant portion of the population is blocked from its spawning and holding 
habitat.  The RPA mandates gate openings at critical times in the short term while 
an alternative pumping plant is built, and, by 2012, opening of the gates all year. 

 
4) Both project and non-project effects have led to a significant reduction in 

necessary juvenile rearing habitat in the Sacramento River Basin and Delta.  The 
project’s flood control operations result in adverse effects through reduced 
frequency and magnitude of inundation of rearing habitat.  To minimize these 
effects, the RPA contains both short-term and long-term actions for improving 
juvenile rearing habitat in the Lower Sacramento River and northern Delta. 

 
5) Another major effect of water operations is diversion of out-migrating juveniles 

from the north Delta tributaries into the interior Delta through the open DCC 
gates.  Instead of migrating directly to the outer estuary and then to sea, these 
juveniles are caught in the interior Delta and subjected to pollution, predators, and 
altered food webs that cause either direct mortality or impaired growth.  The RPA 
mandates additional gate closures to minimize these adverse effects to winter-run, 
spring-run, and steelhead. 

 
6) Similarly, water pumping causes reverse flows, leading to loss of juveniles 

migrating out from the Sacramento River system in the interior Delta and more 
juveniles being exposed to the State and Federal pumps, where they are salvaged 
at the facilities.  The RPA prescribes Old and Middle River flow levels to reduce 
the number of juveniles exposed to the export facilities and prescribes additional 
measures at the facilities themselves to increase survival of fish.  

 
7) The effects analysis shows that juvenile steelhead migrating out from the San 

Joaquin River Basin have a particularly high rate of loss due to both project and 
non-project related stressors.  The RPA mandates additional measures to improve 
survival of San Joaquin steelhead smolts, including both increased San Joaquin 
River flows and export curtailments.  Given the uncertainty of the relationship 
between flow and exports, the RPA also prescribes a significant new study of 
acoustic tagged fish in the San Joaquin Basin to evaluate the effectiveness of the 
RPA and refine it over the lifetime of the project.   

 



8) On the American River, project-related effects on steelhead are pronounced due to 
the inability to consistently provide suitable temperatures for various life stages 
and flow-related effects caused by operations.  The RPA prescribes a flow 
management standard, a temperature management plan, additional technological 
fixes to temperature control structures, and, in the long term, a passage at Nimbus 
and Folsom Dams to restore steelhead to native habitat.   

 
9) On the Stanislaus River, project operations have led to significant degradation of 

floodplain and rearing habitat for steelhead.  Low flows also distort cues 
associated with out-migration.  The RPA proposes a year-round flow regime 
necessary to minimize project effects to each life-stage of steelhead, including 
new spring flows that will support rearing habitat formation and inundation, and 
will create pulses that cue out-migration. 

 
10) Nimbus Fish Hatchery steelhead program contribute to both loss of genetic 

diversity and mixing of wild and hatchery stocks of steelhead, which reduces the 
viability of wild stocks.  The Nimbus and Trinity River Hatchery programs for 
non-listed Fall-run Chinook also contribute to a loss of genetic diversity, and 
therefore, viability, for Fall-run.  The RPA requires development of Hatchery 
Genetics Management Plans to improve genetic diversity of both steelhead and 
fall-run Chinook, an essential prey base of Southern Resident Killer Whale. 

 
This RPA is composed of numerous elements for each of the various project divisions 
and associated stressors and must be implemented in its entirety in order to avoid 
jeopardy and adverse modification.  There are several actions that allow the project 
agencies options for alleviating a particular stressor.  Reclamation and DWR may select 
the option they deem most practical — NMFS cares only that the stressor be sufficiently 
reduced.  There are several actions in which NMFS expressly solicits additional research 
and suggestions from the project agencies for alternative actions to achieve needed 
results. 
 
NMFS recognizes that the RPA must be an alternative that is likely to avoid jeopardizing 
listed species or adversely modifying their critical habitats, rather than a plan that will 
achieve recovery.  Both the jeopardy and adverse modification standards, however, 
include consideration of effects on an action on listed species’ chances of recovery.  
NMFS believes that the RPA does not reduce the likelihood of recovery for any of the 
listed species.  The RPA cannot and does not, however, include all steps that would be 
necessary to achieve recovery.  NMFS is mindful of potential social and economic 
consequences of reducing water deliveries and has carefully avoided prescribing 
measures that are not necessary to meet section 7 requirements.   
  
An RPA must avoid jeopardy to listed species in the short term, as well as the long term.   
Essential short-term actions are presented for each division and are summarized for each 
species to ensure that the likelihood of survival and recovery is not appreciably reduced 
in the short term (i.e., one to five years).  In addition, because the proposed action is 
operation of the CVP/SWP until 2030, this consultation also includes long-term actions 



that are necessary to address project-related adverse effects on the likelihood of survival 
and recovery of the species over the next two decades.   
 
Some of these long-term actions will require evaluation, planning, permitting, and 
funding.  These include: 
 

1) Providing fish passage at Shasta, Nimbus, and Folsom Dams, which ultimately is 
the only means of counteracting the loss of habitat needed for egg incubation and 
emergence, and steelhead over-summering habitat at lower elevations.  This 
habitat loss has already occurred and will be exacerbated by climate change and 
increased water demands. 

 
2) Providing adequate rearing habitat on the lower Sacramento River and Yolo 

Bypass through alteration of operations, weirs, and restoration projects. 
 
3) Engineering projects to further reduce hydrologic effects and indirect loss of 

juveniles in the interior Delta. 
 
4) Technological modifications to improve temperature management in Folsom 

Reservoir. 
 
NMFS considered economic and technological feasibility in several ways when 
developing initial actions in this RPA.  The RPA also allows for tailored implementation 
of many actions in consideration of economic and technological feasibility without 
compromising the RPA’s effectiveness in avoiding jeopardy and adverse modification of 
critical habitat.  Examples include: 
 

1) Providing reasonable time to develop technologically feasible alternatives where 
none are “ready to go” – e.g., the Delta engineering action (Action IV.1.3), and 
lower Sacramento River rearing habitat action (Action I.6.1). 

 
2) Calling for a stepped approach to fish passage at dams, including studies and pilot 

projects, prior to a significant commitment of resources to build a ladder or invest 
in a permanent trap and haul program. 

 
3) Providing a health and safety exception for export curtailments. 

 
4) Using monitoring for species presence to initiate actions when most needed.  

 
NMFS examined water supply costs of the RPA as one aspect of considering economic 
feasibility.  While only costs to the action agency are considered in determining whether 
a RPA meets the regulatory requirement of economic feasibility, NMFS is mindful of 
potential social and economic costs to the people and communities that historically have 
depended on the Delta for their water supply.  Any water supply impact is undesirable.  
NMFS made many attempts through the iterative consultation process to avoid 



developing RPA actions that would result in high water costs, while still providing for the 
survival and recovery of listed species.  
 
NMFS estimates the water costs associated with the RPA to be 5-7% of average annual 
combined exports: 5% for CVP, or 130 TAF/year, and 7% for SWP, or 200 TAF/year[1].  
The combined estimated annual average export curtailment is 330 TAF/year.  These 
estimates are over and above export curtailments associated with the FWS Smelt 
Opinion.  The Old and Middle River flow restrictions in both Opinions tend to result in 
export curtailments of similar quantities at similar times of year.  Therefore, in general, 
these 330 TAF export curtailments are associated with the NMFS San Joaquin River 
Ratio actions in the RPA.  These water costs can be offset by application of CVPIA 
(b)(2) water resources, water conservation, groundwater use, water recycling and other 
processes currently underway.  
 
The RPA includes collaborative research to enhance scientific understanding of the 
species and ecosystems, and to adapt actions to new scientific knowledge.  This adaptive 
structure is important, given the long-term nature of the consultation and the scientific 
uncertainty inherent in a highly variable system.  Monitoring and adaptive management 
are both built into many of the individual actions and are the subject of an annual 
program review.  NMFS views both the CALFED Science Program and the NMFS 
Southwest Fisheries Science Center as essential partners in ensuring that the best 
scientific experts are brought together to assess the implementation and effectiveness of 
actions in this RPA.  We will continue to pursue many of the long-term recommendations 
for improving science as recommended by the CALFED and CIE peer reviews, and we 
will seek to incorporate this new science as it becomes available through the adaptive 
management processes embedded in the RPA. 
 
Finally, we note that the project agencies are currently developing and evaluating a plan 
to construct a diversion on the Sacramento River and a canal around the Delta, in the 
BDCP planning effort.  Such a reconfiguration of the water conveyance system would 
take careful planning to avoid jeopardizing Sacramento River and north Delta species, as 
well as several years of environmental review and permitting, and would trigger a re-
initiation of this Opinion.  We expect that the collaborative research that is part of this 
RPA will inform this planning effort as it proceeds. 
 
 
 
 
 

                                                 
[1] The proportional share between the CVP and SWP is attributable to CalLite programming and may not 
represent the true share of export reductions that would be allocated to each facility under actual conditions. 
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Magnuson-Stevens Fishery Conservation and Management Act 
 

ESSENTIAL FISH HABITAT CONSERVATION CONSULTATION 
 

Long-Term Operations of the  
Central Valley Project and State Water Project  

 
 

I.   IDENTIFICATION OF ESSENTIAL FISH HABITAT 
 
The Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), as amended 
(U.S.C. 1801 et seq,.), requires that Essential Fish Habitat (EFH) be identified and described in 
Federal Fishery Management Plans (FMPs).  Federal action agencies must consult with NOAA’s 
National Marine Fisheries Service (NMFS) on any activity which they fund, permit, or carry out 
that may adversely affect EFH.  If NMFS determines that a proposed Federal or State activity 
would adversely affect EFH, then NMFS is obligated to provide EFH conservation 
recommendations to the action agency.  The Federal action agency that receives the conservation 
recommendations must provide a detailed response in writing to NMFS within 30 days after 
receiving EFH conservation recommendations.  The response must include a description of 
measures proposed by the agency for avoiding, mitigating, or offsetting the impact of the activity 
on EFH.  In the case of a response that is inconsistent with NMFS EFH conservation 
recommendations, the Federal agency must explain its reasons for not following the 
recommendations.  16 U.S.C. §1855(b)(4)(B). 
 
EFH is defined as those waters and substrates necessary to fish for spawning, breeding, feeding, 
or growth to maturity.  For the purposes of interpreting the definition of EFH, “waters” includes 
aquatic areas and their associated physical, chemical, and biological properties that are used by 
fish, and may include areas historically used by fish where appropriate; “substrate” includes 
sediment, hard bottom, structures underlying the waters, and associated biological communities; 
“necessary” means habitat required to support a sustainable fishery and a healthy ecosystem; 
and, “spawning, breeding, feeding, or growth to maturity” covers all habitat types used by a 
species throughout its life cycle.  The action area of the proposed action is within the area 
identified as EFH for Pacific coast salmon species identified in Amendment 14 of the Pacific 
Coast Salmon FMP [Pacific Fishery Management Council (PFMC) 1999]. 
 
Chinook salmon (Oncorhynchus tshawytscha) are the largest of the Pacific salmon.  Chinook 
salmon are highly prized by commercial, sport, and subsistence fishers.  Pacific coast Chinook 
salmon stocks are managed by the Council under the Pacific Salmon FMP.  These stocks include 
fall- and late fall-run Chinook salmon from the Central Valley system. 
 
PFMC (1999) has identified and described EFH, and has identified adverse impacts and 
recommended conservation measures for salmon in amendment 14 to the Pacific Coast Salmon 
FMP.  Freshwater EFH for Pacific salmon in the California Central Valley includes waters 
currently or historically accessible to salmon within the Central Valley ecosystem as described in 
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Myers et al., (1998).  EFH includes not only the watersheds of the Sacramento and San Joaquin 
River basins but also the San Joaquin Delta (Delta) hydrologic unit (i.e., number 18040003), 
Suisun Bay hydrologic unit (18050001) and the Lower Sacramento hydrologic unit (18020109).   
Sacramento River winter-run Chinook salmon (O. tshawytscha), Central Valley spring-run 
Chinook salmon (O. tshawytscha), and Central Valley fall- and late fall-run Chinook salmon (O. 
tshawytscha; hereafter, specific Chinook salmon species are identified by run only) are species 
managed under the Pacific Coast Salmon FMP that occur in these basins, as well as the Delta, 
Suisun Bay, and Lower Sacramento units.   
 
Factors limiting salmon populations in the Delta include periodic reversed flows due to high 
water exports (drawing juveniles into large diversion pumps), loss of fish into unscreened 
agricultural diversions, predation by introduced species, and reduction in the quality and quantity 
of rearing habitat due to channelization, pollution, riprapping, etc. (Dettman et al,. 1987; 
California Advisory Committee on Salmon and Steelhead Trout 1988, Kondolf et al., 1996a, 
1996b).  Factors affecting salmon populations in Suisun Bay include heavy industrialization 
within its watershed and discharge of wastewater effluents into the bay.  Loss of vital wetland 
habitat along the fringes of the bay reduce rearing habitat and diminish the functional processes 
that wetlands provide for the bay ecosystem. 
 
A.  Life History and Habitat Requirements of Pacific Salmon 
 
General life history information for fall- and late fall-run is summarized below.  Information on 
winter-run and spring-run life histories is summarized in section 4 of the preceding biological 
opinion for the proposed action (Enclosure 1, hereafter referred to as Opinion).  Further detailed 
information on Chinook salmon Evolutionarily Significant Units (ESU) are available in the 
NMFS status review of Chinook salmon from Washington, Idaho, Oregon, and California 
(Myers et al., 1998), and the NMFS proposed rule for listing several ESUs of Chinook salmon 
(March 9, 1998, 63 FR 11482).   
 
Adult fall-run enter the Sacramento and San Joaquin rivers from July through December and 
spawn from October through December, while adult late fall-run enter the Sacramento and San 
Joaquin rivers from October to April and spawn from January to April [U.S. Fish and Wildlife 
Service (USFWS) 1998].   
 
Chinook salmon will spawn in water that ranges from a few centimeters to several meters deep 
provided that the there is suitable sub-gravel flow (Healey 1991).  Spawning typically occurs in 
gravel beds that are located in marginally swift riffles, runs, and pool tails with water depths 
exceeding one foot and velocities ranging from 1 to 3.5 feet per second.  Preferred spawning 
substrate is clean loose gravel ranging from one to four inches in diameter with less that five 
percent fines (Reiser and Bjornn 1979).  
 
Egg incubation occurs from October through March (Reynolds et al., 1993).  Shortly after 
emergence from their gravel nests, most fry disperse downstream towards the Delta and into the 
San Francisco Bay and its estuarine waters (Kjelson et al., 1982).  The remaining fry hide in the 
gravel or station in calm shallow waters with bank cover such as tree roots, logs, and submerged 
or overhead vegetation.  These juveniles feed and grow from January through mid-May, and 
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emigrate to the Delta and estuary from mid-March through mid-June (Lister and Genoe 1970).  
As they grow, the juveniles associate with coarser substrates along the stream margin or farther 
from shore (Healey 1991).  Along the emigration route, submerged and overhead cover in the 
form of rocks, aquatic and riparian vegetation, logs, and undercut banks provide habitat for food 
organisms, shade, and protect juveniles and smolts from predation. 
 
B. Pacific Coast Salmon Fishery Management Plan 
 
As noted by the PFMC, Chinook salmon eggs, alevins, and juveniles in freshwater streams 
provide an important nutrient input and food source for aquatic invertebrates, other fishes, birds, 
and small mammals.  The carcasses of Chinook salmon adults can also be an important nutrient 
input in their natal watersheds, as well as providing food sources for terrestrial mammals such as 
bears, otters, minks, and birds such as gulls, eagles, and ravens.  Finally, Chinook salmon in the 
marine environment serve as a source of prey in the diet of other fishes, marine mammals, and 
coastal sea birds.  Southern Resident killer whales feed primarily on salmon, and some pinnipeds 
have learned to return to areas that concentrate salmon as they migrate upstream (e.g., 
Bonneville Dam on the Columbia River). 
 
In 1999, the PFMC identified EFH for Central Valley Chinook salmon stocks to include the 
Sacramento and San Joaquin rivers and their tributaries as EFH3.  Freshwater EFH for Chinook 
salmon consists of four major habitat functions:  (1) spawning and incubation; (2) juvenile 
rearing; (3) juvenile migration corridors; and 4) adult migration corridors and adult holding 
habitat (PFMC 1999).  Projected impacts associated with the proposed action are expected to 
eliminate, diminish, and/or disrupt these EFH habitat functions for fall- and late fall-run at many 
sites within the project area.  As concluded in the EFH Assessment prepared by the U.S. Bureau 
of Reclamation (Reclamation; Reclamation 2008a), Central Valley Project (CVP) and State 
Water Project (SWP) operations will adversely affect the EFH of fall- and late fall-run.     
 
In developing its EFH Conservation Recommendations, NMFS recognized that all appropriate 
and practicable steps to avoid adverse effects to EFH and measures to minimize remaining 
adverse affects are constrained due to the existing operational conditions in the Central Valley 
that have transpired over the lifetime of managing water in the Central Valley.  Consequently, 
available opportunities to avoid and minimize adverse effects may be limited.  In addition, 
NMFS recognizes that there may be potential conflicts in fulfilling its conservation mandates 
under the Endangered Species Act (see Opinion) and protecting EFH for particular locations.  
Generally, however, actions (e.g., restrictions on Delta pumping, increased flows in tributaries) 
to protect listed anadromous fish species will provide benefits to non-listed salmonids (e.g., fall- 
and late fall-run), since they share similar habitats and respond to environmental impacts in a 
comparable fashion. 
 
Due to these limitations to avoid and minimize EFH impacts, NMFS believes that available 
conservation measures may be insufficient to offset the expected further deterioration of EFH 
habitat functions in parts of the project area.  Consequently, the agency included EFH 
Conservation Recommendations that advise Reclamation to consider compensatory mitigation as 
part of this consultation.  As stated in the EFH regulations [50 CFR §600.905 (b)], the EFH 
Conservation Recommendations provided by NMFS “...may include measures to avoid, 
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minimize, mitigate, or other otherwise offset adverse effects on EFH from actions or proposed 
actions authorized, funded, or undertaken...” by the Federal action agency.  Consequently, the 
agency believes that in order to provide meaningful EFH Conservation Recommendations for 
conserving and enhancing EFH, it needs to look beyond options for avoiding and minimizing 
adverse affects and also include compensatory mitigation for conserving and enhancing Chinook 
salmon EFH.   
 
For this EFH consultation, compensatory mitigation is defined as activities used to offset 
unavoidable adverse impacts on stream miles and associated habitat functions and values by 
restoring, enhancing, or creating Chinook salmon habitat in other locations.  In examining 
mitigation options, the agency recognizes that the proposed action occurs within the context of 
other water dependent operations that can also affect water quality and quantity.  Because all 
aspects of Central Valley water usage are interrelated and interdependent, NMFS believes that 
reasonable opportunities for compensatory mitigation should look beyond the scope of the 
proposed action and consider opportunities related to other water dependent operations.  That is, 
in order to properly mitigate, NMFS recognizes that Reclamation may need to look beyond its 
own operations in order to improve the functions and values of Chinook salmon EFH by 
combining suggested mitigation efforts with other government programs and initiatives as well 
as with non-regulatory initiatives and partnerships. 
 
 

II.   PROPOSED ACTION 
 
The proposed action is the long-term operations of the CVP and SWP, described in the Appendix 
1 to the Opinion, and as modified by the NMFS Reasonable and Prudent Alternatives (RPA).  In 
general, Reclamation proposes to continue the operation of the CVP and SWP in the Central 
Valley, California.  In addition to operations, several other actions are included in this 
consultation.  These actions are:  (1) an intertie between the California Aqueduct and the Delta-
Mendota Canal; (2) Freeport Regional Water Project; (3) changes in the operation of the Red 
Bluff Diversion Dam (RBDD); and (4) Alternative Intake Project for the Contra Costa Water 
District. 
 
 

III. EFFECTS OF THE PROPOSED ACTION 
 
The effects of the proposed action on winter-run and spring-run habitat are described at length in 
section 6 (Effects of the Action) of the Opinion and are generally expected to apply to Pacific 
Coast Salmon EFH.  The following provides additional analysis and effects on fall- and late fall-
run habitat. 
 
A. Clear Creek 
 
EFH for fall-run and late fall-run on Clear Creek has been improved by years of restoration work 
and the removal of Saeltzer Dam in 2000, which provided an additional 12 miles of spawning 
habitat.  Funded for restoration, gravel augmentation, and increased flows has come from 
CALFED’s Ecosytem Restoration Program and a separate Clear Creek Restoration Program 
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included in the Central Valley Project Improvement Act (CVPIA).  Since 1995, increased 
releases from Whiskeytown Dam under the CVPIA section 3406 (b)(2) (hereafter referred to as 
(b)(2) water) have been providing suitable habitat and water temperatures for fall-run and late 
fall-run Chinook.  The ten-year average (1997- 2007) fall-run escapement is 8,979 adults (CDFG 
GranTab data 2008).  Recent surveys by the USFWS (2003-2008) have also observed an average 
of 64 late fall-run spawning in Clear Creek (USFWS 2008) 
 
Abundance has generally improved overall since the 1950s, but decreased in the last several 
years consistent with other fall-run populations in the Central Valley.  Lack of (b)(2) for fall-run 
would have a significant impact of the amount of habitat available for spawning and rearing.  
Actions as part of the RPA taken to provide suitable conditions for spring-run and steelhead will 
generally provide suitable conditions for other Chinook salmon races as well.  Contrary to the  
most recent in-stream flow studies (USFWS 2007a) increasing flows to 600 cubic feet per 
second (cfs) for spring-run would negatively impact other Chinook salmon races by dewatering 
redds later when the flows are dropped to conserve storage (i.e., most of the flow in Clear Creek 
originate from releases diverted from the Trinity River).  The use of pulse flows to attract spring-
run adults into Clear Creek, as described in the RPA, would aide out-migrating juvenile fall-run 
smolts by improving survival to the Sacramento River.  The RPA also increases the frequency of 
flood control spills in every other year, which would improve habitat in general for all salmonids 
by moving spawning gravels downstream from injection sites and improving the diversity of 
rearing habitat available to multiple listed and non-listed species.  Replacement of the 
Temperature Curtain in Whiskeytown Reservoir has been shown to improve cold water into 
Keswick Reservoir and may indirectly provide colder water to Clear Creek. 
 
Based on the available evidence, the proposed RPA is expected to have beneficial impacts on 
Clear Creek fall-run/late fall-run EFH through greater flows for channel maintenance, continued 
water temperature requirements, and continued implementation of restoration and gravel 
augmentation programs.  Adverse effects of climate warming are expected to be buffered by 
improved freshwater habitat diversity (Lindley 2009). 
 
B.  Upper Sacramento River Main Stem 
 
Fall-run on the main stem Sacramento River have also shown a steady decline in abundance 
since 1999 (Figure 1).  This long-term trend is partly attributed to operating Shasta Dam releases 
for temperature control and ramp downs in the fall to conserve storage.  More recently, in the last 
three years, the decline in fall-run is consistent with Central Valley-wide declines attributed to 
poor ocean conditions (National Oceanic and Atmospheric Administration 2007).  Conversely, 
late fall-run on the main stem Sacramento River have shown a stable and increasing trend in the 
recent past (Figure 2).  Shasta Dam releases are typically reduced in the fall to conserve storage 
after the irrigation season.  This reduction in fall flows can strand and dewater Chinook salmon 
redds that are located in shallow riffle areas in the upper Sacramento River (Red Bluf Diversion 
Dam [RBDD] to Keswick Dam). 
 
Chinook salmon spawning above RBDD is negatively impacted by water temperature 
management proposed in the proposed action (Reclamation 2008, hereafter referred to as 
CVP/SWP operations BA).  The use of cold water reserves for winter-run through the summer 
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impacts Chinook spawning in September and October since the cold water is typically used up 
by the end of August.  Temperature modeling indicates that in 50 percent of the years water 
temperatures will be above the temperature control criteria (56oF) between Keswick Dam and 
Balls Ferry and cannot be met from Balls Ferry to Bend Bridge.  Therefore, future operations are 
expected to reduce the available spawning habitat for Chinook salmon (i.e., spring-run, fall-run) 
and increase the mortality to eggs and pre-emergent fry.  With climate change, egg and fry 
mortality are predicted to increase on average ten percent (Figures 3 to 5, CVP/SWP operations 
BA Salmon Mortality Model). 
 
Under the RPA, temperature management would improve the likelihood that cold water would 
be available through the fall by increasing the carryover storage level in Shasta Reservoir during 
critically dry years.  These years represent approximately ten percent of the historical years 
modeled by CalSim.  Adverse impacts associated with dry year impacts would still occur with 
future climate change (drier, less precipitation) but would only impact approximately 13 percent 
of those fall-run population that spawn below the compliance point (see fall-run technical 
memos, Hannon 2009, and Oppenheim 2009 Appendix 3). 
 
Fall- and late fall-run adults migrate up the Sacramento River in late summer through late winter 
(August – March).  Fall-run and late fall-run utilize the main stem of the Sacramento River 
upstream of the RBDD, although a small percentage of the run spawns just downstream of the 
RBDD.  RBDD gates will be raised on or before September 1, thereby blocking or delaying 
some of the upstream-migrating adult fall-run prior to September 1.  After 2012, the RBDD gates 
will no longer be lowered; therefore, there will no longer be any adult Chinook salmon delays at 
RBDD.  Interim gate operations under the RPA allow a two-month gate closure (July through 
August) until 2012, or a new pumping plant is constructed.  With the gates out September 1, 
approximately ten percent of fall-run adults passing RBDD will no longer be delayed (TCCA 
2008).  After 2012, the gates will be open year-round and approximately 25 percent of the fall-
run adults will have unimpeded passage upstream.  In addition, approximately eight percent of 
the juvenile fall-run will no longer experience delays in Lake Red Bluff and increased predation 
from passing downstream under the gates in May, June, and July (TCCA 2008).  The highest 
density spawning area occurs from the City of Anderson upstream to the first riffle downstream 
of Keswick Dam.  Based on recent RBDD ladder counts, the percentage of other races 
encountering delays would be approximately 15 percent for winter-run, 70 percent for spring-
run, and 0 percent for late fall-run (TCCA 2008).   
 
The RPA includes restoration projects in Battle Creek and other tributaries to expand habitat for 
spring-run and winter-run.  These restoration projects are likely to improve passage and habitat 
for fall-run and late-fall Chinook as well. 
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Figure 1.  Fall-run Chinook salmon escapement above Red Bluff Diversion Dam 1956 – 2007.  Years in 
parentheses indicate preliminary data [California Department of Fish and Game (CDFG) 2008]. 
 
 

 
Figure 2.  Late fall-run Chinook salmon escapement above Red Bluff Diversion Dam from 1971 – 2007.  
Years in parentheses indicate preliminary data (CDFG 2008). 
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Figure 3.  Sacramento River fall-run Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.  All studies except 9.0 include a 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (Reclamation 2008a Figure 49). 
 

 
Figure 4.  Sacramento River late fall-run Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.  All studies except 9.0 include a 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (Reclamation 2008a Figure 50). 
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Figure 5.  Sacramento River average Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.  All studies except 9.0 include a 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (Reclamation 2008a Figure 51). 
 
Fall- and late fall-run spawning the upper Sacramento River are adversely affected in all years 
when flows are kept high for agricultural demand (i.e., rice decomposition) and then decreased in 
the fall to conserve water in Shasta Reservoir.  Large numbers of fall-run redds have been 
dewatered in the upper Sacramento River when flows are lowered after the rice decomposition 
program (September – November) is completed and Shasta Dam releases decrease.  The RPA at 
Shasta Reservoir is designed to minimize these future adverse effects through conserving water 
in Shasta reservoir on a year-round basis, and operating more conservatively (i.e., assuming that 
any initial dry-year hydrology could be the beginning of a drought sequence).  Therefore, these 
adverse effects will be minimized, but not eliminated.  What is unknown at this time is how 
higher storage levels in Shasta will effect fall-run and late fall-run spawning through more 
frequent flood control spills (i.e., redd scouring, dewatering, isolation, and stranding events).  
NMFS will analyze this impact when data becomes available and, through the use of technical 
teams identified in the RPA, will adaptively manage this impact.  Consequently, it is anticipated 
that some redd dewatering will continue in the future condition.   
 
Outmigrating Chinook salmon juveniles are also subjected to potential entrainment from water 
diversions located along the Sacramento River — of the 879 diversions only 91 (11 percent) 
currently have fish screens (Calfish data base and AFSP 2009 annual report).  These diversions 
adversely affect EFH by disrupting migration, diverting juveniles into unsuitable rearing habitat, 
and killing fish outright   The RPA insures that continued funding of fish screens will continue 
through the AFSP to reduce entrainment at unscreened diversions. 
 

 9



Based on the available evidence, the proposed action is expected to adversely impact Sacramento 
River fall-run and late fall-run EFH through continuing degradation of spawning and rearing 
habitat, water temperature-related impacts, reduced flows, and entrainment at unscreened water 
diversions.  Increased level of water demands through 2030, reduced diversions from the Trinity 
River, and future climate warming would exacerbate water temperature-related impacts to EFH.  
However, the many actions within the RPA will generally improve EFH for naturally spawning 
fall-run and late-fall run by improving adult passage at RBDD, increasing juvenile survival (i.e., 
reducing predation, and entrainment at diversions), reducing water temperature related impacts, 
increasing reservoir storage, and restoring EFH in tributary spawning areas. 
 
C.  American River 
 
This effects analysis assumes that impacts on lower American River Chinook salmon and their 
habitat that are expected with implementation of the proposed Project will be similar to (or more 
severe than) the impacts associated with the American River Division of the CVP, which have 
occurred in the recent past (e.g., within the last ten years).  This assumption is reasonable 
because the proposed action includes the continued operation of the American River Division 
through 2030 to meet increasing water demands.  From 2000 through 2006, annual water 
deliveries from the American River Diversion ranged from 196 thousand acre-feet (taf) in 2000 
to 297 taf in 2005.  In the CVP/SWP operations BA, present level water demands for the 
American River Division were modeled at 325 taf per year, and the 2030 water demands are 
modeled at nearly 800 taf per year; an annual demand about 2.7 to 4.0 times higher than the 
annual deliveries from 2000 through 2006.   
 
The only persistent Chinook salmon population spawning in the American River is the fall-run.  
However, it should be noted that approximately 200 adult late fall-run returned to the American 
River in 2008.  Analysis of coded wire tags revealed that most of these late fall-run were released 
in 2007 from Coleman National Fish Hatchery.  Because these fish were hatchery stays, and it is 
uncertain whether a persistent naturally spawning population will emerge from this stray event, 
this American River EFH analysis will focus on fall-run.   
 
Fall-run on their upstream spawning migration generally enter the American River beginning in 
September, with peak migration occurring during October and November.  Spawning typically 
occurs from October through December, with fry emergence usually beginning in mid-to late 
January and peaking during mid- to late February.  Fall-run emigration primarily occurs in the 
lower American River from January through June, with most salmon emigrating as post-
emergent fry or young-of-year juveniles (Surface Water Resources, Inc. 2001). 
 
Most spawning occurs in the upper three miles of river from Goethe Park upstream to Nimbus 
Dam.  In general, the primary factors potentially limiting fall-run production within the lower 
American River are believed to be high water temperatures and flow fluctuations during portions 
of their freshwater residency in the river.  Habitat quality during the adult immigration and 
spawning life stages is expected to be affected by the continued operation of the proposed action.  
High water temperatures during these life stages can delay the onset of Chinook salmon 
spawning and cause pre-spawning mortality of adults and latent mortality of incubating embryos.  
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These types of water temperature-related effects to Chinook salmon occur in the lower American 
River.  As described in Water Forum (2005):   
 

“In November 2001, the average daily water temperature at Watt Avenue in the lower 
American River was 61°F.  Pronounced pre-spawning adult mortality as well as increased 
latent mortality to incubating embryos reportedly can result when ripe adult female Chinook 
salmon are exposed to water temperatures beyond the 56°F to 60°F range (McCullough 
1999).  Pre-spawning mortality of fall-run Chinook salmon was reported by CDFG to be 
approximately 67 percent during the 2001 adult immigration and adult spawning season, 
presumably because of high water temperatures (Healy 2004 in Lamb 2004).” 

 
Water temperature exceedence plots presented in the CVP/SWP operations BA demonstrate that 
with implementation of the proposed action adult Chinook salmon will be exposed to stressful 
water temperatures (> 60°F) during September, October, and November.  During September, 
water temperatures are expected to range from just over 64°F during the coolest years up to 
about 71°F during the warmest years (Figure 6).  In most years, by October, water temperatures 
are expected to have cooled to levels more suitable for successful spawning, but are still 
expected to be stressful to Chinook salmon immigration, spawning, and initial embryo 
incubation in 30 percent of the years (Figure 7).  Even in November, water temperatures are 
expected to exceed 60°F in the warmest years (Figure 8), as was observed in 2001.  In dry years, 
diversions from Folsom Reservoir, the need to make reservoir releases in order to meet Delta 
water quality objectives and demands, and the need to meet the water temperature requirements 
identified in this Opinion for steelhead throughout the summer, will likely limit the availability 
of coldwater for fall-run.  In those years, the ability to provide 60°F or less in the lower 
American River will be largely dependent on ambient cooling of Folsom Reservoir.   
 
Chinook salmon egg mortality modeling results presented in Appendix M of the CVP/SWP 
operations BA show that egg mortality is expected to range from about ten percent in above 
normal water year types to about 22 percent in critically dry years.   
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Figure 6.  Exceedence plot of modeled water temperatures in the lower American River near Watt Avenue 
during September.  This Figure was obtained from the CVP/SWP operations BA. 
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Figure 7.  Exceedence plot of modeled water temperatures in the lower American River near Watt Avenue 
during October.  This figure was obtained from the CVP/SWP operations BA. 
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Figure 8.  Exceedence plot of modeled water temperatures in the lower American River near Watt Avenue 
during November.  This figure was obtained from the CVP/SWP operations BA. 
 
Effects of flow fluctuations on lower American River salmonids have been examined in CDFG 
(2001), Reclamation (2002), and Water Forum (2005).  The following discussion was derived 
from these studies.  Reservoir operations that cause river flows to exceed and then decrease 
below certain water surface elevations have been identified as a source of mortality to lower 
American River salmonids because of redd dewatering, fry stranding, and juvenile isolation.  
Redd dewatering is reported to occur when flows are decreased from commonly observed 
spawning flow levels (e.g., 1,000 to 4,000 cfs; CDFG 2001).  Redd dewatering can affect 
salmonid embryos and alevins by impairing development and causing direct mortality due to 
desiccation, insufficient oxygen levels, waste metabolite toxicity, and thermal stress (Becker et 
al., 1982, Reiser and White 1983).  Isolation of redds in side channels can result in direct 
mortalities due to these factors, as well as starvation and predation of emergent fry.  In 2006, 
about four Chinook salmon redds were dewatered and about 40 more total redds of unknown 
species were dewatered at Nimbus Basin and Sailor Bar (Figure 9, Hannon and Deason 2008).   
 
Rapid flow decreases from flow levels that inundated low and medium sloping gravel bars when 
salmonid fry are present in the lower American River (i.e., late-December through May) 
reportedly can result in fry stranding (CDFG 2001).  In 2003, several observations of Chinook 
salmon stranding were made, including one made by the California Department of Fish and 
Game (CDFG) where up to 10,000 Chinook salmon fry were stranded on an island near the 
lower Sunrise area (Water Forum 2005).   
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Figure 9.  Dewatered redds at Nimbus Basin and Sailor Bar, February 2006 (figure was modified from 
Hannon and Deason 2008). 
 
Also, as flows in the lower American River approach and exceed 4,000 cfs, many areas in the 
lower American River channel reportedly become inundated and subsequently are newly 
available to rearing fish (CDFG 2001).  Thus, reductions in flow, after flows reach or exceed 
4,000 cfs, have the potential to isolate juvenile salmonids (CDFG 2001).  On April 28, 2004, 
CDFG reported that seining surveys within the isolation areas along the lower Sunrise side 
channel indicated that more than 2,000 juvenile Chinook salmon/seine haul had been isolated 
from the main channel (Water Forum 2005).  CDFG seining surveys also collected more than 
300 juvenile Chinook salmon/seine haul from an isolated area near Sunrise Boulevard (not the 
lower Sunrise side channel) and from an area near Watt Avenue (Water Forum 2005) 
 
Based on the available evidence, the proposed Project is expected to adversely impact American 
River fall-run EFH through water temperature- and flow fluctuation-related effects.  Both 
increasing water demands through 2030 and local warming expected with climate change would 
exacerbate water temperature-related impacts to EFH.   
 
D.  Stanislaus River 
 
The Stanislaus River is the northernmost tributary in the San Joaquin River basin used by 
Chinook salmon.  The river supports fall-run and small populations of late fall-run.  These 
populations are at a low and declining state (Figure 10). 
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Figure 10.  Estimated yearly natural production, and in river escapements of Stanislaus River adult fall-run 
Chinook salmon.  1952-1966 and 1992-2007 numbers are from CDFG (2008).  Baseline numbers (1967-1991) 
are from Mills and Fisher (1994).  Data were not available for 1982.  Graphic from 
http://www.fws.gov/stockton/afrp/. 
 
Salmonid spawning habitat availability and quality has been reduced on the order of 40 percent 
since 1994 (Kondolf et al., 2001).  Mesick (2001) hypothesized that this reduction is likely 
underestimated, based on the sampling methodology of that assessment.  His results indicated 
that higher concentrations of fine sediments and low intragravel dissolved oxygen in riffles 
downstream of Orange Blossom Bridge would be expected to reduce fall-run egg survival by 23 
percent, as compared to the natural riffles at the Orange Blossom Bridge and upstream.  
Operational criteria have resulted in channel incision of one to three feet since the construction 
and operation of New Melones Reservoir (Kondolf et al., 2001).  This downcutting, combined 
with operational criteria, have effectively cut off overbank flows. These flows would have 
inundated floodplain rearing habitat as well as provided areas for fine sediment deposition, rather 
than within spawning gravels as occurs now.  Additionally, the flow reductions in late spring and 
early summer are too rapid to allow recruitment of large riparian trees, such as Fremont 
cottonwoods.  Consequently, within 10 to 20 years, as existing trees senesce and fall, there will 
be no younger riparian trees to replace them, resulting in less riparian shading, higher in-stream 
temperatures, less food production from allochthonous sources, and less large woody debris 
(LWD) for nutrients and channel complexity.   
 
Past operations of the East Side Division have eliminated channel forming flows and geomorphic 
processes that maintain and enhance salmon spawning beds and juvenile rearing areas associated 
with floodplains and channel complexity.  The reduction in peak, channel-forming flows over 
time is summarized in Table 1 (from Kondolf et al., 2001).  Since the operation of New Melones 
Dam, channel-forming flows above 8,000 cfs have been reduced to zero, and mobilizing flows in 
the 5,000-8,000 cfs range have only occurred twice in the past ten years.  Channel-forming flows 
are important to rejuvenate spawning beds and floodplain rearing habitat and to recruit 
allochthonous nutrients and large wood into the river.  
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Status quo operations will result in further degradation of spawning habitat and rearing habitat 
Reduction and degradation of spawning gravels directly reduces the productivity of the species 
by reducing the amount of usable habitat area and causing direct egg mortality.  Lower 
productivity leads to a reduction in abundance.  Restoration actions have improved spawning 
riffles, but these need to be implemented at a higher level to balance losses of gravel mobilized 
by normal flows.  Implementation of salmon habitat projects that restore floodplain connectivity 
and strategic implementation of channel-forming flows are important actions needed to restore 
and maintain adequate rearing conditions for fall-run. 
 
Table 1.  Summary of flow conditions on the Stanislaus River during historical periods from 1904-1998.  New 
Melones Dam construction was completed in 1979.  Goodwin Dam was completed in 1912 and the first dam in 
the basin dates at 1853 (Kondolf et al. 2001 table 5.2). 

 
Construction of the dams on the Stanislaus River has prevented anadromous salmonids from 
accessing their historical habitat.  The populations persists in a reach of the river that historically 
was unsuitable because of high temperatures (Lindley et al., 2006), and current utilization of 
these reaches is successful only if dam operations are managed to maintain suitable temperatures 
for all life history stages of salmon.  There are no temperature control devices on any of the East 
Side Division facilities, so the only mechanism for temperature management is direct flow 
management.  This has been achieved in the past through a combination of augmenting baseline 
water operations, for meeting senior water right deliveries and D-1641 water quality standards, 
with additional flows from:  (1) the CDFG fish agreement; and (2) from (b)(2) or (b)(3) water 
acquisitions.  The analysis of temperature effects presented in the CVP/SWP operations BA 
(Appendix I) assumes that these augmentations will be available.  If water for fish needs is 
indeed allocated as their model suggests, future operations likely would meet fall-run 
temperature needs, except in dry or critical years, depending on the future climate change and 
assuming that (b)(2) and (b)(3) water allocations can be made.   
 
The Project Description does not specify how (b)(2) or (b)(3) water are committed for fishery 
uses of any particular amount, timing, or duration.  The CVP/SWP operations BA analysis does 
not evaluate their assumptions without the addition of CVPIA assets for fish, so the change in 
temperature of these reduced flows for fish cannot be quantified with available data.   
 
Aceituno (1993) applied the in-stream flow incremental methodology to the Stanislaus River 
between Riverbank and Goodwin Dam (24 river miles) and determined that 155 taf was needed 
to maximize weighted usable habitat area for fall-run, not including outmigration flows or fall 
attraction flows.  This study also identified that in-stream flow needs for each life history stage 
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are somewhat different between fall-run and steelhead (Table 2).  Steelhead flow needs are 
somewhat lower than fall-run needs for some life stages, but potentially higher for adult 
migration.  The total amount of water needed for maximum in-stream habitat support is equal to 
or greater than 155 taf, and also greater than 98.3 taf fishery agreement allotment to CDFG.   
 
The proposed allocation-year strategy for the East Side Division fundamental operating 
principles only commits to providing sufficient water for fisheries in 41 percent of the years, 
based on operations since 1982 (Table 3).  The CDFG Fish Agreement allotment alone is less 
than what fall-run need, but the CDFG allocation schedule is predominantly directed by Chinook 
salmon needs.  Consequently, fall-run are likely to have unmet flow needs less often than 
steelhead.  If (b)(2) or (b)(3) water is available, this effect could be reduced in some Mid-
Allocation years.  Because the guidance for allocation of (b)(2) and (b)(3) water specifically for 
the Stanislaus River is not specific, the magnitude of this reduction cannot be determined. 
 
Table 2.  Comparison by life stage of instream flows which would provide maximum weighted usable area of 
habitat for steelhead and Chinook salmon in the Stanislaus River, between Goodwin Dam and Riverbank, 
California (adapted from Aceituno 1993).  No value for Chinook salmon adult migration flows was reported. 

 
 

Life Stage 

 
Steelhead Flow 

Steelhead 
Timing 

Fall-Run 
Chinook 

Salmon Flow 

Fall-Run 
Chinook 

Salmon Timing 
Spawning 200 Dec-Feb 300 Oct 15-Dec 31 
Egg incubation/ 
fry rearing 

50 Jan – Mar 150 Jan. 1-Feb 15 

Juvenile rearing 150 all year 200 Feb 15-Oct 15 
Adult migration 500 Oct-April -  
 
Table 3.  Occurrence of High Allocation, Mid-Allocation and Conference Year types for New Melones 
Transitional Operation Plan, based on New Melones Operations since 1982 (data available at 
http://cdec.water.ca.gov). 

Allocation Year Type Fishery 
Allocation 

% occurrence 1982-2008 

High Allocation Years New Melones 
Index is greater than 1.7 MAF  457 TAF 41% 

Mid-Allocation 98.3 TAF 33% 
“Conference Year” conditions – New 
Melones Index is less than 1.0 MAF unspecified 26% 

 
The IFIM analysis did not include an assessment of the volume of water needed for a spring 
pulse flow to convey fall-run from the Stanislaus River into the Delta.  The San Joaquin River 
Agreement (SJRA) and associated Vernalis Adaptive Management Program (VAMP) were 
agreed upon by the State Water Resources Control Board and the signatory parties as a 
mechanism to address this fishery need in the context of refining the understanding of what 
specific flow standards are needed to meet the requirements of the 1995 Water Quality Control 
Plan.  The SJRA will conclude in 2011, and the funding for VAMP studies and flows is 
scheduled to end in 2009.  The Project Description indicates that Reclamation and the California 
Department of Water Resources (DWR) intend to “continue VAMP-like flows”, but the 
description of these flows lacks critical fish benefits now provided by the SJRA and VAMP.  
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Under the SJRA, operators on the Tuolumne and Merced rivers release spring pulse flows in a 
manner coordinated with Stanislaus River pulse flows to convey salmonids from these tributaries 
into the San Joaquin River and to the Delta.  When the SJRA concludes, there will be no 
commitment by operators on the Merced and Tuolumne rivers to continue with spring pulse 
flows.  This will affect fall-run in the Stanislaus by requiring modification of New Melones 
operations to meet Vernalis water quality standards. 
 
Without the SJRA in effect, Reclamation is solely responsible to meet water quality standards 
(flow and salinity) at Vernalis.  Without the contribution from rivers upstream of the Stanislaus, 
Reclamation likely will be required to release more water from New Melones in order to meet 
that standard.  This can result in unsuitable flows and temperatures for fall-run, dewatering of 
redds, and reduction of storage volumes at the end of September.  This last factor will result in 
more years falling into the Conference Year or Mid-Allocation Year categories, which provide 
less suitable conditions for fall-run as described above on a more frequent basis.   
 
Flows are projected to be adequate for fall-run spawning in High Allocation years, which have 
occurred 41 percent of the time, but temperatures will be warm in the lower part of the river 
during the early part of the adult immigration period.  In Mid-Allocation years, supplementary 
water from b(2) or b(3) will be required if adequate flows are to be maintained for fall-run.  
Under dry conditions, notably Conference Years, flows are likely to be less than desirable for 
optimal outmigration prior to the VAMP period and for adult immigration in the fall.  Since the 
future implementation of “VAMP-like flows” is uncertain, fall-run outmigration is expected to 
be impeded by lack of increased flows. 
 
Based on the available evidence, the proposed action is expected to adversely impact Stanislaus 
River fall-run EFH through continuing degradation of spawning and rearing habitat, water 
temperature-related, and low flow-related effects.  Both increasing water demands through 2030 
and local warming expected with climate change would exacerbate water temperature-related 
impacts to EFH.   
 
E.  Delta Ecosystem 
 
Juvenile fall- and late fall-run normally migrate down from the Sacramento and San Joaquin 
River basins through the rich feeding grounds of the Delta to the San Francisco Estuary, then 
into the Pacific Ocean.  The suitability of the Delta migration corridor as part of juvenile salmon 
rearing EFH is reduced by various aspects of the proposed action.  Adverse impacts to EFH 
related to the ongoing project action may complicate normal habitat functions.  Such impacts 
include, but are not limited to, prolongation of migration routes (i.e., entrainment into complex 
channel configurations under the influence of pumping hydraulics makes it difficult for salmon 
to find their way to the ocean), increasing exposure to elevated water temperatures in late spring, 
increasing susceptibility to predators, and adding direct mortality from salvage and entrainment 
operations.  
 
Once juvenile salmon are in the vicinity of the SWP and CVP export water diversion facilities, 
they are more likely to be drawn into these facilities during water diversion operations.  Water 
diversions are expected to increase under the near future and future operations of the CVP and 
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SWP.  With exports increasing in the future with the implementation of the proposed action, and 
assuming that diversion into waterways leading to the export facilities and the entrainment of 
fish at those facilities is directly proportional to the amount of water exported, the proposed 
project increases the current vulnerability of emigrating salmonids to loss at the salvage facilities 
and reduces the already diminished quality of the habitat within the zone of entrainment to fish 
utilizing it.  Currently, exports are reduced during the VAMP period (31 days in April and May), 
providing some relief to the entrainment of emigrating salmonids.  Future actions under the 
proposed project reduce the extent of pumping reductions surrounding the VAMP period due to 
reduced amounts of environmental water available to compensate for the loss in exports.  This 
exacerbates the loss of fish during the April to May period when spring-run and fall-run Chinook 
salmon are emigrating through the Delta.  While screening facilities allow for many fish longer 
than 38 mm to be salvaged, considerable mortality is believed to occur when fish are less than 38 
mm.  In addition, smaller fish are not screened effectively (Kimmerer 2002, Brown et al., 1996).  
Evaluations of the salvage operations show them to be inefficient.  Overall survival of fish going 
through the CVP facilities is estimated to be approximately 35 percent, while the SWP facilities 
have a survival rate of only 16.5 percent.  The primary cause of low survival in the CVP is the 
reduced overall efficiency of the louvers, while at the SWP, losses in Clifton Court Forebay are 
the predominant reason for low survival.  Loss of fish following the salvage operations can also 
be significant, ranging from 10 to 30 percent following release back into the Delta environment,   
 
Though there are efforts in place to minimize entrainment, the Tracy Fish Collecting Facility 
(TFCF) primary louver (screen) panels cannot be cleaned without leaving gaping openings in the 
screen face.  Further, cleaning the secondary channel and louver panels takes the entire facility 
offline.  Also, during secondary louver screen cleaning operations, and secondary channel 
dewatering, the entire secondary system is shut down.  As a result, all fish salvage is 
compromised for the duration of the outage.  This loss in fish protection allows unscreened water 
to pass through the facility a minimum of 4 hours per day and up to 12 hours per day, depending 
on the debris loading of the louvers.  These periods of non-operation result in an underestimation 
of the loss of Chinook salmon to the pumps.  Also, significant delays in routine maintenance and 
replacement of critical control systems at the TFCF have occurred in the past and are likely to 
continue into the future, based on current practices.  Finally, the TFCF was designed for a 
maximum export rate of 4600 cfs, the rated capacity of the Tracy Pumping Plant (TPP).  The 
modeling completed to date indicates that the CVP intends to utilize the TPP to maximize the 
pumping capacity of the facilities to the greatest extent possible, thus operating the TFCF at its 
maximum design capacity, even with its current operational deficiencies. 
 
With regards to the John E. Skinner Fish Facility, there is currently no standard method for 
reporting problems associated with the operation and maintenance of the facility.  Delays in 
routine maintenance and replacement of critical control systems at the facility are not being 
reported to NMFS, as they are experienced.  Furthermore, reports of electrical power outages, 
which shut down the fish collection facility, are not reported in a timely fashion to NMFS. 
 
A fish barrier at the head of Old River is constructed in April and operated for 31 days to limit 
the movement of both water and outmigrant Chinook salmon into Old River.  The anticipated 
effect is to increase survival of fall-run smolts down the San Joaquin River past the Port of 
Stockton and westwards through the Delta.  However, if export levels are not reduced in concert 
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with increasing San Joaquin River flows under the VAMP experimental protocol, fall-run smolts 
from the San Joaquin River basin are diverted southwards towards the export facilities in the 
South Delta via one of the interconnecting waterways.  Recent telemetry studies conducted 
during the VAMP experiments confirm the diversion of Chinook salmon outmigrants to the CVP 
and SWP facilities in the south Delta (Vogel 2004, San Joaquin River Group Authority 2007, 
2008). 
 
The fish barrier at the Head of Old River is constructed again in the fall to improve water quality 
conditions for adult Chinook salmon returning to the San Joaquin River basin.  A previous study 
found that the placement of the barrier in the fall improves the dissolved oxygen content in the 
Stockton Deep Water Ship Channel, downstream from the head of Old River on the San Joaquin 
River (Hallock et al., 1970).  Having poor water quality/low dissolved oxygen in the ship 
channel has become a fish passage problem for returning adult salmon entering the San Joaquin 
River basin. 
 
In addition to the Head of Old River barrier, three agricultural barriers are constructed in each of 
the three main channels of the South Delta.  One is constructed in the Old River near the CVP’s 
TFCF location, the second is constructed in Grant Line Canal near the Tracy Boulevard Bridge, 
and the third is constructed in Middle River near its confluence with Victoria Canal.  These three 
barriers present passage impediments to migrating Chinook salmon due to channel blockage, 
predation, and alterations to the channel flow patterns in the affected area. 
 
F.  Fish Passage 
 
As noted above, opportunities to avoid or minimize adverse affects to EFH in specific project 
area may be constrained, and the potential for substantive habitat gains in these areas is minimal.  
Yoshiyama et al., (2001) noted that the primary cause in the reduction of in-stream habitat for 
Chinook salmon has been the construction of dams and other barriers.  Many of the direct 
adverse impacts to fall- and late fall-run EFH or the indirect impacts caused by these dams to the 
EFH of other Chinook salmon runs could be alleviated if fish passage were provided.  In Central 
Valley watersheds, dams block 95 percent of historic salmonid spawning habitat.  Additionally, 
non-Federal Federal Energy Regulatory Commission licensed dams account for approximately 
40 percent of all surface water storage in the Central Valley.  As a result, Chinook salmon are 
extirpated from approximately 80 percent of their historic habitat in the Central Valley.  In most 
cases, the habitat remaining is restricted to the valley floor where it was historically limited to 
seasonal migration use only.  Remnant populations below these dams are now subject to 
intensive river regulation and to further direct and indirect impacts of hydroelectric operations.  
 
 
           IV.  CONCLUSION 
 
Based on the best available information, NMFS believes that the proposed action would 
adversely affect EFH for Pacific salmon. 
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V.  EFH CONSERVATION RECOMMENDATIONS 
 
Appendix A of Amendment 14 to the Pacific Coast Salmon Plan (PFMC 1999) provides a 
general list of conservation measures.  NMFS recommends that the following be implemented in 
the action area.  Although these are general recommendations without specific actions, they are 
designed to indicate to Reclamation where opportunities exist within their authorities to 
compensate for the effects of the proposed project within other actions undertaken by 
Reclamation. 
 
Riparian Habitat Management:  In order to prevent adverse effects to riparian corridors, 
Reclamation and DWR should: 
 

• Maintain riparian management zones of appropriate width along Old River, Middle 
River, Grant Line/Fabian –Bell Canal, the lower San Joaquin River, and wherever the 
agencies have jurisdiction; 

• Reduce erosion and runoff into waterways within the project area; and 
• Minimize the use of chemical treatments within the riparian management zone to manage 

nuisance vegetation along the levee banks. 
 
Bank Stabilization:  The installation of riprap or other streambank stabilization devices can 
reduce or eliminate the development of side channels, functioning riparian and floodplain areas 
and off-channel sloughs.  In order to minimize these impacts, Reclamation and DWR should: 
 

• Use vegetative methods of bank erosion control whenever feasible.  Hard bank protection 
should be a last resort when all other options have been explored and deemed 
unacceptable; 

• Determine the cumulative effects of existing and proposed bio-engineered or bank 
hardening projects on salmon EFH, including prey species, before planning new bank 
stabilization projects; and 

• Develop plans that minimize alterations or disturbance of the bank and existing riparian 
vegetation. 

 
Conservation Measures for Construction/Urbanization:  Activities associated with 
urbanization (e.g., building construction, utility installation, road and bridge building, and storm 
water discharge) can significantly alter the land surface, soil, vegetation, and hydrology, and 
subsequently adversely impact salmon EFH through habitat loss or modification.  In order to 
minimize these impacts, the Reclamation and DWR should: 
 

• Plan development sites to minimize clearing and grading; 
• Use Best Management Practices in building as well as road construction and maintenance 

operations such as avoiding ground disturbing activities during the wet season, 
minimizing the time disturbed lands are left exposed, using erosion prevention and 
sediment control methods, minimizing vegetation disturbance, maintaining buffers of 
vegetation around wetlands, streams, and drainage ways, and avoiding building activities 
in areas of steep slopes with highly erodible soils.  Use methods such as sediment ponds, 
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sediment traps, or other facilities designed to slow water runoff and trap sediment and 
nutrients; and 

• Where feasible, reduce impervious surfaces. 
 
Wastewater/Pollutant Discharges:  Water quality essential to salmon and their habitat can be 
altered when pollutants are introduced through surface runoff, through direct discharges of 
pollutants into the water, when deposited pollutants are re-suspended (e.g., from dredging), and 
when flow is altered.  Indirect sources of water pollution in salmon habitat includes runoff from 
streets, yards, and construction sites.  In order to minimize these impacts, Reclamation and DWR 
should: 
 

• Monitor water quality discharge following National Pollution Discharge Elimination 
System requirements from all discharge points; 

• Work with State and Federal agencies to establish total maximum daily loads and 
develop appropriate management plans to attain management goals for those waters that 
are listed under Clean Water Act section 303 (d) criteria (e.g., the Delta); and 

• Establish and update, as necessary, pollution prevention plans, spill control practices, and 
spill control equipment for the handling and transport of toxic substances in salmon EFH 
(e.g., oil and fuel, organic solvents, raw cement residue, sanitary wastes, etc.).  Consider 
bonds or other damage compensation mechanisms to cover cleanup, restoration, and 
mitigation costs. 

 
Irrigation Water Withdrawal, Storage, and Management:  Water withdrawn for irrigation 
can have adverse impacts on Chinook salmon EFH.  Diversions may cause impediments to 
migration, physical entrainment or injury due to impingement altered flow profiles, changes in 
water temperature regimes, and fluctuations in water levels.  Alterations in the chemical and 
physical attributes of the aquatic environment may in turn affect the biological components of 
the aquatic habitat.  Return agricultural water discharging to salmonid-bearing waterways can 
substantially alter and degrade habitat.  General problems associated with agricultural return 
flows to surface waters include increased water temperatures, salinity, pathogens, decreased 
dissolved oxygen, increased contaminant loads from pesticides and fertilizers, and an increase in 
sediment loads.  In order to minimize these impacts, Reclamation and DWR should: 
 

• Apply conservation and enhancement measures for dams to water management activities 
and facilities where applicable; 

• Establish adequate in-stream flow conditions for salmonids using, for example, Instream 
Flow Incremental Methodology (IFIM); 

• Identify and use appropriate water conservation measures in accordance with state law; 
• Install flow meters at major diversion points to account for water delivered to users, in 

accordance with state law; 
• Screen water diversions on all fish bearing streams and waterways; 
• Incorporate juvenile and adult salmonid passage on all water diversions where migration 

blockage occurs; and 
• Undertake efforts to purchase or lease, from willing sellers and lessors, water rights 

necessary to maintain in-stream flows in accordance with appropriate State and Federal 
laws. 
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Dam Construction and Operation:  Dams built to generate power, store water, or provide flood 
control have significantly contributed to declines in salmonid populations in the Central Valley.  
Adverse effects include impaired fish passage (including complete blockage of natal streams); 
downstream alterations to water temperatures, water quality parameters, water quantity, flow 
patterns and hydrological profiles; interruption of nutrient flow downstream; loss of LWD input 
to downstream segments of the watershed from upstream reaches; disruption of the sediment 
transport mechanism which affects riparian, river, wetland, and estuarine systems downstream of 
the dam; increased competition from non-native species more adaptable to the altered conditions 
below the dams; and increased predation rates due to disorientation or injury from passing over 
or through the dam structure.  In order to minimize these impacts, Reclamation and DWR 
should: 
 

• Operate facilities to create flow conditions adequate to provide for passage, water quality, 
proper timing of life history attributes, avoid juvenile stranding and redd dewatering, and 
maintain and restore properly functioning channel, floodplain, riparian, and estuarine 
conditions; 

• Provide for adequate designing and screening of all dams, hydroelectric installations, and 
bypasses to meet specific passage criteria developed for dam operations on the West 
Coast; 

• Develop water and energy conservation guidelines and integrate them in to the daily dam 
operations and into regional and watershed-based water resource plans; and 

• Provide mitigation for non-avoidable adverse effects to salmonid EFH, including 
monitoring and evaluation of any mitigation or conservation plans undertaken under this 
section. 

 
NMFS also recommends that the habitat-based actions within the reasonable and prudent 
alternative from the Opinion be adopted as EFH Conservation Recommendations.  Finally, 
NMFS recommends that the following Conservation Recommendations be implemented. 
 
A.  Clear Creek 
 

1) Reclamation should increase the frequency of flood control spills from Whiskeytown 
Reservoir consistent with the RPA to improve channel maintenance and habitat 
variability. 

  
2) Reclamation should continue funding the CVPIA Clear Creek Restoration Program, the 

Gravel Augmentation Program, the (b)(2) water for anadromous fish, and the adult 
separation weir every year. 

  
3) Reclamation should replace the Whiskeytown Reservoir Temperature Curtain by March 

2010 to retain the original design efficiency and improve cold water releases to the 
Sacramento River. 
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4) Reclamation should implement short duration spring-time pulse flows (500 to 600 cfs) 
every year in order to attract spring-run Chinook adults before flows are reduced in the 
summer months. 

 
5) Reclamation should provide short duration (one to three days) fall spawning attraction 

flows of 500 cfs, as recommended by Denton (1986 op. cit. CVP/SWP operations BA), in 
October and November. 

 
6) Reclamation should manage flows for listed and non-listed salmonids only after all of the 

four IFIM studies planned for Clear Creek have been completed.  A new flow 
prescription should not be implemented until these study results can be reviewed and 
discussed by the Clear Creek Technical Team and agreement reached between the fish 
agencies.  The final flow regime should to balance the biological needs of all life stages 
(e.g., juveniles rearing vs. adult spawning) of the different runs (e.g., spring-run, fall-run, 
late fall-run, and steelhead). 

 
B.  Upper Sacramento River 
 

1) Reclamation should, working through the appropriate CALFED program, investigate 
alternatives to the rice decomposition program (i.e., baling rice straw, mulching, etc.,), 
and recommend ways of stabilizing, or increasing flows after September 30, to reduce 
redd dewatering. 

 
2) Reclamation should provide the necessary modeling and real time temperature data to the 

Sacramento River Temperature Control Task Group starting in February with the first 
water year allocation announcement and operations forecast.  In this way, decisions on 
water temperature management throughout the summer in the upper Sacramento River 
relative to fish habitat conditions and coldwater pool storage in Shasta Reservoir can also 
consider the habitat needs of fall and late fall-run. 

 
3) Reclamation should increase Spring Creek diversions in April, May, and June to 1500 cfs 

to provide colder water for Clear Creek and the main stem Sacramento River (benefits 
winter-run and fall-run). 

 
4) Reclamation should ramp down Sacramento River flows from August to December, as 

quickly as possible, following the RPA and CVPIA Anadromous Fish Restoration 
Program guidelines for stabilizing flows during the fall-run/late fall-run spawning period 
to reduce risk of dewatering redds.  Minimum flows for fall-run spawning have typically 
been 4,000 cfs from October through December, based on IFIM studies of habitat 
suitability curves.  Exceptions are allowed in critical and dry years when the RPA 
specifies ramping down to 3,250 cfs to preserve limited cold water resources in Shasta 
Reservoir.  Temperature targets should be moved downstream in September and October 
to protect fall- and late fall-run spawning and incubation.  Therefore, a 56ºF criterion 
should be maintained through October down to Bend Bridge in all years to protect at least 
30 percent of the main stem spawning population.  Fall-run will spawn as far downstream 
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as to RBDD, but usually not until November when ambient air temperatures cool the 
river. 

 
B. American River 
 

1) Implement the Flow Management Standard for the American River by following the flow 
schedule in Appendix D.  The flow management standards are minimum flows and 
should not preclude Reclamation from making higher releases at Nimbus Dam.   

 
       The Flow Management Standard includes fall-run protections.  Implementing this 
       schedule should also protect fall-run.  In the event that specific actions are needed to 
            maintain flows for fall-run, NMFS recommends that Reclamation use (b)(2) water to 
       achieve these flows. 
 

2) Reclamation should operate to achieve a daily average water temperature of 60°F or less 
as early as possible in October for fall-run holding and spawning.  Reclamation shall 
strive to maintain a daily average water temperature of 60ºF or less until November 1, 
and target 56°F or less as early in November as possible, for fall-run spawning and egg 
incubation.  These Water Temperature Objectives for fall-run should be met at Hazel 
Avenue in the Lower American River.  

 

 
The priority for use of the lowest water temperature control shutters at Folsom Dam shall 
be to achieve the Water Temperature Objectives for steelhead, and thereafter may also be 
used to meet the fall-run spawning water temperature objective. 

 
3) Fully evaluate below physical/structural actions to improve temperature management and 

make recommendations for implementation by June 2010.  Implement selected projects 
by 2012. 

 
The following temperature management actions have the potential to improve conditions 
for aquatic species in the Lower American River.  However, the precise benefits and 
costs of these actions need to be analyzed.  Alternatives for each of the actions listed 
below should be fully developed and analyzed, and the most effective alternatives to each 
action should be implemented.  

 
a) Improve the Folsom Dam temperature control device.  The objective of this action 

is to improve access to and management of Folsom Reservoir’s cold water pool.  
Alternatives for this action include operational and physical improvements including 
enhancement of the existing shutters, replacement of the shutter system, and 
construction of a device to access cold water below the penstocks.   

b) Improve cold water transport through Lake Natoma.  The objective of this action 
is to transfer cold water from Folsom Dam to Nimbus Dam with a minimum increase 
in temperature.  Alternatives for this action include physical or operational changes to 
Lake Natoma or Nimbus Dam including dredging, construction of temperature 
curtains or pipelines, and changes in Lake Natoma water surface elevation.   
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c) El Dorado Irrigation District (EID) Temperature Control Device.  The objective 
of this action is to conserve cold water in Folsom Lake.  Alternative intake structures 
have been analyzed by EID.  The most effective device should be constructed. 

 
4.) The following ramping rates should be followed: 
 

a) January 1 through May 30, at flow levels <5, 000 cfs, flow reductions should not 
exceed more than 500 cfs/day and not more than 100 cfs/hour; and 

b) each year from January 1 through May 30, Reclamation should coordinate with 
NMFS, CDFG, and USFWS to implement and fund monitoring in order to estimate 
the incidental take of salmonids associated with reductions in Nimbus Dam releases.   

c) Minimize flow increases to 4000 cfs or more year round. 
 
C.  Stanislaus River 
 

1) Reclamation should implement an in-stream flow schedule, as measured at Goodwin 
Dam, that provides optimum flows for fall-run as defined by Aceituno (1993), or as 
defined by future analyses of salmon in-stream flow needs.  Additionally, this schedule 
should include sufficient spring flows in April and May to convey salmon smolts through 
the lower river and to the Delta.   

 
2) Reclamation should conduct fall attraction flows of a minimum of 1,250 cfs for two 

weeks in October.  This recommendation will assist adult fall-run immigration to the 
Stanislaus River.  The purpose is to provide flow cues downstream for incoming adults, 
as well as providing some remedial effect on the low dissolved oxygen conditions that 
develop in the Stockton Deep Water Ship Channel.   

 
3) Reclamation should implement late spring and early summer flow ramping rates to allow 

establishment of riparian trees at a minimum frequency of every five years. 
 

4) Reclamation should implement spawning gravel replenishment projects on the Stanislaus 
River, in addition to the current 3,000 cy/year base level augmentation rate applied under 
CVPIA (b)(13) authorities. 

 
5) Reclamation should implement projects to improve salmonid rearing habitat and 

floodplain connectivity, including creation of side-channel habitat, isolation of predator-
rich in-river mining pits, and periodic increased flows to inundate floodplain habitat.   

 
D.  Delta Ecosystem 
 

1) Delta Cross Channel (DCC) Gates:  To increase the survival of out-migrating fall- and 
late fall-run, NMFS recommends that the DCC gates be closed as early as possible, under 
an adaptive management program based on monitoring outmigrant movements starting 
November 1.  No later than on December 15 of each year, the DCC gates should be 
closed to protect outmigrant Chinook salmon, unless NMFS approves a later date.  The 
DCC gates should remain closed for the protection of Pacific salmonids until June 15 of 
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each year, unless NMFS approves an earlier date.  Water quality considerations in the 
Delta will be one cause for a request to vary from these dates, but NMFS will have final 
authority on closure. 

 
2) Tracy Fish Collection Facility (TFCF) 

 
a) At the TFCF, Reclamation should submit to NMFS for approval, no later than 12 

months from the date of issuance of this document, one or more solutions to the loss 
of Chinook salmon associated with the cleaning of the primary louvers.  In the event 
that a solution is not in place within 24 months after the issuance of this document, 
NMFS recommends that export pumping at the Tracy Pumping Plant cease during 
Tracy Pumping Plant louver screen cleaning operations. 

b) Also at the TFCF, Reclamation should submit to NMFS for approval, no later than 12 
months from the date of issuance of this document, one or more solutions to the loss 
of Chinook salmon with regard to the secondary louver screen cleaning and 
secondary channel dewatering.  In the event that a solution is not in place within 24 
months after the date of issuance of this document, NMFS recommends that export 
pumping at the Tracy Pumping Plant cease during outages of the secondary system, 
such as occurs during the secondary louver screen cleaning operations, debris 
removal, and predator management programs. 

c) Beginning on the first day of the month following the issuance of this document, and 
monthly thereafter, but no later than five working days after the first day of the 
month, Reclamation should submit a TFCF Status Report to the NMFS Engineering 
Team Leader.  The report should be in a format acceptable to both parties, but should 
describe the status of each component of the fish salvage system, and should provide 
a schedule for the correction of each deficiency, with defined checkpoints for 
completion.  Failure to comply should result in the cessation of pumping at the Tracy 
Pumping Plant until said report is issued. 

d) NMFS staff  (scientific and enforcement) should be permitted reasonable access to 
the TFCF, and its records of:  (i) operation; (ii) fish salvage; (iii) fish transportation 
and release activities; and (iv) research activities conducted at the TFCF, during both 
announced and unannounced inspection visits. 

e)   NMFS recommends that Reclamation undertake ways to reduce predation on juvenile 
fall- and late fall-run by undertaking predator removal studies at the Tracy facility 
and also at post-release sites for salvaged juveniles.  Loss calculations should be 
adjusted reflecting results of these predation studies. 

 
3) Tracy Pumping Plant (TPP) 

 
A plan to limit TPP exports to 4,600 cfs should be prepared and implemented.  This 
restriction should remain in place until a plan to expand the TFCF capacity is prepared, 
approved by NMFS, and implemented. 
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4) J.E. Skinner Delta Fish Facility 

 
a) Beginning on the first day of the month following the issuance of this document, and 

monthly thereafter, but no later than five working days after the first day of the 
month, DWR should submit a J.E. Skinner Delta Fish Facility Status Report to the 
NMFS Engineering Team Leader.  The report should be in a format acceptable to 
both parties, but should describe the status of each component of the fish salvage 
system, and provide a schedule for correcting each deficiency, with defined 
checkpoints for completion.  Failure to comply should result in the cessation of 
pumping at the Banks Pumping Plant until said report is issued. 

b) NMFS staff  (scientific and enforcement) should be permitted reasonable access to 
the J.E. Skinner Delta Fish Protective Facility and its records of:  (i) operation; (ii) 
fish salvage; (iii) fish transportation and release activities; and (iv) research activities 
conducted at the facility, during both announced and unannounced inspection visits. 

c) NMFS recommends that DWR undertake ways to reduce predation on juvenile fall- 
and late fall-run by undertaking predation management studies at post-release sites 
for salvaged juveniles.  Within 12 months of the issuance of this document, a final 
proposal should be sent to NMFS for review.  Within 24 months of NMFS’ 
acceptance of the proposal, the “plan” should be implemented.  Failure to meet this 
timeline should result in the cessation of pumping at SWP facilities unless NMFS 
agrees to an extended timeline. 

d) NMFS recommends that alternatives to reduce “pre-screen” losses (predation) in 
Clifton Court Forebay be developed within 12 months of the issuance of this 
document.  Within two years of developing such a plan, the “plan” will be 
implemented to reduce the predation impact.  Failure to meet this timeline should 
result in the cessation of pumping at SWP facilities unless NMFS agrees to an 
extended timeline. 

 
5) CVP and SWP Fish Hauling Protocols 

 
Fish hauling runs for salmonids should be scheduled at least every 12 hours, or more 
frequently if required by the “Bates Table” calculations (made at each count and recorded 
on the monthly report). 

 
6) Rock Slough Intake and Other Fish Screening Projects, Including CVPIA-Anadromous 

Fish Screening Program (AFSP) 
 

a) Reclamation should ensure that the CVP and SWP aggressively move to fully engage 
the CVPIA-AFSP, with appropriate funding, and implement the major projects 
already designed. 

b) Until the Rock Slough diversion is screened, pumping at this site should be avoided 
whenever Chinook salmon are detected in the vicinity of the intake.  The Contra 
Costa Water District should use its two operating screened diversions (Los Vaqueros-
Old River and Mallard Slough), the Alternative Intake Diversion on Victoria Canal 
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once completed, and the available storage in the Los Vaqueros Reservoir, to offset 
this restriction. 

c) The current fish-monitoring plan should continue until such time as the use of the 
unscreened Rock Slough diversion is resolved, whether by screening or other means. 

 
7) Habitat Restoration 

 
a) Reclamation should aggressively pursue opportunities to acquire land and/or obtain 

easements to create habitat restoration sites in the Delta region. 
b) Habitat restoration projects should target the creation of riparian habitat, freshwater 

and tidal marshes, and shallow water habitats beneficial to salmonid life histories.  
Habitat restoration activities should target actions that increase the amount of useable 
habitat for salmonids and reverse the simplification of the Delta habitat created by 
channelization of Delta waterways and riprapping of levee banks. 

c) Reclamation should seek out opportunities to partner with other Federal, State, or 
non-governmental parties to further this recommendation. 

 
 
 VI.   STATUTORY REQUIREMENTS 
 
Section 305(b)(4)(B) of the MSFCMA requires that the Federal agency provide NMFS with a 
detailed written response within 30 days, and 10 days in advance of any action, to the EFH 
conservation recommendations, including a description of measures adopted by the Federal 
agency for avoiding, minimizing, or mitigating the impact of the project on EFH [50 CFR 
600.920(j)].  In the case of a response that is inconsistent with our recommendations, 
Reclamation must explain its reasons for not following the recommendations, including the 
scientific justification for any disagreement with NMFS over the anticipated effects of the 
proposed action and the measures needed to avoid, minimize, or mitigate such effects. 
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Dear Mr. Glaser: 

This document transmits NOAA's National Marine Fisheries Service's (NMFS) final biological 
opinion and conference opinion (Opinion, enclosure 1) based on NMFS review of the proposed 
long-tenn operations of the Central Valley Project and State Water Project (hereafter referred to 
as CVP/SWP operations) in the Central Valley, California, and its effects on listed anadromous 
fishes and marine mammal species, and designated and proposed critical habitats, in accordance 
with section 7 of the Endangered Species Act (ESA) of 1973, as amended (16 U.S.c. 1531 et 
seq.). This final Opinion is based on infonnation provided in the Bureau of Reclamation's 
(Reclamation) October 1, 2008, transmittal letter and biological assessment (BA), discussions 
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comments received from Reclamation, peer review reports from CALFED and the Center for 
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• Central Valley spring-run Chinook salmon, and 
• Central Valley steelhead, and 

• proposed critical habitat for the Southern DPS of North American green sturgeon. 

The final Opinion concludes that the CVP/SWP operations are not likely to jeopardize the 
continued existence of Central California Coast steelhead (0. mykiss). 

The conference opinion concerning proposed critical habitat for Southern DPS of North 
American green sturgeon does not take the place of a biological opinion under section 7(a)(2) of 
the ESA unless and until the conference opinion is adopted as a biological opinion when the 
proposed critical habitat designation for the Southern DPS of North American green sturgeon 
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of this Opinion. 
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rule proposed on May 21, 2009 (74 FR 23822) under section 4(d) of the ESA becomes effective 
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402.02. This has been a very challenging consultation for our agencies due to its complexity, 
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manage. NMFS and Reclamation have had extensive discussions on the preparation of the BA, 
the draft Opinion, and the draft RPA, and while NMFS understands that Reclamation may have 
reservations with portions of the Opinion, NMFS understands that it is a package that 
Reclamation can accept. Because this is a jeopardy Opinion, Reclamation is required 
(402. 15(b)) to notify NMFS " ...ofits final decision on the action." NMFS, therefore, requests 
that Reclamation provide NMFS with timely notification as to your agency's final decision. 

Also enclosed are Essential Fish Habitat (EFH) Conservation Recommendations for Pacific 
Coast Salmon species, as required by the Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA) as amended (16 U.S.c. 1801 et seq.; enclosure 2). NMFS EFH 
analysis concludes that the CVP/SWP operations will adversely affect EFH for Pacific Coast 
Salmon species in the action area. The RPA that was developed for the ESA-listed salmon was 
designed to avoid jeopardy and adverse modification for those species but it also has substantial 
benefits to Pacific salmon EFH, and commercially valuable Central Valley fall-run Chinook 
salmon. Pursuant to the MSFCMA, Conservation Recommendations are also provided to further 
reduce adverse effects on EFH. 
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commitment that NMFS will continue to be close partner with Reclamation, CA Department of 
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agencies and stakeholders in the Bay Delta Conservation Planning effort, a very important action 
to boost habitat improvements in the Delta and counterbalance some of the aging infrastructure 
limitations. If you have any questions regarding this consultation, please c0l1tact Mr. Garwin 
Yip, of my staff, at (916) 930-3611 or via e-mail at garwin.yip@noaa.gov. 

Sincerely, 
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Regional Administrator 
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habitats. 

Figure 2-8.  Conceptual model of the hierarchical structure that is used to organize the jeopardy risk 
assessment for anadromous salmonids.   

Figure 2-9.  Conceptual model of the hierarchical structure that is used to organize the destruction or adverse 
modification assessment for critical habitat.  This structure is sometimes collapsed for actions with very 
large action areas that encompass more than one specific area or feature.   

Figure 2-10.  General set of information collected to track proposed action effects and resulting exposure, 
response, and risk to elements of critical habitat. 

Figure 2-11.  Conceptual diagram of the critical habitat analyses presented in this biological opinion.  For 
illustration purposes, the Rearing Habitat PCE for listed salmonids is pulled out to show the basic flow of 
the analysis.  Full analyses consider the effects to all PCEs and essential features of critical habitat. 

Figure 2-12.  Conceptual diagram of how the environmental baseline changes in this consultation.  The right 
side of the figure depicts the effects of the proposed action added on top of the baseline into the future 
(future baseline).  Note that the slopes of the curves are only for graphical representation. 

Figure 2-13.  USFWS Delta smelt Opinion:  A conceptual model of the effects of the proposed action added on 
top of the baseline into the future (future baseline).  Note that the slopes of the curves are only for 
graphical representation. 

Figure 2-14.  Models used in the development of the CVP/SWP operations BA, and their information flow 
with respect to each other (CVP/SWP operations BA figure 9-1). 

Figure 2-15.  Conceptual diagram of the overall analytical approach utilized in this Opinion.  The individual 
level includes exposure, response, and risk to individuals of the species and a consideration of the life 
cycle and life history strategies.  Population level includes consideration of the response of and risk to the 
population given the risk posed to individuals of the population within the context of the “pyramid” of 
VSP parameters for the populations.  Strata/Diversity Group and Species levels include a consideration 
of the response of and risk to those levels given the risk posed to the population(s) within the larger 
context of the VSP “pyramid.” 

Figure 4-1.  Estimated yearly adult natural production and in-river adult escapement of winter-run from 
1967 - 2007 based on RBDD ladder counts (Hanson 2008). 

Figure 4-2.  Annual estimated Central Valley spring-run Chinook salmon escapement population for the 
Sacramento River watershed for years 1969 through 2006 (PFMC 2002, 2004, CDFG 2004b, Yoshiyama 
1998, GrandTab 2006). 
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Figure 4-3.  CV spring-run Chinook salmon diversity groups (replicated from Lindley et al. 2007). 
Figure 4-4.  Estimated natural Central Valley steelhead escapement in the upper Sacramento River based on 

RBDD counts.  Note:  Steelhead escapement surveys at RBDD ended in 1993 (from McEwan and Jackson 
1996). 

Figure 4-5.  Annual number of Central Valley steelhead smolts caught while Kodiak trawling at the Mossdale 
monitoring location on the San Joaquin River (Marston 2004, SJRGA 2007, Speegle 2008a). 

Figure 4-6.  CV steelhead diversity groups (replicated from Lindley et al. 2007). 
Figure 4-7.  Green sturgeon conceptual life history:  Coastal Migrant to Eggs Submodel (Israel and Klimley 

2008).   
Figure 4-8.  Rotary screw trap data of juvenile green sturgeon caught at RBDD and GCID from 1994-2008 

(OCAPCVP/SWP operations BA). 
Figure 4-9.  Juvenile green sturgeon average catch by month at GCID (1994-2005, OCAPCVP/SWP 

operations BA). 
Figure 4-10.  Estimated number of juvenile Southern DPS of green sturgeon salvaged from the SWP and the 

CVP fish collection facilities (Beamesderfer et al. 2007, CDFG 2002, and Adams et al. 2007).  Measured 
fish lengths from 1981 through 2006 ranged from 136 mm to 774 mm with an average length of 330 mm. 

Figure 4-11.  Estimated total number of Southern DPS of green sturgeon salvaged monthly from the SWP 
and the CVP fish collection facilities (CDFG 2002, unpublished CDFG records).  Measured fish lengths 
from 1981 through 2006 ranged from 136 mm to 774 mm with an average length of 330 mm. 

Figure 4-12. Geographic Range (light shading) of the Southern Resident Killer Whale DPS.  Source: Wiles 
(2004). 

Figure 4-13.  Population size and trend of Southern Resident killer whales, 1960-2008.  Data from 1960-1973 
(open circles, gray line) are number projections from the matrix model of Olesiuk et al. (1990).  Data 
from 1974-2008 (diamonds, black line) were obtained through photo-identification surveys of the three 
pods (J, K, and L) in this community and were provided by the Center for Whale Research (unpubl. 
data).  Data for these years represent the number of whales present at the end of each calendar year 
except for 2008, when data extend only through July. 

Figure 5-1.  Map of Clear Creek and the distribution of steelhead and late fall-run redds in 2007 (USFWS 
2007). 

Figure 5-2.  Clear Creek spring-run escapement 1993-2008 (CDFG data). 
Figure 5-3.  Abundance of CV steelhead in Clear Creek based on annual redd counts 2003-2009.  Spawning 

population based on average 1.23 males per female on the American River (Hannon and Deason 2007).  
2009 estimate is preliminary based on 4 surveys (USFWS 2008, Brown 2009). 

Figure 5-4.  Clear Creek monthly flows comparing pre-Whiskeytown Dam (1941-1964) to post dam (1965-
2004) flows.  The vertical lines represent the range of variability analysis boundaries (CVP/SWP 
operations BA figure 3-21). 

Figure 5-5.  Clear Creek long-term average monthly flows as modeled in CALSIM 1923-2003 (CVP/SWP 
operations BA figure 10-30). 

Figure 5-6.  Clear Creek historical mean daily water temperatures 1996 – 2006 (CVP/SWP operations BA 
figure 3-12).  Temperature objectives (horizontal dark blue lines) are 60ºF from June 1 through 
September 15 and 56ºF from September 15 through October 31, pursuant to the 2004 CVP/SWP 
operations Opinion. 

Figure 5-7.  Clear Creek average daily flows measured at Igo gage 10/30/07 – 10/30/08 (CDEC data). 
Figure 5-8.  Map of the upper Sacramento River, including various temperature compliance points and river 

miles (CVP/SWP operations BA figure 6-2). 
Figure 5-9.  Estimated yearly spring-run escapement and natural production above RBDD (Hanson 2008). 
Figure 5-10.  Distribution of spring-run above and below RBDD from 1970 -2001 (CDFG Grand Tab). 
Figure 5-11.  Spring-run escapement counted at Red Bluff Diversion Dam from 2000 – 2007 (CDFG 

GrandTab 2008). 
Figure 5-12.  Estimated yearly number of natural spawning CV steelhead on the Sacramento River upstream 

of the RBDD 1967-2005.  Data from 1992 to 2005 is based on tributary counts from CDFG, Red Bluff 
(Hanson 2008). 

Figure 5-13.  Sacramento River at Bend Bridge monthly flows comparing pre-Shasta Dam (1892-1945) and 
post Shasta (1946 -2004) flows.  Vertical lines represent the range of variability analysis boundaries 
(CVP/SWP operations BA figure 3-20). 
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Figure 5-14.  Conceptual model of future baseline stressors and project-related stressors on listed species in 
the upper Sacramento River mainstem. 

Figure 5-15.  Map of lower American River (Modified from Water Forum 2005a). 
Figure 5-16.  Population estimates of steelhead spawning in the lower American River.  Estimates from the 

early 1990s were reported in Water Forum (2005a), and estimates for 2002 through 2007 were obtained 
through redd survey monitoring assuming each female steelhead had two redds (Hannon and Deason 
2008). 

Figure 5-17.  Mean monthly flow of the lower American River at the Fair Oaks gage (1904-1955) and after 
(1956-1967) operation of Folsom and Nimbus dams (Gerstung 1971). 

Figure 5-18.  Water temperatures recorded at the Fair Oaks gage on the lower American River prior to and 
after construction of Folsom and Nimbus dams (Gerstung 1971). 

Figure 5-19.  Conceptual model of the future baseline stressors and proposed project-related stressors 
affecting naturally-produced American River steelhead.   

Figure 5-20.  Map of the East Side Division (adapted from the CVP/SWP operations BA figure 2-10). 
Figure 5-21.  Temporal occurrence of fall-run and steelhead in the Stanislaus River, California.  Darker 

shading indicates peak use.   
Figure 5-22.  Conceptual model of and future baseline stressors and project-related stressors of CV steelhead 

and habitat in the Stanislaus River, California. 
Figure 5-23.  Map of Delta waterways.  
Figure 5-24.  Average monthly unimpaired (natural) discharge from the upland Sacramento and San Joaquin 

River watersheds (The Bay Institute 1998). 
Figure 5-25.  Alteration of median monthly inflow into the lowland Sacramento River at Red Bluff (The Bay 

Institute 1998). 
Figure 5-26.  Alteration of median monthly inflow into the lowland Tuolumne and San Joaquin rivers (The 

Bay Institute 1998). 
Figure 5-27.  Maximum salinity intrusion for the years 1921 through 1943 (Pre-project conditions in Central 

Valley –Shasta and Friant Dams non-operational; Sacramento-San Joaquin Delta Atlas, DWR). 
Figure 5-28.  Maximum salinity intrusion for the years 1944 through 1990 (Project era; Sacramento-San 

Joaquin Delta Atlas, DWR). 
Figure 6-1.  Clear Creek minimum flow conditions based on historical conditions (CVP/SWP operations BA). 
Figure 6-2.  Actual Clear Creek mean daily temperatures at Igo (red), Whiskeytown (blue), and flow (dashed 

line) measured in 2002, a dry year (CVP/SWP operations BA figure 11-12). 
Figure 6-3.  Clear Creek September water temperature exceedence plot at Igo gauge (CVP/SWP operations 

BA figure 10-42). 
Figure 6-4.  Run timing by month at Red Bluff Diversion Dam for adult winter-run, spring-run, fall-run, late 

fall-run, CV steelhead, and Southern DPS of green sturgeon (TCCA 2008). 
Figure 6-5.  Adult female green sturgeon with eggs removed by divers lodged under RBDD gate #6 on May 

21, 2007 (USFWS 2007). 
Figure 6-6.  Red Bluff Diversion Dam gate position and size of openings after May 15 closure, data from 

Reclamation Daily Reservoir Operations Report May 2007.   Note gates #5, 6, and 7 where green 
sturgeon mortalities were reported by Reclamation (USFWS 2007). 

Figure 6-7.  Juvenile run timing and exposure by month at Red Bluff Diversion Dam for winter-run, spring-
run, CV steelhead, and Southern DPS of green sturgeon based on USFWS trapping data (TCCA 2008). 

Figure 6-8.  Presence of predators at RBDD by month from 1994-1996 (TCCA 2008). 
Figure 6-9.  Exceedance plot of Shasta 1.9 MAF target September storage in Shasta Reservoir.  Study 6.0 

represents 2004 operations, study 7.0 represents current operations, 7.1 represents near future 
operations, and study 8.0 represents future operations (CVP/SWP operations BA figure 11-37). 

Figure 6-10.  Draft exceedance plot of Shasta End of April Storage using selected End of September starting 
storages and operational assumptions (Supplemental data included with Reclamation’s October 1, 2008, 
transmittal letter). 

Figure 6-11.  Exceedance plot of Shasta 1.9 MAF target September storage in Shasta Reservoir.  Under future 
climate change scenarios (CVP/SWP operations BA, Appendix R, figure 37). 

Figure 6-12.  Shasta Lake coldwater pool volume at end of April with climate change scenarios.   All studies 
except 9.0 include 1 foot sea level rise.  Study 9.0 is future conditions with D-1641. (CVP/SWP operations 
BA figure 11-83). 
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Figure 6-13.  Water temperature exceedence at Balls Ferry under Study 8.0 from CALSIM and weekly 
temperature modeling results (CVP/SWP operations BA figure 11-35).  For this analysis, the bold black 
line indicates the 56°F temperature compliance line. 

Figure 6-14.  2008 Winter run average egg mortality by water year type at Balls Ferry.  Study 6.0 represents 
2004 operations, study 7.0 represents current operations, 7.1 represents near future operations, and 8.0 
represents future operations (CVP/SWP operations BA figure 11-39). 

Figure 6-15.  2004 winter-run average egg mortality by water year type at Balls Ferry temperature target, 
with 5 model runs represented (CVP/SWP operations BA). 

Figure 6-16.  Spring-run egg mortality from Reclamation egg mortality model by water year type. Study 6.0 
represents 2004 operations, study 7.0 represents current operations, 7.1 represents near future 
operations, and 8.0 represents future operations (CVP/SWP operations BA figure 11-41). 

Figure 6-17.  Juvenile winter-run passage at Red Bluff Diversion Dam 1995 through 2008 (USFWS BDAT 
2008). 

Figure 6-18.  Historical exceedances and temperature control point locations in the upper Sacramento River 
from 1992 through 2008. 

Figure 6-19.  Sacramento River mean daily temperature and flow at selected locations in a dry water year, 
actual measured temperatures in 2001 (CVP/SWP operations BA figure 11-1). 

Figure 6-20.  Sacramento River average Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.   All studies except 9.0 include 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (CVP/SWP operations BA figure 11-82). 

Figure 6-21.  Winter-run Chinook salmon fry mortality due to habitat limitations by water operational 
scenario, 1923-2002 from SALMOD model. Study 6.0 represents 2004 operations, study 7.0 represents 
current operations, 7.1 represents near future operations, and 8.0 represents future operations 
(CVP/SWP operations BA figure 11-49). 

Figure 6-22.  Sacramento River spring-run egg mortality due to water temperature by operational scenario 
with 2,400,000 total potential eggs, 1923-2002 from SALMOD model. Study 6.0 represents 2004 
operations, 7.0 represents current operations, 7.1 represents near future operations, and 8.0 represents 
future operations (CVP/SWP operations BA figure 11-53). 

Figure 6-23.  Reduction in upper Sacramento River juvenile late fall-run Chinook salmon production during 
each year of the CALSIM II modeling period relative to the maximum production year.  Production was 
based on 12,051 adults and an average of 7 million juveniles produced in most years. 

Figure 6-24.  Mean daily release rates from Nimbus Dam in January through July of 2004.  The timing of the 
steelhead life stages that are most vulnerable to flow fluctuations during these months are displayed. 

Figure 6-25.  Dewatered redds at Nimbus Basin and Sailor Bar, February 2006 (figure was modified from 
Hannon and Deason 2008). 

Figure 6-26.  Lower American River water temperature during March, April, and May from 1999 through 
2008 represented as the mean of the daily average at the Watt Avenue gage (Original data were obtained 
from http://cdec.water.ca.gov/). 

Figure 6-27.  Exceedence plot of modeled water temperatures in the lower American River near the Sunrise 
area during March (CVP/SWP operations BA appendix I). 

Figure 6-28.  Exceedence plot of modeled water temperatures in the lower American River near the Sunrise 
area during April (CVP/SWP operations BA appendix I). 

Figure 6-29.  Exceedence plot of modeled water temperatures in the lower American River near the Sunrise 
area during May (CVP/SWP operations BA appendix I). 

Figure 6-30.  Lower American River water temperature during steelhead from 1999 through 2008 
represented as the mean of the daily average at the Watt Avenue gage plus 3°F to incorporate potential 
climate change effects (see Key Assumptions in section 2).  Years are labeled in the legend with “CC” to 
denote the intended application of this figure as an analysis of climate change effects.  Original data were 
obtained from http://cdec.water.ca.gov/. 

Figure 6-31.  Anal vent inflammation in a juvenile steelhead from the American River (Water Forum 2005a). 
Figure 6-32 a, b, and c.  Lower American River water temperature during August and September from 1999 

through 2007 represented as the daily mean at the Watt Avenue gage (a).  Figures b and c show these 
same water temperatures plus 1°F and 3°F, respectively, to incorporate potential climate change effects 
(see Key Assumptions in Chapter 2).  The 65°F line is indicated in red because visible symptoms of 

http://cdec.water.ca.gov/
http://cdec.water.ca.gov/
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thermal stress in juvenile steelhead are associated with exposure to daily mean water temperatures above 
65°F.   Data were obtained from http://cdec.water.ca.gov/. 

Figure 6-33a and b.  Exceedence plots of modeled water temperatures in the lower American River near Watt 
Avenue during June (a) and July (b) (CVP/SWP operations BA figures 10-114 and 10-115, respectively).  
For this analysis, the 65°F line was added in red because visible symptoms of thermal stress in juvenile 
steelhead are associated with exposure to daily mean water temperatures above 65°F. 

Figures 6-34a and b.  Exceedence plots of modeled water temperatures in the lower American River near 
Watt Avenue during August (a) and September (b) (CVP/SWP operations BA figures 10-116 and 10-117, 
respectively).  For this analysis, the 65°F line was added in red because visible symptoms of thermal 
stress in juvenile steelhead are associated with exposure to daily mean water temperatures above 65°F. 

Figure 6-35.  Stanislaus and San Joaquin river temperatures and flow at selected locations in a dry year, 
actual measured water temperatures (2001, CVP/SWP operations BA figure 11-20). 

Figure 6-36.  Stanislaus River fall-run Chinook salmon egg mortality with climate change scenarios from 
Reclamation salmon egg mortality model.  All studies except 9.0 include 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (CVP/SWP operations BA figure 11-89). 

Figure 6-37.  Monthly Delta inflow as measured at the 50th Percentile with 5th and 95th percentile whisker bars 
shown (CVP/SWP operations BA figure 12-2). 

Figure 6-38.  Average monthly Total Delta Inflow (CVP/SWP operations BA figure 12-3). 
Figure 6-39:  Average wet year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA figure 12-4). 
Figure 6-40:  Average above normal year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA 

figure 12-5). 
Figure 6-41:  Average below normal year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA 

figure 12-6). 
Figure 6-42:  Average dry year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA figure 12-7). 
Figure 6-43:  Average critically dry year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA 

figure 12-8). 
Figure 6-44.  Monthly Delta outflow as measured at the 50th percentile with 5th and 95th percentile whisker 

bars shown (CVP/SWP operations BA figure 12-10). 
Figure 6-45.  Average monthly total Delta outflow (CVP/SWP operations BA figure 12-11). 
Figure 6-46.  Average wet year (40-30-30) monthly delta outflow (CVP/SWP operations BA figure 12-12). 
Figure 6-47.  Average above normal year (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 

12-13). 
Figure 6-48.  Average below normal year (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 

12-14). 
Figure 6-49.  Average dry year (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 12-15). 
Figure 6-50.  Average critically dry (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 12-

16). 
Figure 6-51.  Monthly CVP export pumping rate, 50th percentile with 5th and 95th percentile whisker bars 

(CVP/SWP operations BA figure 12-18). 
Figure 6-52.  CVP monthly average export rate (CVP/SWP operations BA figure 12-19). 
Figure 6-53.  Average wet year (40-30-30) monthly CVP export rate (CVP/SWP operations BA figure 12-20). 
Figure 6-54.  Average above normal year (40-30-30) monthly CVP export rate (CVP/SWP operations BA 

figure 12-21). 
Figure 6-55.  Average below normal year (40-30-30) monthly CVP export rate (CVP/SWP operations BA 

figure 12-22). 
Figure 6-56.  Average dry year (40-30-30) monthly CVP export rate (CVP/SWP operations BA figure 12-23). 
Figure 6-57.  Average critically dry year (40-30-30) monthly CVP export rate (CVP/SWP operations BA 

figure 12-24). 
Figure 6-58.  Monthly SWP export pumping rate, 50th percentile with 5th and 95th percentile whisker bars 

(CVP/SWP operations BA figure 6-25). 
Figure 6-59.  SWP monthly average export rate (CVP/SWP operations BA figure 12-26). 
Figure 6-60.  Average wet year (40-30-30) monthly SWP export rate (CVP/SWP operations BA figure 12-27). 
Figure 6-61.  Average above normal year (40-30-30) monthly SWP export rate (CVP/SWP operations BA 

figure 12-28). 

http://cdec.water.ca.gov/
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Figure 6-62.  Average below normal year (40-30-30) monthly SWP export rate (CVP/SWP operations BA 
figure 12-29). 

Figure 6-63.  Average dry year (40-30-30) monthly SWP export rate (CVP/SWP operations BA figure 12-30). 
Figure 6-64.  Average critically dry year (40-30-30) monthly SWP export rate (CVP/SWP operations BA 

figure 12-31). 
Figure 6-65.  Relationship between OMR flows and entrainment at the CVP, 1995-2007 (DWR 2008). 
Figure 6-66.  Relationship between OMR flows and entrainment at the SWP, 1995-2007 (DWR 2007). 
Figure 6-67.  Location of particle injection points for the Particle Tracking Model simulations (DWR 

February 2009). 
Figure 6-68.  Calculated percentages of entrainment at the CVP and SWP export facilities for different levels 

of flow in Old and Middle Rivers.  Particles are injected at different locations in the Delta (USFWS 2008). 
Figure 6-69.  Calculated percentage of particles entrained by the CVP and SWP after 31 days at Old and 

Middle River flows of -3,500 cfs, -2,500 cfs, and -1,250 cfs.  Particles were injected at various locations in 
the Delta.  This figure was for March 2005, a “wet” year (DWR February 2009). 

Figure 6-70.  Calculated percentage of particles entrained by the CVP and SWP after 31 days at Old and 
Middle River flows of -3,500 cfs, -2,500 cfs, and -1,250 cfs.  Particles were injected at various locations in 
the Delta.  This figure was for March 2008, a “dry” year (DWR February 2009) 

Figure 6-71.  Monthly juvenile Chinook salmon loss versus average exports, December through June, 1993 
through 2006, at each facility; SWP and CVP (CVP/SWP operations BA figure 13-40). 

Figure 6-72.  Monthly steelhead salvage versus average exports, January through May, 1998 through 2006, at 
each facility; SWP and CVP (CVP/SWP operations BA figure 13-45). 

Figure 6-73.  Monthly steelhead salvage versus average Export/Inflow ratio in TAF, January through May, 
and January alone, 1998 through 2006, at each facility; SWP and CVP (CVP/SWP operations BA figure 
13-46). 

Figure 6-74.  Schematic of the mark recapture model used by Perry and Skalski (2008) used to estimate 
survival (Shi), detection (Phi), and route entrainment (ψhi) probabilities of juvenile late-fall Chinook 
salmon migrating through the Sacramento-San Joaquin River Delta for releases made on December 5, 
2006, and January 17, 2007. 

Figure 9-1.  Chinook salmon stressors excluding CVP/SWP-related effects (i.e., the figure represents the 
general baseline stress regime).   

Figure 9-2.  General depiction of proposed action-related effects on the temporal distribution of adult and 
juvenile winter-run during their inland residency.   

Figure 9-3.  Relative magnitude and location of juvenile salmonids survival throughout the Delta. 
Figure 9-4.  Chinook salmon stressors, both baseline and those that will result from the proposed action. 
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Table 6-16.  Temperature norms for green sturgeon life stages in the Central Valley (Mayfield and Cech 2004, 

NMFS 2006). 
Table 6-17.  Estimated entrainment at water diversions based on size (volume of water diverted) and fish 

monitoring data (RBDD pumping plant) summarized from CVP/SWP operations BA tables 11-12 
through 11-16. 

Table 6-18.  Exposure and summary of responses of American River steelhead to the proposed action.  
Table 6-19.  Summary of proposed action-related effects on Stanislaus River steelhead. 
Table 6-20.  CV steelhead temperature requirements by life stage and probability of exceedance under 

proposed action at relevant locations on the Stanislaus River. 
Table 6-21.  Comparison of projected monthly Stanislaus River flows (cfs) from September 2008 50 percent 

forecast and CVP/SWP operations BA Study 7.0, 50 percent projected flows from look-up table. 
Table 6-22.  Comparison by life stage of instream flows which would provide maximum weighted usable area 

of habitat for steelhead and Chinook salmon in the Stanislaus River, between Goodwin Dam and 
Riverbank, California (adapted from Aceituno 1993).  No value for Chinook salmon adult migration 
flows was reported. 

Table 6-23.  Occurrence of High Allocation, Mid-Allocation and Conference Year types for New Melones 
Transitional Operation Plan, based on New Melones Operations since 1982 (CDEC data). 

Table 6-24.  Summary of flow conditions on the Stanislaus River during historical periods from 1904-1998.  
New Melones Dam construction was completed in 1979.  Goodwin Dam was completed in 1912 and the 
first dam in the basin dates at 1853 (Kondolf et al. 2001, table 5.2). 

Table 6-25.  Differences in long-term average annual Delta inflow and the 1929 – 1934 drought as modeled 
under the four CVP/SWP operations studies (CVP/SWP operations BA table 12-1). 

Table 6-26.  Differences in long-term average annual Delta outflow and the 1929 – 1934 drought as modeled 
under the four CVP/SWP operations studies (CVP/SWP operations BA table 12-2). 

Table 6-27.  Temporal distribution of anadromous fish species within the Delta (KL = Knights Landing, FW 
= Fremont Weir). 

Table 6-28.  Overall survival of fish entrained by the export pumping facilities at the Tracy Fish Collection 
Facilities and the John E. Skinner Fish Protection Facilities. 

Table 6-29.  Comparison of predicted monthly total export pumping from the CVP (Jones) and SWP (Banks) 
facilities for Studies 7.0 (current), 7.1 (near future) and 8.0 (future).  The percentage difference is 
calculated for the percentage change from the near future and future conditions to the current 
operations.  Highlighted cells are where future conditions have less pumping than current conditions. 

Table 6-30.  Projected Average Old and Middle River Flows by Water Year Types and Months 
Table 6-31.  Average change in Banks and Jones pumping grouped by water year type.  Highlighted cells 

indicate conditions where pumping is greater than the Study 7.0 current condition during the primary 
salmonid migration period (November through June). 

Table 6-32.  Route-specific survival through the Sacramento-San Joaquin Delta (Ŝh) and the probability of 
migrating through each route (Ψh) for acoustically tagged juvenile fall-run released on December 5, 2006, 
(R1) and January 17, 2007, (R2).  Also shown is the population survival through the delta (SDelta), which is 
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the average of route specific survival weighted by the probability of migrating through each route (from 
Perry and Skalski 2008). 

Table 6-33.  Average estimated Delta survival indices of fall-run Chinook salmon smolts by water year type at 
different levels of development:  unimpaired (no development), and at 1920, 1940, and 1990 levels of 
development (Table 7 in Kjelson and Brandes 1989). 

Table 6-34.  The proportion of juvenile Chinook salmon and steelhead production entering the Delta from the 
Sacramento River by month.  

Table 6-35.  Summary of listed fish captured at the Rock Slough Headworks and Pumping Plant 1 and 
amount of water diverted each year, 1998 – 2008. 

Table 6-36.  Scheduled VAMP target flows and export reductions required under the San Joaquin River 
Agreement. 

Table 6-37.  Trends for Average Changes in Flow for Climate Change Scenarios Relative to the Base Case. 
Table 6-38.  Trends for Average Changes in Delta Velocities for Climate Change Scenarios Relative to the 

Base Case. 
Table 6-39.  Percent of Central Valley fall- and late fall-fun annually available to killer whales that are 

produced by the Nimbus Fish Hatchery program over the duration of the proposed action (Appendix 3). 
Table 6-40.  Percent annual reduction in hatchery and natural Central Valley fall- and late fall-run available 

to Southern Residents from project-caused mortality over the duration of the proposed action (Appendix 
3). 

Table 6-41.  Percent annual reduction in natural Central Valley fall- and late fall-run Chinook salmon 
available to Southern Residents from project-caused mortality over the duration of the proposed action 
(Appendix 3). 

Table 6-42.  Percent annual change in Central Valley fall- and late fall-run Chinook available to Southern 
Residents under a drier, warmer climate scenario (based on Study 9.5, Appendix 3). 

Table 9-1.  Summary of proposed action-related effects on winter-run. 
Table 9-2.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the 

Sacramento River Winter-Run Chinook Salmon ESU.   
Table 9-3.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Sacramento 

River Winter-Run Chinook Salmon Designated Critical Habitat.   
Table 9-4.  Summary of proposed action-related effects on Clear Creek spring-run. 
Table 9-5.  Summary of proposed action-related effects on mainstem Sacramento River spring-run. 
Table 9-6.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the Central 

Valley Spring-Run Chinook Salmon ESU.   
Table 9-7.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Central 

Valley Spring-Run Chinook Salmon Designated Critical Habitat.   
Table 9-8.  Summary of proposed action-related effects on Clear Creek steelhead.  
Table 9-9.  Summary of proposed action-related effects on mainstem Sacramento River steelhead. 
Table 9-10.  Summary of proposed action-related effects on American River steelhead. 
Table 9-11.  Summary of proposed action-related effects on Stanislaus River steelhead. 
Table 9-12.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the CV 

steelhead DPS.   
Table 9-13.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Central 

Valley Steelhead Designated Critical Habitat.   
Table 9-14.  Summary of proposed action-related effects on green sturgeon. 
Table 9-15.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the 

Southern DPS of North American Green Sturgeon.   
Table 9-16.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Southern 

DPS of Green Sturgeon Proposed Critical Habitat.   



 30

 
 

BIOLOGICAL OPINION AND CONFERENCE OPINION 
 
ACTION AGENCY:  U.S. Bureau of Reclamation 
    Central Valley Operations Office 
 
ACTIVITY: Long-Term Operations of the Central Valley Project and State 

Water Project 
 
CONSULTATION 
CONDUCTED BY:  NOAA’s National Marine Fisheries Service 
    Southwest Region 
 
FILE NUMBER: 2008/09022 
 
DATE ISSUED: 
 
 
1.0  BACKGROUND AND CONSULTATION HISTORY 
 
1.1  Purpose 
 
The purpose of this document is to present NOAA’s National Marine Fisheries Service’s 
(NMFS) biological and conference opinion (Opinion), about whether the U.S. Bureau of 
Reclamation’s (Reclamation) proposed long-term operations of the Central Valley Project 
(CVP), operated in coordination with the State Water Project (SWP; hereafter referred to as 
CVP/SWP operations, the proposed action, or the project), is likely to jeopardize the continued 
existence of the following species: 

• Endangered Sacramento River winter-run Chinook salmon (Oncorhynchus tshawytscha, 
hereafter referred to as winter-run) 

• Threatened Central Valley spring-run Chinook salmon (O. tshawytscha, hereafter 
referred to as spring-run) 

• Threatened Central Valley (CV) steelhead (O. mykiss) 
• Threatened Central California Coast (CCC) steelhead (O. mykiss) 
• Threatened Southern Distinct Population Segment (DPS) of North American green 

sturgeon (Acipenser medirostris, hereafter referred to as Southern DPS of green 
sturgeon) 

• Endangered Southern Resident killer whales (Orcinus orca, hereafter referred to as 
Southern Residents) 

 
or destroy or adversely modify the designated critical habitat of the above salmon and steelhead 
species, or proposed critical habitat for Southern DPS of green sturgeon.  This Opinion is based 
on the best scientific and commercial information available. 
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1.2  Background 
 
Alterations to the natural hydrologic systems of the Sacramento and San Joaquin River basins 
began in the late 1800s, accelerating in the early 1900s, including the construction of three dams 
owned and operated by Reclamation, a fourth dam owned and operated by the California 
Department of Water Resources (DWR), and a multitude of pumps and hundreds of miles of 
gravity-fed water diversions constructed and operated by private water users and by Reclamation 
and DWR.  None of the major dams were constructed with fish ladders to pass anadromous fish 
and, as a result, salmon and steelhead have effectively been blocked from accessing the upper 
reaches of the basin.  Beginning in 1993, Shasta and Keswick Dam releases on the upper 
Sacramento River have been managed to provide cold water to the spawning habitat below 
Keswick Dam as per requirements of NMFS’ winter-run biological opinion on the operations of 
the CVP and SWP. 
 
1.3  Coordinated Operations Agreement 
 
In November 1986, the U.S. Federal government and DWR signed the Coordinated Operation 
Agreement (COA), which defines the rights and responsibilities of the CVP and SWP with 
respect to in-basin water needs and provides a mechanism to account for those rights and 
responsibilities.  Congress, through Public Law 99-546, authorized and directed the Secretary of 
the Interior to execute and implement the COA.  Under the COA, Reclamation and DWR agree 
to operate the CVP and SWP, respectively, under balanced conditions in a manner that meets 
Sacramento Valley and Delta needs while maintaining their respective water supplies, as 
identified in the COA.  “Balanced conditions” are defined as periods when the CVP and SWP 
agree that releases from upstream reservoirs, plus unregulated flow, approximately equal water 
supply needed to meet Sacramento Valley in-basin uses and CVP/SWP exports.  The COA is the 
Federal nexus for ESA section 7 consultation on operations of the SWP.  In this CVP/SWP 
operations consultation, DWR is considered an applicant. 
 
1.4  Consultation History 
 
On October 22, 2004, NMFS issued its biological opinion on the proposed CVP/SWP operations 
(NMFS 2004c, hereafter referred to as 2004 CVP/SWP operations Opinion).  Within that 
document was a consultation history that dated back to 1991, which is incorporated here by 
reference. 
 
On April 26 and May 19, 2006, Reclamation requested reinitiation of consultation on CVP/SWP 
operations based on new species listings and designated critical habitats.  In a June 19, 2006, 
letter to Reclamation, NMFS stated that there was not enough information in Reclamation’s 
request to initiate consultation.  NMFS provided a list of information required to fulfill the 
initiation package requirements [50 CFR 402.14(c)].  From May 2007, until May 29, 2008, 
NMFS participated in the following interagency forums, along with representatives from 
Reclamation, DWR, U.S. Fish and Wildlife Service (USFWS), and California Department of 
Fish and Game (CDFG), in order to provide technical assistance to Reclamation in its 
development of a biological assessment (BA) and reinitiation package. 
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• Biweekly interagency CVP/SWP operations meetings; 
• Biweekly five agencies management meetings; 
• Weekly directors’ meetings; and 
• Several modeling meetings. 

 
In addition, NMFS provided written feedback on multiple occasions: 

• Multiple e-mails from the USFWS (submitted on behalf of USFWS, NMFS, and CDFG) 
providing specific comments on various chapters of the draft CVP/SWP operations BA, 
including the legal setting (Chapter 1) and project description (Chapter 2); 

• February 15, 2008, e-mails from NMFS to Reclamation, transmitting comments on 
species accounts for the anadromous salmonid species and green sturgeon (Chapters 3-6, 
and 8); 

• A February 21, 2008, letter providing comments with regard to the development of the 
draft CVP/SWP operations BA, and in particular, the draft project description; and 

• An April 22, 2008, list of threatened and endangered species and critical habitats that 
occur within areas affected by the proposed action. 

 
On May 19, 2008, NMFS received Reclamation’s May 16, 2008, request to reinitiate formal 
consultation on CVP/SWP operations.  On May 30, 2008, Reclamation hand-delivered a revised 
BA containing appendices and modeling results.  On June 10, 2008, NMFS issued a letter to 
Reclamation indicating that a reinitiation package was received, and that NMFS would conduct a 
30-day sufficiency review of the BA received on May 30, 2008.  On July 2, 2008, NMFS issued 
a letter to Reclamation, indicating that the BA was not sufficient to reinitiate formal consultation.  
NMFS described additional information necessary to reinitiate consultation.  In addition, on July 
17, 2008, NMFS offered additional comments on the BA via e-mail.  Throughout July 2008, 
NMFS continued to participate in the interagency forums listed above to continue to provide 
technical assistance to Reclamation on its development of a final BA and complete reinitiation 
package.  In addition, meetings were held between NMFS and Reclamation staff on August 8, 
September 9, and September 19, 2008, to discuss and clarify outstanding concerns regarding the 
modeling, Essential Fish Habitat (EFH), and project description information contained in the 
draft BA.  On August 20 and September 3, 2008, NMFS received additional versions of the draft 
BA, hand-delivered to the NMFS Sacramento Area Office on digital video disc (DVD). 
 
On October 1, 2008, the Sacramento Area Office received a hand-delivered letter from 
Reclamation, transmitting the following documents:  (1) final BA on a DVD (Reclamation 
2008a, hereafter referred to as the CVP/SWP operations BA), (2) Attachment 1:  Comment 
Response Matrix, (3) Attachment 2:  errata sheet; (4) Attachment 3:  Additional modeling 
simulation information regarding Shasta Reservoir carryover storage and Sacramento River 
water temperature performance and exceedances; and (5) Attachment 4:  American River Flow 
Management Standard 2006 Draft Technical Report.  The letter and enclosures were provided in 
response to our July 2, 2008, letter to Reclamation, indicating that the BA was not sufficient to 
reinitiate formal consultation.  In its October 1, 2008, letter, Reclamation also committed to 
providing, by mid-October 2008, the following:  responses to comments and reinitiating 
consultation related to Pacific Coast Salmon EFH within the Central Valley, and (2) a request for 
conferencing and an analysis of effects of the continued long-term operation of the CVP and 
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SWP on proposed critical habitat for green sturgeon.  On October 20, 2008, Reclamation 
provided to NMFS via e-mail the analysis of effects on the proposed critical habitat of Southern 
DPS of green sturgeon.  In addition, on October 22, 2008, Reclamation provided to NMFS via e-
mail supplemental information regarding the EFH assessment on fall-run Chinook salmon 
(hereafter referred to as fall-run).  On November 21, 2008, NMFS issued a letter to Reclamation, 
indicating that Reclamation had provided sufficient information to reinitiate formal consultation 
on the effects of CVP/SWP operations, with the understandings that:  (1) Reclamation is 
committed to working with NMFS staff to provide any additional information NMFS determines 
necessary to analyze the effects of the proposed action; and (2) NMFS is required to issue a final 
Opinion on or before March 2, 2009 (see section 1.5.8.2, below).  
 
On December 11, 2008, NMFS issued a draft CVP/SWP operations Opinion for peer review 
through the CALFED Bay-Delta Program (CALFED) and the Center for Independent Experts 
(CIE), and also to Reclamation for review and comment.  Details about the reviews are provided 
below in sections 1.5.6.2 and 1.5.6.3.  Beginning the week of January 5, 2009, NMFS hosted 
weekly meetings with representatives from USFWS, CDFG, Reclamation, and DWR at the 
directors, managers, and technical levels, in addition to scheduling meetings on specific topics, 
to address, clarify, and resolve Reclamation’s and DWR’s comments on the draft Opinion and 
draft reasonable and prudent alternative (RPA). 
 
On January 15, 2009, Reclamation sent NMFS an e-mail, transmitting an attached file with 2 
pages to replace the North Bay Aqueduct section of the CVP/SWP operations BA on pages 13-
49 and 13-50.  In addition, section 3.1 of this Opinion documents additional changes to the 
CVP/SWP operations BA, specifically in Chapter 2 (project description). 
 
This document is NMFS’ Opinion on the proposed action, in accordance with section 7 of the 
Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. 1531 et seq.).  The request for 
formal consultation was received on October 1, 2008.  This final Opinion supersedes the 2004 
CVP/SWP operations Opinion.  This Opinion is based on:  (1) the reinitiation package provided 
by Reclamation, including the CVP/SWP operations BA, received by NMFS on October 1, 2008; 
(2) the supplemental analysis of effects on the proposed critical habitat of Southern DPS of green 
sturgeon and supplemental information regarding the EFH assessment on fall-run; (3) other 
supplemental information provided by Reclamation; (4) declarations submitted in court 
proceedings pursuant to Pacific Coast Federation of Fishermen Association (PCFFA) et al. v. 
Gutierrez et al.; and (5) scientific literature and reports.  A complete administrative record of this 
consultation is on file at the NMFS, Sacramento Area Office. 
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1.5  Key Consultation Considerations 
 
1.5.1  Southern Oregon/Northern California Coast (SONCC) Coho Salmon 
 
This Opinion analyzes the effects of the proposed action, including the Trinity River Division, on 
listed Central Valley anadromous fish species and Southern Residents (as it pertains to effects on 
Central Valley Chinook salmon availability as prey).  NMFS is analyzing the effects of the 
proposed action on SONCC coho salmon in a separate biological opinion.  Reclamation is 
currently in consultation with NMFS on this aspect of its operations. 
 
After consideration of the complexity of the SONCC coho salmon consultation and availability 
of staff resources, NMFS is committed to completing the SONCC coho salmon consultation by 
September 30, 2009. 
 
1.5.2  ESA Consultation on CVP and SWP Hatcheries 
 
CVP and SWP hatcheries within the Central Valley include the Livingston Stone National Fish 
Hatchery (LSNFH), Coleman National Fish Hatchery, Feather River Fish Hatchery (FRFH), and 
Nimbus Fish Hatchery.  The USFWS, which manages the LSNFH and Coleman National Fish 
Hatchery, has requested a separate ESA section 7 consultation on those hatcheries.  Therefore, 
the effects of the ongoing operations of the LSNFH and Coleman National Fish Hatchery are not 
analyzed as part of the proposed action in this consultation.  The FRFH is a mitigation hatchery 
for the impacts of DWR’s Oroville Dam.  Currently, the Federal Energy Regulatory Commission 
(FERC) is in consultation with NMFS on the effects of relicensing Oroville Dam (including the 
effects of FRFH).  Therefore, the FRFH is not considered in this consultation. 
 
The Trinity River Fish Hatchery is part of the Trinity River Division of the CVP.  Consistent 
with how NMFS will address the effects on SONCC coho salmon (see section 1.5.1, above), 
NMFS will defer the consideration of effects from Trinity River Fish Hatchery, as it pertains to 
any effects on SONCC coho salmon, to the separate formal consultation currently in process.   
 
The exception to the above consultation considerations on CVP and SWP hatcheries is that all 
Chinook salmon production from all Central Valley hatcheries (i.e., Coleman National Fish 
Hatchery, LSNFH, FRFH, Nimbus Fish Hatchery, Mokelumne Fish Hatchery, and Merced Fish 
Hatchery), in addition to the Trinity River Fish Hatchery, are considered in the analysis of effects 
on Southern Residents in this Opinion because these runs provide forage for Southern Residents.  
The Molelume River Hatchery (funded and operated by CDFG) and Merced Fish Hatchery 
(funded by the East Bay Municipal Utilities District and operated by CDFG) are not CVP or 
SWP hatcheries, but they make up a portion of hatchery-produced Chinook salmon from the 
Central Valley. 
 
In summary, of all the CVP and SWP hatcheries, aside from hatchery production for the 
Southern Residents, the specific operation of Nimbus Fish Hatchery will be analyzed in this 
consultation.  Overall, the combined effects from hatchery-produced fish in the Central Valley 
are included in the environmental baseline. 



 35

 
Managers for each CVP and SWP hatchery are currently engaged in discussions with NMFS in 
their development of a Hatchery and Genetic Management Plan (HGMP), pursuant to section 4 
of the ESA.  The HGMPs will include long-range planning and management of fish species 
cultured at the hatcheries.  To that end, the consultation and exemption of incidental take related 
to the continued operation of Nimbus Hatchery will sunset 2 years from the date of issuance of 
this Opinion.  As adoption of an HGMP under section 4 of the ESA is a Federal action, NMFS 
will conduct an intra-agency section 7 consultation prior to adoption of the HGMP. 
 
1.5.3  ESA Consultation Linkage to the Operation of Oroville Dam 
 
The Oroville Complex (Oroville Dam and related facilities, including the FRFH) is part of the 
SWP.  DWR has been operating the Oroville Complex under a FERC license and is currently 
undergoing a relicensing process with FERC.  The FERC license expired in January 2007, and 
until a new license is issued, DWR operates to the existing FERC license.  FERC is currently in 
consultation with NMFS regarding the effects of relicensing the Oroville Complex for 50 years.  
Because the effects of the Oroville Complex are considered in the ongoing FERC consultation, 
the effects of operation of Oroville Dam on listed fish within the Feather River is not considered 
in this consultation.  The analytical cutoff point of the hydrologic effects in the FERC analysis is 
at the Feather River’s confluence with the Sacramento River.  The effects of the flows from the 
Oroville Complex on all listed fish under NMFS jurisdiction in the Sacramento River and Delta 
are considered in this consultation. 
 
1.5.4  Individual Contracts 
 
This consultation addresses the long-term operations of the CVP and SWP, and does not satisfy 
Reclamation’s ESA section 7(a)(2) obligations for issuance of individual water supply contracts.    
Reclamation should consult with NMFS separately on their issuance of individual contracts.   
The analysis of effects of the proposed actions, however, assumes water deliveries under the 
contracts, as described and modeled in the BA. 
 
NMFS requests that by June 4, 2010, Reclamation provide written notification to NMFS and the 
State Water Resources Control Board (SWRCB) of any contract that it believes is creates a 
nondiscretionary obligation to deliver water, including the basis for this determination and the 
quantity of nondiscretionary water delivery required by the contract.  Any incidental take due to 
delivery of water to such a contractor is not be exempt from the ESA section 9 take prohibition 
in this Opinion.  
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1.5.5  Inspector General’s Report for the 2004 CVP/SWP Operations Opinion 
 
On October 8, 2004, 19 members of the U.S. House of Representatives submitted a letter to the 
inspectors general of the departments of Interior and Commerce, requesting a review of 
allegations that Reclamation, “…in its haste to finalize water contracts in California, has 
improperly undermined the required NOAA Fisheries environmental review process for the 
proposed long-term Operations, Criteria, and Plan (OCAP) for the Central Valley Project (CVP) 
and the State Water Project (SWP).”  Subsequent to that request, the Department of Commerce 
Office of Inspector General (IG), audited the process used by NMFS to develop the 2004 
CVP/SWP operations Opinion, with objectives to:  (1) identify the review process used to issue 
the 2004 CVP/SWP operations Opinion on Reclamation’s CVP and DWR’s SWP, and (2) 
determine whether NMFS – in developing the 2004 CVP/SWP operations Opinion – followed 
the consultation process for issuing biological opinions that is defined by its policies, procedures, 
and normal practices.  On July 8, 2005, Johnnie E. Frazier (Office of Audits, Seattle Regional 
Office) issued Final Report STL-17242-5-0001 to NMFS, which included the following findings:  
(1) The NMFS southwest regional office deviated from the agency’s established consultation 
initiation process, and (2) The southwest regional office did not follow its process for ensuring 
the quality of the biological opinion. 
 
Section 1.4 provides details regarding the consultation history leading up to the issuance of this 
CVP/SWP operations Opinion.  In response to IG finding #1, on November 21, 2008, NMFS 
issued a letter to Reclamation, indicating that Reclamation had provided sufficient information to 
reinitiate formal consultation on the effects of CVP/SWP operations, with the understanding that:  
(1) Reclamation is committed to working with NMFS staff to provide any additional information 
NMFS determines necessary to analyze the effects of the proposed action. 
 
To address IG finding #2, NMFS issued a series of documents to provide a clear and transparent 
description of the roles and responsibilities of regional staff in the review and clearance process 
for consultation documents.  The review and clearance process for non-routine formal 
consultations (which includes highly controversial, novel, or precedent-setting biological 
opinions, including this CVP/SWP operations Opinion) requires signatures of the Area Fffice 
Section 7 Coordinator, Area Office Supervisor, Regional Section 7 Coordinator, NOAA General 
Counsel, and Assistant Regional Administrator for Protected Resources on a clearance sheet 
acknowledging that proper review procedures were followed, prior to final signature by the 
Regional Administrator.  During the review process, consultation documents were reviewed for 
consistency with applicable policies, procedures and mandates; scientific accuracy; legal 
sufficiency; clear, effective, and efficient communication of analysis and reasoning; and 
compliance with required format, style, and tone.   
 
As provided above, the IG’s recommendations have been incorporated into NMFS’ review 
process and current formal consultation on the CVP/SWP operations. 
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1.5.6  Independent Peer Reviews of the 2004 CVP/SWP Operations Opinion 
 
In 2005, NMFS initiated peer reviews of its 2004 CVP/SWP operations Opinion through 
CALFED and the CIE.  In general, the peer reviewers’ charge was to evaluate and comment on 
the technical information, models, analyses, results, and assumptions that formed the basis for 
the assessment of the proposed long-term water operations of the CVP and SWP.  In December 
2005, CALFED issued its report and findings to NMFS.  Also in 2005, Dr. Thomas E. McMahon 
(CIE reviewer) and Dr. Jean-Jacques Maguire (CIE reviewer) issued their report and findings to 
NMFS.  Each of the reports had constructive recommendations for the 2004 CVP/SWP 
operations Opinion.  As an added level of review, NMFS requested the NMFS-Southwest 
Fisheries Science Center (SWFSC) to evaluate the peer reviews.  The NMFS-SWFSC issued a 
report to NMFS-Protected Resources Division on May 25, 2006, concluding that the three peer 
reviews offered generally valid and helpful critiques of the science underlying the 2004 
CVP/SWP operations Opinion.  The CVP/SWP operations BA and this Opinion considered 
and/or incorporated all of the substantive peer review recommendations, as appropriate. 
 
1.5.7  Reviews throughout the Current Reinitiated CVP/SWP Operations Consultation 
 
1.5.7.1  Temperature Management and Modeling Workshop 
 
The peer reviews of the 2004 CVP/SWP operations Opinion identified several temperature-
related concerns, with recommendations on how to address those concerns.  In February and 
March, 2008, NMFS convened an interagency planning team, consisting of representatives from 
Reclamation, DWR, USFWS, CALFED, and NMFS, to develop the scope and agenda for a 
workshop intended to provide a forum for discussion of issues related to temperature modeling 
and management on the upper Sacramento River in support of the CVP/SWP operations BA and 
NMFS’ Opinion.  On April 1, 2008, CALFED convened the 1-day public workshop, which 
consisted of a series of presentations and question-and-answer periods with selected local agency 
representatives, in Sacramento, California.  Topics discussed included anadromous species’ 
temperature needs, recovery approach for listed Central Valley salmonids, operational practices 
to manage temperature of the Sacramento River, modeling and technical tools presently used for 
CVP stream management, and case studies of temperature management in other watersheds.  
Following the workshop, CALFED convened a Review Panel of independent subject matter 
experts to evaluate the technical and scientific approach used to manage temperature in CVP 
streams as presented in the workshop.  The Review Panel provided a written synthesis of topics 
discussed during the workshop, their perspective of important issues, and available tools (with 
recommendations for their use) for addressing water temperature management in the upper 
Sacramento River, in support of NMFS’ Central Valley Recovery Plan temperature objectives 
(Deas et al. 2008).  The CVP/SWP operations BA and this Opinion considered and incorporated, 
as appropriate, the recommendations from Deas et al. (2008). 
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1.5.7.2  Peer Review of NMFS’ 2008 Draft CVP/SWP Operations Opinion 
 
NMFS sought peer reviews of its 2008 draft CVP/SWP operations Opinion through CALFED 
and the CIE.  Each review involved a different approach and process. 
 
The CALFED review format involves convening of a Panel of independent subject matter 
experts who review documents provided, then meet in a public workshop format where the Panel 
may interact with NMFS and other agency staff, ask questions and clarify information regarding 
their review charge.  Following the workshop, the Panel produces a report of their findings and 
recommendations.  This approach is beneficial in that the Panel has the opportunity to clear up 
potential misunderstandings regarding the information they have been provided so that their 
product is most likely to provide relevant feedback to NMFS, and there is the potential to 
discover useful input from attendees at the workshop, as well as from collaboration among 
reviewers.     
 
The CALFED peer review of the draft CVP/SWP operations Opinion occurred in two phases.  
The first phase was to evaluate and comment on NMFS analytical framework that would form 
the basis for this CVP/SWP operations Opinion.  On July 22, 2008, NMFS submitted its 
analytical framework document to CALFED for peer review.  On August 5, 2008, CALFED 
convened a public workshop in Sacramento, California, which consisted of several presentations 
from NMFS staff on the ESA section 7 consultation process and the proposed analytical 
approach, followed by a questions-and-answers session from the peer review Panel to the NMFS 
presenters.  At the end of the workshop, the Panel requested additional information from NMFS 
in order for it to provide meaningful feedback and recommendations to assist us in the 
development of the CVP/SWP operations Opinion.  Specifically, the Panel requested a copy of 
the CVP/SWP operations BA, making it clear that their intention was not to peer review the 
CVP/SWP operations BA, but to understand the information presented in the CVP/SWP 
operations BA in order to better respond to the peer review charge for the analytical framework.  
In addition, the peer review panel requested two mock analyses to show them how we intended 
to utilize our analytical framework, and also how the recommendations from the peer review of 
the 2004 CVP/SWP operations Opinion were addressed in the current reinitiated CVP/SWP 
operations consultation.  After NMFS fulfilled the peer review panel’s requests (at the time, the 
most recent draft of the CVP/SWP operations BA was August 20, 2008), a follow-up public 
workshop via conference call was held on August 29, 2008, mainly in the form of a questions-
and-answers session.  On November 4, 2008, NMFS received a letter from CALFED, 
transmitting the Panel’s October 31, 2008, document, “Independent Review of the 2008 NMFS 
Analytical Framework for its CVP/SWP operations Biological Opinion.” 
 
The second phase of the CALFED peer review was the review of a draft of the CVP/SWP 
operations Opinion in the current consultation.  The purpose of this independent review was to 
obtain the views of experts not involved in the consultation on the use of the best available 
scientific and commercial information as it pertains to the development of the CVP/SWP 
operations Opinion.  In addition, CIE peer reviewed a draft of the CVP/SWP operations Opinion 
in the current consultation.  On December 11, 2008, NMFS submitted its draft CVP/SWP 
operations Opinion to CALFED and the CIE for peer review.  As NMFS had draft conclusions of 
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jeopardy for winter-run, spring-run, CV steelhead, and Southern DPS of green sturgeon, and 
adverse modification of designated critical habitats of winter-run, spring-run, CV steelhead, and 
proposed critical habitat for Southern DPS of green sturgeon, NMFS also provided the draft 
reasonable and prudent alternative (RPA) to CALFED for review.  On January 8, 2009, 
CALFED convened a public workshop in Sacramento, California, which consisted of several 
presentations from NMFS staff, summarizing the effects analysis conducted in this consultation, 
followed by a questions-and-answers session from the Panel to the NMFS presenters.  On 
January 26, 2009, NMFS received a letter from CALFED, transmitting the Panel’s January 23, 
2009, document, “Independent Review of a Draft Version of the 2009 NMFS CVP/SWP 
operations Biological Opinion” (Anderson et al. 2009).   
 
The CALFED peer review approach also has been criticized for a potential lack of independence, 
as NMFS is a CALFED member agency.  NMFS fully supports the CALFED criteria for 
independence in its reviews, but also sought independent peer review through the CIE.   
 
The process for the CIE peer review is that CIE identifies a group of reviewers who will receive 
the materials for review.  They conduct their reviews guided by “Terms of Reference,” that is, a 
list of specific questions that NMFS requested to be answered in the peer review.  The reviewers 
work independently, and after the specified review period, they provide individual review reports 
to CIE and NMFS. 
 
On January 21, 2009, Dr. E. Eric Knudsen, Dr. Ian A. Fleming, and Dr. Richard A. Marston 
(CIE reviewers) issued their reports and findings to NMFS.  Each of the peer review reports had 
constructive recommendations towards the development of a more scientifically robust final 
Opinion.  However, in general, all of the peer reviewers and their reports acknowledged the 
incredibly complex proposed action, and that NMFS applied the best available information in its 
development of the draft Opinion.  This Opinion, and its supporting administrative record, 
considered and/or incorporated all of the substantive peer review recommendations, as 
appropriate.  NMFS also incorporated many of the suggested line edits from the peer review 
reports to improve the quality of this Opinion. 
 
1.5.7.3  Reclamation’s Review of the Draft CVP/SWP Operations Opinion 
 
In addition to the CALFED and CIE peer reviews, on December 11, 2008, NMFS issued the 
draft CVP/SWP operations Opinion, draft RPA, and EFH Conservation Recommendations to 
Reclamation for its review and comments.  On January 13, 2009, Reclamation provided its 
comments, in addition to transmitting comments from DWR.  On March 3, 2009, NMFS issued a 
revised draft of its CVP/SWP operations Opinion and draft RPA to Reclamation for its review 
and comment.  On March 20, 2009, Reclamation provided its comments, in addition to 
transmitting comments from DWR.  DWR provided additional comments on April 20, April 28, 
and May 1, 2009.  Many of Reclamation’s and DWR’s comments were consistent with and 
echoed those of the peer review reports.  NMFS considered and/or incorporated all of 
Reclamation’s and DWR’s substantive comments, as appropriate.  
 
1.5.8  Litigation and Settlement 
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1.5.8.1  USFWS’ CVP/SWP Operations Consultation on Delta Smelt 
 
On December 14, 2007, the United States District Court for the Eastern District of California 
issued an Interim Remedial Order in Natural Resources Defense Council, et al. v. Kempthorne, 
1:05-cv-1207 OWW GSA (E.D. Cal. 2007), to provide additional protection of the Federally-
listed Delta smelt pending completion of a new biological opinion for the continued operation of 
the CVP and SWP.  The Interim Remedial Order remains in effect until the USFWS issues a new 
biological opinion for the continued operation of the CVP and SWP, which must be completed 
by September 15, 2008.  A motion to extend the time for completion was filed on July 29, 2008.  
The court granted USFWS’ request to extend its court-ordered deadline to complete the 
biological opinion to December 15, 2008.   
 
The USFWS issued its biological opinion on December 15, 2008 (USFWS 2008a), with a 
jeopardy finding for Delta smelt, and adverse modification of Delta smelt designated critical 
habitat.  In its biological opinion, the USFWS proposed an RPA for Reclamation to consider.  
On December 15, 2008, Reclamation issued a memorandum to the USFWS, provisionally 
accepting the USFWS’ RPA, conditioned upon the further development and evaluation of RPA 
Components 3 and 4. 
 
1.5.8.2  NMFS’ CVP/SWP Operations Consultation 
 
On April 16, 2008, the United States District Court for the Eastern District of California issued a 
Memorandum Decision and Order on the Cross-Motions for Summary Judgment filed in PCFFA 
et al. v. Gutierrez et al, 1:06-cv-245-OWW-GSA (E.D. Cal. 2008).  The Court found that the 
Opinion issued by NMFS in 2004 was invalid.  An evidentiary hearing followed, resulting in a 
Remedies Ruling on July 18, 2008.  The ruling concluded that the court needed further evidence 
to consider the Plaintiffs’ proposed restrictions on CVP/SWP operations.  A Scheduling Order 
was filed by the court on July 24, 2008, and a further status conference was set for September 4, 
2008.  On October 21, 2008, Judge Wanger issued a ruling that California's canal water systems 
are placing wild salmon "unquestionably in jeopardy."  However, he did not issue any court-
ordered interim remedies pending a final NMFS Opinion, to be issued by March 2, 2009.  A 
motion to extend the time for completion was filed on January 21, 2009.  The court granted 
NMFS’ request to extend its court-ordered deadline to complete the biological opinion to June 2, 
2009.   
 
1.6  Term of the Opinion 
 
This biological opinion is effective through December 31, 2030. 
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2.0  Analytical Approach  
 
2.1  Introduction 
 
This section describes the analytical approach used by NMFS to evaluate the effects of the 
proposed action on listed species under NMFS jurisdiction.  The approach is intended to ensure 
that NMFS comports with the requirements of statute and regulations when conducting and 
presenting the analysis.  This includes the use of the best available scientific and commercial 
information relating to the status of the species and critical habitat and the effects of the proposed 
action.   
 
The following sub-sections outline the specific conceptual framework and key steps and 
assumptions utilized in the listed species jeopardy risk assessment and the critical habitat 
destruction or adverse modification risk assessment.  Wherever possible, these sections were 
written to apply to all six listed species, and associated designated and proposed critical habitats, 
occurring in the action area, which include: 

• Endangered Sacramento River winter-run Chinook salmon (Oncorhynchus tshawytscha); 
• Threatened Central Valley spring-run Chinook salmon (O. tshawytscha); 
• Threatened Central Valley steelhead (O. mykiss); 
• Threatened Central California Coast steelhead (O. mykiss); 
• Threatened Southern Distinct Population Segment of North American green sturgeon 

(Acipenser medirostris); 
• Endangered Southern Resident killer whales (Orcinus orca) 
• Designated critical habitats for listed salmonids; and  
• Proposed critical habitat for Southern DPS of green sturgeon. 

 
In the case of listed salmonids, NMFS has additional data and analytical frameworks that are 
applied as part of the overall approach.  These tools are called out in separate sub-sections.  
Readers are advised that with the exception of these specific sub-sections, the remainder of the 
discussion should be read as generally applicable to all affected listed species and critical 
habitats. 
 
The following discussion of our analytical approach is organized into several sub-sections, with 
the first sub-section describing the legal framework provided by the ESA and case law and 
policy guidance related to section 7 consultations.  Second, a general overview of how NMFS 
conducts its section 7 analysis is described, including various conceptual models of the overall 
approach and specific features of the approach are discussed.  This includes information on tools 
used in the analysis specific to this consultation.  We first describe our listed species analysis as 
it pertains to individual fish species and the physical, chemical, and biotic changes to the 
ecosystem caused by the proposed action.  Description of our critical habitat analysis follows.  
Third, we discuss the evidence available for the analysis, the related uncertainties, and critical 
assumptions NMFS made to bridge data gaps in the information provided to initiate consultation.  
Fourth, we diagram the overall conceptual approach in the assessment to address the integration 
of all available information and decision frameworks to support our assessment of the effects of 
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the proposed action.  Finally, we discuss the presentation of all of these analyses within this 
Opinion to provide a basic guide to the reader on the relevant sections where the results of 
specific analytical steps can be reviewed.  
  
2.2  Legal and Policy Framework 
 
The purposes of the ESA, “…are to provide a means whereby the ecosystems upon which 
endangered species and threatened species depend may be conserved, to provide a program for 
the conservation of such endangered species and threatened species, and to take such steps as 
may be appropriate to achieve the purposes of the treaties and conventions set forth in 
subsection (a) of this section.”  To help achieve these purposes, the ESA requires that, “Each 
Federal agency shall, in consultation with and with the assistance of the Secretary, insure that 
any action authorized, funded, or carried out by such agency is not likely to jeopardize the 
continued existence of any endangered species or threatened species or result in the destruction 
or adverse modification of habitat…”   
 
Jeopardy Standard.  The “jeopardy” standard has been further interpreted in regulation (50 CFR 
402.02) as a requirement that Federal agencies insure that their actions are not likely to result in 
appreciable reductions in the likelihood of both the survival and recovery of the species in the 
wild by reducing its numbers, reproduction, or distribution.  It is important to note that the 
purpose of the analysis is to determine whether or not appreciable reductions are reasonably 
expected, but not to precisely quantify the amount of those reductions.  As a result, our 
assessment often focuses on whether an appreciable reduction is expected or not, but not on 
detailed analyses designed to quantify the absolute amount of reduction or the resulting 
population characteristics (absolute abundance, for example) that could occur as a result of 
proposed action implementation.   
 
For the purposes of this analysis, NMFS equates a listed species’ probability (or risk) of 
extinction with the likelihood of both the survival and recovery of the species in the wild for 
purposes of conducting jeopardy analyses under section 7(a)(2) of the ESA.  In the case of listed 
salmonids, we use the Viable Salmonid Populations (VSP) framework (McElhany et al. 2000) as 
a bridge to the jeopardy standard.  A designation of “a high risk of extinction” or “low likelihood 
of becoming viable” indicates that the species faces significant risks from internal and external 
processes that can drive it to extinction.  The status assessment considers and diagnoses both the 
internal and external processes affecting a species’ extinction risk. 
 
For salmonids, the four VSP parameters are important to consider because they are predictors of 
extinction risk, and the parameters reflect general biological and ecological processes that are 
critical to the survival and recovery of the listed salmonid species (McElhany et al. 2000).  The 
VSP parameters of productivity, abundance, and population spatial structure are consistent with 
the “reproduction, numbers, or distribution” criteria found within the regulatory definition of 
jeopardy (50 CFR 402.02) and are used as surrogates for “numbers, reproduction, and 
distribution.”  The VSP parameter of diversity relates to all three jeopardy criteria.  For example, 
numbers, reproduction, and distribution are all affected when genetic or life history variability is 
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lost or constrained, resulting in reduced population resilience to environmental variation at local 
or landscape-levels. 
 
NMFS is currently in the process of developing a recovery plan for the listed Central Valley 
salmon and steelhead species.  A technical recovery team (TRT) was established to assist in the 
effort.  One of the TRT products, Lindley et al. (2007), provides a “Framework for Assessing 
Viability of Threatened and Endangered Chinook Salmon and Steelhead in the Sacramento-San 
Joaquin Basin.”  Along with assessing the current viability of the listed Central Valley salmon 
and steelhead species, Lindley et al. (2007) provided recommendations for recovering those 
species.  In addition, a co-managers’ review draft of the Central Valley recovery plan was issued, 
and NMFS received comments from various co-managers.  A public review draft of the recovery 
plan is likely to be issued in 2009.  Lindley et al. (2007) was relied on to establish the current 
status of the listed Central Valley salmon and steelhead species, and both Lindley et al. (2007) 
and the draft recovery plan were utilized to evaluate whether the proposed action does not 
“reduce appreciably the likelihood of survival and recovery.” 
 
Destruction or Adverse Modification Standard.  For critical habitat, NMFS did not rely on the 
regulatory definition of “destruction or adverse modification” of critical habitat at 50 CFR 
402.02.  Instead, we have relied upon the statutory provisions of the ESA to complete the 
analysis with respect to critical habitat.  NMFS will evaluate “destruction or adverse 
modification” of critical habitat by determining if the action reduces the value of critical habitat 
for the conservation of the species. 
 
Additional requirements on the analysis of the effects of an action are described in regulation (50 
CFR 402) and our conclusions related to “jeopardy” and “destruction or adverse modification” 
generally require an expansive evaluation of the direct and indirect consequences of the proposed 
action, related actions, and the overall context of the impacts to the species and habitat from past, 
present, and future actions as well as the condition of the affected species and critical habitat [for 
example, see the definitions of “cumulative effects,” “effects of the action,” and the requirements 
of 50 CFR 402.14(g)].  
 
Recent court cases have reinforced the requirements provided in section 7 regulations that NMFS 
must evaluate the effects of a proposed action within the context of the current condition of the 
species and critical habitat, including other factors affecting the survival and recovery of the 
species and the functions and value of critical habitat.  In addition, the courts have directed that 
our risk assessments consider the effects of climate change on the species and critical habitat and 
our prediction of the future impacts of a proposed action.     
 
Consultations designed to allow Federal agencies to fulfill these purposes and requirements are 
concluded with the issuance of a biological opinion or a concurrence letter.  For biological 
opinions, section 7 of the ESA and the implementing regulations (50 CFR 402), and associated 
guidance documents (e.g., USFWS and NMFS 1998) require the opinions to present:  (1) a 
description of the proposed Federal action; (2) a summary of the status of the affected species 
and its critical habitat; (3) a summary of the environmental baseline within the action area; (4) a 
detailed analysis of the effects of the proposed action on the affected species and critical habitat; 



(5) a description of cumulative effects; and (6) a conclusion as to whether it is reasonable to 
expect the proposed action is not likely to appreciably reduce the species’ likelihood of both 
surviving and recovering in the wild by reducing its numbers, reproduction, or distribution or 
result in the destruction or adverse modification of the species designated critical habitat.  
    
2.3  General Overview of the Approach and Models Used 
 
NMFS uses a series of sequential analyses to assess the effects of Federal actions on endangered 
and threatened species and designated critical habitat.  These sequential analyses are illustrated 
in figure 2-1.  The first analysis identifies those physical, chemical, or biotic aspects of proposed 
actions that are likely to have individual, interactive, or cumulative direct and indirect effects on 
the environment (we use the term “stressors” for these aspects of an action).  As part of this step, 
we identify the spatial extent of any potential stressors and recognize that the spatial extent of 
those stressors may change with time (the combined spatial extent of these stressors is the 
“action area” for a consultation).  
 
The second step of our analyses starts by identifying the endangered species, threatened species, 
or designated or proposed critical habitat that are likely to occur in the same space and at the 
same time as these potential stressors.  Then we try to estimate the nature of that co-occurrence 
(these represent our exposure analyses).  In this step of our analyses, we try to identify the 
number and age (or life stage) of the individuals that are likely to be exposed to an action’s 
effects and the populations or subpopulations those individuals represent or the specific areas 
and primary constituent elements of critical habitat that are likely to be exposed.  
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Figure 2-1.  General Conceptual Model for Conducting Section 7 as Applied to Analyses for Listed Species. 
 
Once we identify which listed resources (endangered and threatened species and designated 
critical habitat) are likely to be exposed to potential stressors associated with an action and the 
nature of that exposure, in the third step of our analyses, we examine the scientific and 
commercial data available to determine whether and how those listed resources are likely to 
respond given their exposure (these represent our response analyses).  The final steps of our 
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analyses - establishing the risks those responses pose to listed resources - are different for listed 
species and designated critical habitat and are further discussed in the following sub-sections 
(these represent our risk analyses). 
 
2.3.1  Application of the Approach to Listed Species Analyses 
 
Our jeopardy determinations must be based on an action’s effects on the continued existence of 
threatened or endangered species and how those “species” have been listed (e.g., as true 
biological species, subspecies, or distinct population segments of vertebrate species).  Because 
the continued existence of listed species depends on the fate of the populations that comprise 
them, the probability of extinction, or probability of persistence of listed species depends on the 
probabilities of extinction and persistence of the populations that comprise the species.  
Similarly, the continued existence of populations are determined by the fate of the individuals 
that comprise them; populations grow or decline as the individuals that comprise the population 
live, die, grow, mature, migrate, and reproduce (or fail to do so).  
 
Our analyses reflect these relationships between listed species and the populations that comprise 
them, and the individuals that comprise those populations.  We identify the probable risks that 
actions pose to listed individuals that are likely to be exposed to an action’s effects.  Our 
analyses then integrate those individuals risks to identify consequences to the populations those 
individuals represent.  Our analyses conclude by determining the consequences of those 
population-level risks to the species those populations comprise. 
 
We measure risks to listed individuals using the individual’s “fitness,” which are changes in an 
individual’s growth, survival, annual reproductive success, or lifetime reproductive success.  In 
particular, we examine the scientific and commercial data available to determine if an 
individual’s probable response to an action’s effects on the environment (which we identify in 
our response analyses) are likely to have consequences for the individual’s fitness. 
 
When individuals, whether they are listed plants or animals, are expected to experience 
reductions in fitness, we would expect those reductions to also reduce the abundance, 
reproduction rates, or growth rates (or increase variance in one or more of these rates) of the 
populations those individuals represent (see Stearns 1992).  Reductions in one or more of these 
variables (or one of the variables we derive from them) is a necessary condition for increases in a 
population’s probability of extinction, which is itself a necessary condition for increases in a 
species’ probability of extinction.   
 
If we conclude that listed plants or animals are likely to experience reductions in their fitness, 
our assessment tries to determine if those fitness reductions are likely to be sufficient to increase 
the probability of extinction of the populations those individuals represent (measured using 
changes in the populations’ abundance, reproduction, diversity, spatial structure and 
connectivity, growth rates, or variance in these measures to make inferences about the 
population’s extinction risks).  In this step of our analyses, we use the population’s base 
condition (established in the Status of the Species section of this Opinion) as our point of 
reference.  Generally, this reference condition is a measure of how near to or far from a species is 
to extinction or recovery.  



 
An important tool we use in this step of the assessment is a consideration of the life cycle of the 
species.  The consequences on a population’s probability of extinction as a result of impacts to 
different life stages are assessed within the framework of this life cycle and our current 
knowledge of the transition rates (essentially, survival and reproductive output rates) between 
stages, the sensitivity of population growth to changes in those rates, and the uncertainty in the 
available estimates or information.  An example of a Pacific salmonid life cycle is provided in 
figure 2-2. 
 
Various sets of data and modeling efforts are useful to consider when evaluating the transition 
rates between life stages and consequences on population growth as a result of variations in those 
rates.  These data are not available for all species considered in this Opinion; however data from 
surrogate species may be available for inference.  Where available, information on transition 
rates, sensitivity of population growth rate to changes in these rates, and the relative importance 
of impacts to different life stages is used to inform the translation of individual effects to 
population level effects.  Generally, however, we assume that the consequences of impacts to 
older reproductive and pre-reproductive life stages are more likely to affect population growth 
rates than impacts to early life stages.  But it is not always the adult transition rates that have the 
largest effect on population growth rate.  For example, absolute changes in the number of smolts 
that survive their migration to the ocean may have the largest impact on Chinook salmon 
population growth rate (Wilson 2003) followed by the number of alevins that survive to fry stage 
(POPTOOLS add-in to Microsoft Excel sensitivity analysis of simplified Chinook salmon life 
table). 
 

 
 
Figure 2-2.  Conceptual diagram of the life cycle of a Pacific salmonid. 
 
Similarly, in some sturgeon species, growth rate is most sensitive to young-of-the-year (YOY) 
and juvenile survival, and less sensitive to annual adult fecundity and survival (Caswell 2001).  
Thus, habitat alterations that decrease the survival of YOY or any class within the juvenile life 
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stage will more strongly influence the affected population’s growth rate than if the alteration will 
only affect fecundity or survival of adults (Gross et al. 2002).   
 
In addition, we recognize that populations may be vulnerable to small changes in transition rates.  
As hypothetically illustrated in figure 2-3, small reductions across multiple life stages can be 
sufficient to cause the extirpation of a population through the reduction of future abundance and 
reproduction of the species. 

 
Figure 2-3.  Illustration of cumulative effects associated with different life stages of Pacific salmon.  It is 
possible to increase population size or drive the population to extinction by only slight changes in 
survivorship at each life history stage.  Originally figure 9 in Naiman and Turner (2000, reproduced with 
permission from the publisher). 
 
Finally, our assessment tries to determine if changes in population viability are likely to be 
sufficient to reduce the viability of the species those populations comprise.  In this step of our 
analyses, we use the species’ status (established in the Status of the Species section of this 
Opinion) as our point of reference.  We also use our knowledge of the population structure of the 
species to assess the consequences of the increase in extinction risk to one or more of those 
populations.  Our Status of the Species section will discuss the available information on the 
structure and diversity of the populations that comprise the listed species and any available 
guidance on the role of those populations in the recovery of the species.  An example conceptual 
model of the population structure of spring-run is provided in figure 2-4.  This model illustrates 
the historic structure of the species and notes those populations that have been extirpated to 
provide a sense of the existing and lost diversity and structure within the species.  Both the 
existing and lost diversity and structure are important considerations when evaluating the 
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consequences of increases in the extinction risk of an existing population or effects to areas that 
historically had populations.   
 

 
 BPL – Basalt and Porous Lava 
 NW Cali -  Northwest California   

DG – Diversity Group 
 
Figure 2-4.  Population structure of the Central Valley spring-run Chinook salmon ESU.  Red crosses 
indicate populations and diversity groups that have been extirpated.  Extant independent populations are 
identified in all capital letters.  It should be noted that all four independent populations which historically 
occurred in the Feather River watershed tributaries (i.e., north, middle, and south forks, and the west 
branch) are now extinct, however, a hatchery population does currently occur in the Feather River below 
Oroville Dam.  Chinook salmon exhibiting spring-run characteristics occur in the mainstem Sacramento 
River below Keswick Dam. 
 
NMFS developed a set of tables designed to collect and evaluate the available information on the 
expected proposed action stressors and the exposure, response and risk posed to individuals of 
the species.  Figure 2-6 outlines the basic set of information we evaluated.  We rank the effects to 
individuals on the basis of the severity of the predicted response and resulting fitness 
consequence within life stages.  As discussed above, in the absence of other information, we 
assume that fitness consequences to smolts are more likely to have resulting population level 
effects than impacts to early life stages, like eggs or alevins.   
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A discussion of the method of determining effects to individuals of the species using listed 
salmonids. 
 
The first steps in evaluating the potential impacts a project may have on an individual fish would entail:  
(1) identifying the seasonal periodicity and life history traits and biological requirements of listed 
salmon and steelhead within the Project area.  Understanding the spatial and temporal occurrence of 
these fish is a key step in evaluating how they are affected by current human activities and natural 
phenomena; (2) identifying the main variables that define riverine characteristics that may change as 
the result of project implementation; (3) determining the extent of change in each variable in terms of 
time, space, magnitude, duration, and frequency; (4) determining if individual listed species will be 
exposed to potential changes in these variables; and (5) then evaluating how the changed characteristic 
would affect the individual fish in terms of the fish’s growth, survival, and/or reproductive success.   
 
Riverine characteristics may include:  flow, water quality, vegetation, channel morphology, hydrology, 
neighboring channel hydrodynamics, and connectivity among upstream and downstream processes.  
Each of these main habitat characteristics is defined by several attributes (i.e., water quality includes 
water temperature, dissolved oxygen, ammonia concentrations, turbidity, etc.).  The degree to which the 
proposed project may change attributes of each habitat characteristic will be evaluated quantitatively 
and/or qualitatively, in the context of its spatial and temporal relevance.  Not all of the riverine 
characteristics and associated attributes identified above may be affected by proposed project 
implementation to a degree where meaningful qualitative or quantitative evaluations can be conducted.  
That is, if differences in flow with and without the proposed project implementation are not sufficient to 
influence neighboring channel hydrodynamics, then these hydrodynamics will not be evaluated in 
detail, either quantitatively or qualitatively. The changed nature of each attribute will then be compared 
to the attribute’s known or estimated habitat requirements for each fish species and life stage.  For 
example, if water temperature modeling results demonstrate that water temperatures during the winter-
run spawning season (mid-April through mid-August) would be warmer with implementation of the 
proposed project, then the extent of warming and associated impact, would be assessed in consideration 
of the water temperature ranges required for successful winter-run spawning. 
 
NMFS then evaluates the likely response of listed salmonids to such stressors based on the best 
available scientific and commercial information available, including observations of how similar 
exposures have affected these species.  NMFS assesses whether the conditions that result from the 
proposed project, in combination with conditions influenced by other past and ongoing activities and 
natural phenomena as described by the factors responsible for the current status of the listed species, 
will affect growth, survival, or reproductive success (i.e., fitness) of individual listed salmonids at the 
life stage scale.  
 
NMFS will then evaluate how the proposed project’s effects on riverine characteristics may affect the 
growth, survival, and reproductive success of individual fish.  For example, growth and survival and 
reproductive success of individual fish may all be affected if the proposed project results in increased 
water temperatures during multiple life stages.  Individual fish growth also may be affected by reduced 
availability, quantity, and quality of habitats (e.g., floodplains, channel margins, intertidal marshes, 
etc.).  Survival of an individual fish may be affected by suboptimal water quality, increased predation 
risk associated with non-native predatory habitats and physical structures (such as gates, weirs), 
impeded passage, and susceptibility to disease.  Reproductive success of individual fish may be affected 
by impeded or delayed passage to natal streams, suboptimal water quality (e.g., temperature), which can 
increase susceptibility to disease, and reduced quantity and quality of spawning habitats.  Instream flow 
studies (e.g., instream flow incremental methodology studies) available in the literature, which describe 
the relationship between spawning habitat availability and flow, will be used to assess proposed project-
related effects on reproductive success.  All factors associated with the proposed project that affect 
individual fish growth, survival, or reproductive success will be identified during the exposure analyses.
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For example, the Central Valley Domain TRT recommended that for winter-run, spring-run, and 
CV steelhead, all extant (still surviving) populations should be secured and that, “…every extant 
population be viewed as necessary for the recovery of the ESU [Evolutionarily Significant Unit]” 
(Lindley et al. 2007).  Based on this recommendation, it was assumed that if appreciable 
reductions in any population’s viability are expected to result from implementation of the 
proposed action, then this would be expected to appreciably reduce the likelihood of both the 
survival and recovery of the diversity group the population belongs to as well as the listed 
ESU/DPS. 
 
Figure 2-1 outlined these basic steps in the analysis.  Table 2-1 presents the basic set of 
propositions and consultation outcomes associated with acceptance or rejection of those 
propositions that we utilize when conducting our evaluation of effects of the proposed action.  
These follow a logic path and hierarchical structure (figure 2-5) that is used to organize the 
jeopardy risk assessment. 
 
Table 2-1.  Reasoning and decision-making steps for analyzing the effects of the proposed action on listed 
species.  Acronyms and abbreviations in the action column refer to not likely to adversely affect (NLAA) and 
not likely/likely to jeopardize (NLJ/LJ). 
Step Apply the Available Evidence to Determine if… True/False Action 

True End 
A The proposed action is not likely to produce stressors that have direct or indirect 

adverse consequences on the environment False Go to 
B 

True NLAA 
B Listed individuals are not likely to be exposed to one or more of those stressors or 

one or more of the direct or indirect consequences of the proposed action False Go to 
C 

True NLAA 
C Listed individuals are not likely to respond upon being exposed to one or more of 

the stressors produced by the proposed action False Go to 
D 

True NLAA 
D Any responses are not likely to constitute “take” or reduce the fitness of the 

individuals that have been exposed. False Go to 
E 

True NLJ 
E Any reductions in individual fitness are not likely to reduce the viability of the 

populations those individuals represent. False Go to 
F 

True NLJ F Any reductions in the viability of the exposed populations are not likely to reduce 
the viability of the species. False LJ 
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Figure 2-5.  Conceptual model of the hierarchical structure that is used to organize the jeopardy risk 
assessment. 
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Figure 2-6.  General set of information collected to track effects of the proposed action and resulting 
exposure, response, and risk to listed species. 
 
2.3.1.1  The Viable Salmonid Populations Framework in Listed Salmonid Analyses 
 
In order to assess the survival and recovery of any species, a guiding framework that includes the 
most appropriate biological and demographic parameters is required.  This has been generally 
defined above.  For Pacific salmon, McElhany et al. (2000) defines VSP as an independent 
population that has a negligible probability of extinction over a 100-year time frame.  The VSP 
concept provides specific guidance for estimating the viability of populations and larger-scale 
groupings of Pacific salmonids such as ESU or DPS.  Four VSP parameters form the key to 
evaluating population and ESU/DPS viability:  (1) abundance; (2) productivity (i.e., population 
growth rate); (3) population spatial structure; and (4) diversity (McElhany et al. 2000).  These 
four parameters and their associated attributes are presented in figure 2-7.  In addition, the 
condition and capacity of the ecosystem upon which the population (and species) depends plays 
a critical role in the viability of the population or species.  Without sufficient space, including 
accessible and diverse areas the species can utilize to weather variation in their environment, the 
population and species cannot be resilient to chance environmental variations and localized 
catastrophes.  As discussed in the Status of the Species, salmonids have evolved a wide variety of 
life history strategies designed to take advantage of varying environmental conditions.  Loss or 
impairment of the species’ ability to utilize these adaptations increases their risk of extinction. 
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ABUNDANCE (N) 
 
A population should be large enough to 
survive and be resilient to environmental 
variations and catastrophes such as 
fluctuations in ocean conditions, local 
contaminant spills, or landslides. 
 
Population size must be sufficient to 
maintain genetic diversity. 

PRODUCTIVITY  
(POPULATION GROWTH RATE) 
 
Natural productivity should be sufficient to reproduce the 
population at a level of abundance that is viable. 
 
Productivity should be sufficient throughout freshwater, 
estuarine, and nearshore life stages to maintain viable 
abundance levels, even during poor ocean conditions. 
 
A viable salmon population that includes naturally 
spawning hatchery-origin fish should exhibit sufficient 
productivity from spawners of natural origin to maintain 
the population without hatchery subsidy. 
 
A viable salmon population should not exhibit sustained 
declines that span multiple generations. 

N

POP GROWTH 

DIVERSITY STRUCTURE 
Freshwater 
Estuarine 
Marine

HABITAT CAPACITY AND DIVERSITY 

DIVERSITY 
 
Human-caused factors such as habitat changes, 
harvest pressures, artificial propagation, and exotic 
species introduction should not substantially alter 
variation in traits such as run timing, age structure, 
size, fecundity (birth rate), morphology, behavior, 
and genetic characteristics. 
 
The rate of gene flow among populations should 
not be altered by human caused factors. 
 
Natural processes that cause ecological variation 
should be maintained. 
 

SPATIAL STRUCTURE  
 
Habitat patches should not be destroyed faster than they are 
naturally created. 
 
Human activities should not increase or decrease natural rates of 
straying among salmon sub-populations. 
 
Habitat patches should be close enough to allow the appropriate 
exchange of spawners and the expansion of population into 
underused patches. 
 
Some habitat patches may operate as highly productive sources for 
population production and should be maintained. 
 
Due to the time lag between the appearance of empty habitat and 
its colonization by fish, some habitat patches should be maintained 
that appear to be suitable, or marginally suitable, even if they 
currently contain no fish. 

 
Figure 2-7.  Viable salmonid population (VSP) parameters and their attributes.  In addition, the quality, 
quantity and diversity of the habitat (habitat capacity and diversity) available to the species in each of its 
three main habitat types (freshwater, estuarine and marine environments) is a critical foundation to VSP.  
Salmon cannot persist in the wild and withstand natural environmental variations in limited or degraded 
habitats. 
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As presented in Good et al. (2005), criteria for VSP are based upon measures of the VSP 
parameters that reasonably predict extinction risk and reflect processes important to populations.  
Abundance is critical, because small populations are generally at greater risk of extinction than 
large populations.  Stage-specific or lifetime productivity (i.e., population growth rate) provides 
information on important demographic processes.  Genotypic and phenotypic diversity are 
important in that they allow species to use a wide array of environments, respond to short-term 
changes in the environment, and adapt to long-term environmental change.  Spatial structure 
reflects how abundance is distributed among available or potentially available habitats, and can 
affect overall extinction risk and evolutionary processes that may alter a population’s ability to 
respond to environmental change. 
 
The VSP concept also identifies guidelines describing a viable ESU/DPS.  The viability of an 
ESU or DPS depends on the number of populations within the ESU or DPS, their individual 
status, their spatial arrangement with respect to each other and to sources of potential 
catastrophes, and diversity of the populations and their habitat (Lindley et al. 2007).  Guidelines 
describing what constitutes a viable ESU are presented in detail in McElhany et al. (2000).  More 
specific recommendations of the characteristics describing a viable Central Valley salmon 
population are found in table 1 of Lindley et al. (2007). 
 
Along with the VSP concept, NMFS uses a conceptual model of the species to evaluate the 
potential impact of proposed actions.  For the species, the conceptual model is based on a 
bottom-up hierarchical organization of individual fish at the life stage scale, population, diversity 
group, and ESU/DPS (figure 2-8).  The guiding principle behind this conceptual model is that the 
viability of a species (e.g., ESU) is dependent on the viability of the diversity groups that 
compose that species and the spatial distribution of those groups; the viability of a diversity 
group is dependent on the viability of the populations that compose that group and the spatial 
distribution of those populations; and the viability of the population is dependent on the four 
VSP parameters, and on the fitness and survival of individuals at the life stage scale.  The 
anadromous salmonid life cycle (see figure 2-2) includes the following life stages and behaviors, 
which will be evaluated for potential effects resulting from the proposed action:  adult 
immigration and holding, spawning, embryo incubation, juvenile rearing and downstream 
movement1, and smolt outmigration. 
 
2.3.1.2  Approach to Southern DPS of Green Sturgeon 
 
Although McElhany et al. (2000) specifically addresses viable populations of salmonids, NMFS 
believes that the concepts and viability parameters in McElhany et al. (2000) can also be applied 
to the Southern DPS of green sturgeon.  Therefore, in this consultation, NMFS applies McElhany 
et al. (2000) and the viability parameters in its characterization of the environmental baseline and 
analysis of effects of the action to the Southern DPS of green sturgeon. 

 
1 The juvenile rearing and downstream movement life stage is intended to include fry emergence, and fry and 

fingerling rearing, which occurs both in natal streams and as these fish are moving downstream through migratory 
corridors at a pre-smolt stage.  The distinction between juveniles and smolts is made because smolts have colder 
thermal requirements than juveniles that are not undergoing osmoregulatory physiological transformations.   



 
 

 
Figure 2-8.  Conceptual model of the hierarchical structure that is used to organize the jeopardy risk 
assessment for anadromous salmonids.   

ESU/DPS

DIVERSITY GROUPS

POPULATIONS 

INDIVIDUALS 
(egg, juvenile, smolt, or adult) 

 
2.3.1.3  Approach Specific to Southern Resident Killer Whales 
 
The General Approach (section 2.3) and Application of the Approach to Listed Species Analysis 
(section 2.3.1) described above also applies to our approach for Southern Residents.  The 
Southern Resident killer whale DPS is a single population.  The population is composed of three 
pods, or groups of related matrilines, that belong to one clan of a common but older maternal 
heritage (NMFS 2008a).  The Southern Residents population is sufficiently small and the 
probability of quasi-extinction is sufficiently likely that all individuals of the three pods are 
important to the survival and recovery of the DPS.  Representation from all three pods is 
necessary to meet biological criteria for Southern Resident downlisting and recovery (NMFS 
2008).  For these reasons, it is NMFS’ opinion that any action that is likely to hinder the 
reproductive success or result in serious injury or mortality of a single individual is likely to 
appreciably reduce the survival and recovery of the DPS.  Therefore, effects on the Southern 
Resident killer whale DPS are informed by evaluating effects on individual whales. 
 
2.3.2  Application of the Approach to Critical Habitat Analyses 
 
The basis of the “destruction or adverse modification” analysis is to evaluate whether the 
proposed action results in negative changes in the function and role of the critical habitat in the 
conservation of the species.  Our evaluation of habitat conservation value entails an assessment 
of whether the essential features are functioning to meet the biological requirements of a 
recovered species, or how far the features are from this condition.  As a result, NMFS bases the 
critical habitat analysis on the affected areas and functions of critical habitat essential for the 
conservation of the species, and not on how individuals of the species will respond to changes in 

 54



 55

habitat quantity and quality.  If an area encompassed in a critical habitat designation is likely to 
be exposed to the direct or indirect consequences of the proposed action on the natural 
environment, we ask if constituent elements included in the designation (if there are any) or 
physical, chemical, or biotic phenomena that give the designated area value for the conservation 
of the species are likely to respond to that exposure.  In particular we are concerned about 
responses that are sufficient to reduce the quantity, quality, or availability of those constituent 
elements or physical, chemical, or biotic phenomena. 
 
To conduct this analysis, NMFS follows the basic exposure-response-risk analytical steps 
described in figure 2-1 and applies a set of reasoning and decision-making questions designed to 
aid in our determination.  These questions follow a similar logic path and hierarchical approach 
of the elements and areas within a critical habitat designation.  The reasoning and decision-
making steps are outlined in table 2-2.  Figure 2-9 contains the basic hierarchical organization of 
critical habitat. 
 
Table 2-2.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Designated 
Critical Habitat.  Acronyms and Abbreviations in the Action Column Refer to Not Likely to Adversely Affect 
(NLAA) and Adverse Modification of Critical Habitat (AD MOD). 
Step Apply the Available Evidence to Determine if… True/False Action 

True End A The proposed action is not likely to produce stressors that have direct of indirect 
adverse consequences on the environment False Go to B 

True NLAA 
B 

Areas of designated critical habitat are not likely to be exposed to one or more of 
those stressors or one or more of the direct or indirect consequences of the 
proposed action False Go to C 

True NLAA 
C 

The quantity, quality, or availability of all constituent elements of critical habitat 
are not likely to be reduced upon being exposed to one or more of the stressors 
produced by the proposed action False Go to D 

True - 
D 

Any reductions in the quantity, quality, or availability of one or more constituent 
elements of critical habitat are not likely to reduce the conservation value of the 
exposed area False Go to E 

True No AD 
MOD E Any reductions in the conservation value of the exposed area of critical habitat are 

not likely to reduce the conservation value of the critical habitat designation False AD 
MOD 

 
To aid our analysis, NMFS developed a set of tables designed to track and combine the stressors, 
exposure, response, and risk related to the various elements of the proposed action.  Figure 2-10 
contains the basic set of information we evaluated.  These tables allow us to determine the 
expected consequences of the action on elements and areas of critical habitat, sort or rank 
through those consequences, and determine whether areas of critical habitat are exposed to 
additive effects of the proposed action and the environmental baseline.  We rank the effects to 
critical habitat on the basis of the severity of the predicted response of the element or area within 
the functions provided by various areas of critical habitat (effects ranked within spawning habitat 
or migratory corridors, for example).  In the absence of information regarding the relative 
importance or vulnerability of different habitat types, we did not find it appropriate to attempt to 
rank effects across habitat types or functions.  We recognize that the conservation value of 
critical habitat is a dynamic property that changes over time in response to changes in land use 
patterns, climate (at several spatial scales), ecological processes, changes in the dynamics of 



biotic components of the habitat, etc.  For these reasons, some areas of critical habitat might 
respond to an exposure when others do not.  We also considered how areas and functions of 
designated critical habitat are likely to respond to any interactions and synergisms between or 
cumulative effects of pre-existing stressors and proposed stressors. 
 
At the heart of the analysis is the basic premise that the conservation value of an overall critical 
habitat designation is the sum of the values of the components that comprise the habitat.  For 
example, the conservation value of listed salmonid critical habitat is determined by the 
conservation value of the watersheds that make up the designated area.  In turn, the conservation 
value of the components is the sum of the value of the primary constituent elements (PCEs) that 
make up the area.  PCEs are specific areas or functions, such as spawning or rearing habitat, that 
support different life history stages or requirements of the species.  The conservation value of the 
PCE is the sum of the quantity, quality, and availability of the essential features of that PCE.  
Essential features are the specific processes, variables, or elements that comprise a PCE.  Thus, 
an example of a PCE would be spawning habitat and the essential features of that spawning 
habitat would be conditions such as clean spawning gravels, appropriate timing and duration of 
certain water temperatures, and water free of pollutants. 
 

 
Figure 2-9.  Conceptual model of the hierarchical structure that is used to organize the destruction or adverse 
modification assessment for critical habitat.  This structure is sometimes collapsed for actions with very large 
action areas that encompass more than one specific area or feature.   

PRIMARY CONSTITUENT ELEMENTS 
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Figure 2-10.  General set of information collected to track proposed action effects and resulting exposure, 
response, and risk to elements of critical habitat. 
 
Therefore, reductions in the quantity, quality, or availability of one or more essential features 
reduce the value of the PCE, which in turn reduces the function of the sub-area (e.g., 
watersheds), which in turn reduces the function of the overall designation.  In the strictest 
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interpretation, reductions to any one essential feature or PCE would equate to a reduction in the 
value of the whole.  However there are other considerations.  We look to various factors to 
determine if the reduction in the value of an essential feature or PCE would affect higher levels 
of organization.  For example: 
 

• The timing, duration and magnitude of the reduction 
• The permanent or temporary nature of the reduction 
• Whether the essential feature or PCE is limiting (in the action area or across the 

designation) to the recovery of the species or supports a critical life stage in the recovery 
of the species (for example, juvenile survival is a limiting factor in recovery of the 
species and the habitat PCE supports juvenile survival). 

 
In our assessment, we combine information about the contribution of critical habitat PCEs (or of 
the physical, chemical, or biotic phenomena that give the designated area value for the 
conservation of listed species) to the conservation value of those areas of critical habitat that 
occur in the action area, given the physical, chemical, biotic, and ecological processes that 
produce and maintain those PCEs in the action area.  We use the conservation value of those 
areas of designated critical habitat that occur in the action area as our point of reference for this 
comparison.  For example, if the critical habitat in the action area has limited current value or 
potential value for the conservation of listed species that limited value is our point of reference 
for our assessment of the consequences of the added effects of the proposed action on that 
conservation value. 
 
Figure 2-11 illustrates the basic model of the critical habitat analysis following the hierarchical 
organization of critical habitat and the comparison between the reference (without action) 
condition of the conservation value of critical habitat and the conservation value of critical 
habitat with action implementation. 
 
2.3.3  Characterization of the Environmental Baseline 
 
ESA regulations define the environmental baseline as “the past and present impacts of all 
Federal, State, or private actions and other human activities in the action area, the anticipated 
impacts of all proposed Federal projects in the action area that have already undergone formal or 
early section 7 consultation, and the impact of State or private actions which are 
contemporaneous with the consultation in process” (50 CFR 402.02).  The "effects of the action” 
include the direct and indirect effects of the proposed action and of interrelated or interdependent 
activities, “that will be added to the environmental baseline” (50 CFR 402.02).  Implicit in both 
these definitions is a need to anticipate future effects, including the future component of the 
environmental baseline.  Future effects of Federal projects that have undergone consultation and 
of contemporaneous State and private actions, as well as future changes due to natural processes, 
are part of the future baseline, to which effects of the proposed project are added.   
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Figure 2-11.  Conceptual diagram of the critical habitat analyses presented in this biological opinion.  For illustration purposes, the Rearing Habitat 
PCE for listed salmonids is pulled out to show the basic flow of the analysis.  Full analyses consider the effects to all PCEs and essential features of 
critical habitat.
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In consultations on continuing actions such as CVP/SWP operations, it is quite difficult to 
separate future baseline effects from the anticipated effects of the proposed action.  Operations of 
existing structures, such as dams and gates, for water supply, flood control, and other purposes -- 
the proposed action -- are integrally related to the existence of the structures themselves, but 
effects of the mere existence of the structures are not effects of the proposed action.  See 
National Wildlife Federation v. National Marine Fisheries Service, 524 F.3d 917, 930-31 (9th 
Cir. 2008). Similarly, some activities that are part of the proposed project are non-discretionary, 
and their effects are also not effects of the proposed action.  See id. at 928-29 (citing National 
Ass’n of Home Builders v. Defenders of Wildlife, 551 U.S. 644 (2007). 
 
Consequently, it is not surprising that in its review of NMFS’ December 11, 2008, draft OCAP 
Opinion, the CALFED Science Review Panel (Anderson et al. 2009) commented that a clearly 
defined baseline was lacking.  Reclamation (2009) provided similar comments.  NMFS 
acknowledges that it was not easy to discern a uniform approach to characterizing the 
environmental baseline in the draft Opinion.  NMFS believes, however, that this is due to the 
nature of the action under consultation and available information, rather than a flawed approach 
to the analysis.  NMFS clarifies its approach here and in relevant sections of the Opinion. 
 
In National Wildlife Federation, a case regarding consultation on the effects of operating 
hydropower dams on the Columbia River, the 9th Circuit Court of Appeals rejected NMFS’ 
attempt to narrow the “effects of the action” by defining the baseline to include operations that 
NMFS deemed to be “nondiscretionary.”  The Court observed that many of the actions NMFS 
deemed “nondiscretionary” actually were subject to the action agencies’ discretion, and it held 
that it was impermissible to create an imaginary “reference operation” excluding these actions, to 
which the effects of the action could be compared.  Rather, the Court said that the regulatory 
requirement to consider the effects of the action added to the environmental baseline “simply 
requires NMFS to consider the effects of [the] actions ‘within the context of other existing 
human activities that impact the listed species.’ [citations omitted]”  Id. at 930.  In other words, 
the effects of a particular Federal action are intended to be evaluated not simply on their own, but 
as they affect the species in combination with other processes and activities.      
 
The question addressed in a consultation is whether the project jeopardizes the species’ 
continued existence.  As the court stated in National Wildlife Federation, even if the baseline 
itself causes jeopardy to the species, only if the project causes additional harm can the project be 
found to jeopardize the species’ continued existence.  Id.  This determination requires an 
evaluation of the project’s effects, separate from the conditions that would exist if the project 
were not carried out.  
 
NMFS and Reclamation together attempted to isolate the effects of proposed project operations 
by segregating the activities that are within Reclamation’s discretion to change in the future from 
those that are not.  This effort was not fruitful.  The CVP/SWP operations BA begins with a 
summary of legal and statutory authorities, water rights, and other obligations relevant to the 
action (Chapter 1), all of which are incorporated into the project description (Chapter 2).  Neither 
chapter describes what Reclamation’s nondiscretionary operations would be if discretionary 
aspects of the proposed action were not implemented.  In addition, in all of the models and 
simulations that Reclamation used to prepare the CVP/SWP operations BA, a “no project” 



scenario was not run.  For example, table 2-1 in the CVP/SWP operations BA identifies the 
major proposed operational actions for consultation, including implementation of the water 
quality control plan (WQCP), but it is not clear whether implementing the WQCP, or some 
portion of it, is a non-discretionary action. 
 
Consequently, we determined that if NMFS were to propose a “no project operations” scenario 
to characterize the environmental baseline, it would be speculative and not supported by the 
model runs.  Following the 9th Circuit’s reasoning, with limited exceptions, NMFS assumed that 
all CVP and SWP operations are subject to the discretion of the project agencies and, thus, that 
all effects of future operations are effects of the proposed action.  The only project effects 
considered to be within the future baseline (and thus not effects of the proposed action) are those 
caused by activities that are clearly outside the agencies’ authority.  For example, as in National 
Wildlife Federation, it is not within the agencies’ discretion to remove dams, so the effects of 
their existence are part of the baseline.  Figure 2-12 provides a conceptual diagram of how 
NMFS characterizes the past and future components of the environmental baseline for 
consultations on an ongoing action. 
 
 

 
Figure 2-12.  Conceptual diagram of how the environmental baseline changes in this NMFS Opinion.  The 
right side of the figure depicts the effects of the proposed action added on top of the baseline into the future 
(future baseline).  Note that the slopes of the curves are only for graphical representation. 
 
In this Opinion, we analyze the entire suite of operational effects, based on the project 
description and modeled studies.  With this approach, we capture as “effects of the action,” both 
the effects of operations that are proposed to continue in the future as they have in the past, and 
any new effects that result from proposed changes in operation.  We then add these effects to the 
future baseline, in which we have captured anticipated effects of non-project processes and 
activities.   
 
The analytical approach NMFS used is not different from that which USFWS used in its Delta 
smelt Opinion (USFWS 2008a).  There may be a perceived difference due to the presentation of 
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the material in the biological opinions.  In the Delta smelt Opinion, the USFWS provided a more 
thorough analysis of the past and present effects of ongoing CVP/SWP operations in its 
Environmental Baseline section (figure 2-13).  In the Effects of the Action section, the USFWS 
summarized the effects from ongoing CVP/SWP operations, then provided a detailed analysis of 
the effects resulting from the proposed changes in CVP/SWP operations.  In NMFS’ Opinion, 
NMFS summarizes in the Environmental Baseline section the past and present impacts leading to 
the current status of the species in the action area, including the effects of CVP/SWP operations 
in the past.  Also in the Environmental Baseline section, NMFS sets the stage for the analysis of 
effects of the action by describing the future non-project stressors to which the listed species and 
their critical habitats will be exposed.  In the Effects of the Action section of the Opinion, NMFS 
provides a detailed analysis of predicted effects of CVP/SWP operations between the time the 
biological opinion is issued and December 31, 2030.  This difference in presentation is of no 
consequence to the outcomes of the consultations, since both agencies made their ultimate 
determinations by (1) finding that proposed operations cause additional harm to listed species, 
and (2) aggregating all future stressors, as regulations and case law require. 
 
 

 
Figure 2-13.  USFWS’ Delta smelt Opinion baseline:  A conceptual model of the effects of the proposed action 
added on top of the baseline into the future (future baseline).  Note that the slopes of the curves are only for 
graphical representation. 
 
Both Services conduct a separate analysis to determine whether the “effects of the action” reduce 
either the likelihood of survival and recovery of the species, or the value of critical habitat for the 
conservation of the species, after the effects of the proposed action have been determined.  The 
Delta smelt opinion states:  
  

In accordance with the implementing regulations for section 7 and Service policy, the 
jeopardy determination is made in the following manner:  The effects of the proposed 
Federal action are evaluated in the context of the aggregate effects of all factors that 
have contributed to the delta smelt’s current status and, for non-Federal activities in the 
action area, those actions likely to affect the delta smelt in the future, to determine if 
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implementation of the proposed action is likely to cause an appreciable reduction in the 
likelihood of both the survival and recovery of the delta smelt in the wild (USFWS 2008a 
page 139). 
 

This is precisely the approach used in this Opinion. 
 
2.4  Evidence Available for the Analysis   
 
To conduct these analyses, NMFS considered many lines of evidence available through 
published and unpublished sources that represent evidence of adverse consequences or the 
absence of such consequences.  The following provides a list of resources that we considered in 
the development of our analyses: 

• Final rules listing the species in this consultation as threatened or endangered; 
• Final rules designating critical habitat for the Central Valley salmon and steelhead 

species and proposed critical habitat for Southern DPS of green sturgeon; 
• CVP/SWP operations BA (Reclamation 2008a); 
• Previously issued NMFS biological opinions; 
• Recommendations from the various reviews and peer review reports (see sections 1.5.5 

and 1.5.6, above); 
• NMFS-SWFSC reviews (e.g., ocean productivity, declarations, climate change); 
• Declarations pursuant to PCFFA et al. v. Gutierrez et al.; 
• NMFS’ draft recovery plans for winter-run and Central Valley salmon and steelhead 

species; 
• Various letters submitted to NMFS, including San Luis & Delta-Mendota Water 

Authority and State Water Contractors, Inc. (2008); 
• California Data Exchange Center (CDEC) data (http://cdec.water/ca/gov/; hereafter 

referred to as CDEC data);  
• U.S. Army Corps of Engineers (Corps) data;  
• CDFG’s Grand Tab database 
• Studies conducted within the Delta.  NMFS understands that the use of surrogates in the 

form of hatchery releases (e.g., late fall-run to determine spring-run behavior), different 
species (e.g., Chinook salmon to determine steelhead behavior; Atlantic or shovelnose 
sturgeon to determine effects of contaminant exposures on green sturgeon), and even the 
same run and species (e.g., hatchery fish and laboratory studies to determine wild/natural 
fish behavior) may not accurately predict or emulate the exact behavior of the species 
under analysis in its natural environment in order to determine exact fish routing, timing, 
duration of migration, and export pumping entrainment patterns.  However, when direct 
evidence or similar evaluations are not available for the species under analysis, NMFS 
has utilized data and results from the use of surrogates that exhibit strong similarities in 
physiological needs, in life history stages, and in general behaviors.  In the absence of 
data on salmonids and green sturgeon in the wild, NMFS considers these studies one of 
the best available sources of information used to determine the potential effects of 
CVP/SWP operations. 

• For purposes of incidental take where the origin of races of Chinook salmon or steelhead 
cannot be differentiated, uniquely-marked hatchery fish (surrogates) that are released at 
the same time, location, and size as the listed species may best represent the incidental 
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take of that listed species.  The use of surrogates for this purpose minimizes the amount 
and extent of take associated with tagging or capturing listed species to monitor take. 

 
The primary source of initial project-related information was the CVP/SWP operations BA 
produced for this consultation.  Included with the CVP/SWP operations BA was an extensive 
bibliography that served as a valuable resource for identifying key unpublished reports available 
from state and Federal agencies, as well as private consulting firms.  It also provided a robust set 
of key background papers and reports in the published literature on which to base further 
literature searches. 
 
We conducted electronic literature searches using several electronic databases available through 
NMFS’ Northwest Fisheries Science Center (NWFSC) and U.C. Davis.  NMFS’ biologists 
utilized, among others:  (1) the Aquatic Sciences and Fisheries Abstracts (ASFA), Fish & 
Fisheries Worldwide; (2) Oceanic Abstracts; (3) Waves, the Catalogue of the Libraries of 
Fisheries and Oceans, Canada; (4) the search engine for the journals published by the American 
Fisheries Society; and (5) Toxline.  When references were found that were deemed to be 
valuable, Scientific Citation Index was utilized to see what other articles had referenced that 
paper.  NMFS’ biologists used keyword searchs (e.g., salmon, salmonids, Chinook salmon, 
Central Valley, migrations, dams, copper toxicity, survival, thermal tolerance, predation, survival 
models, Sacramento River, Sacramento Delta, steelhead, green sturgeon, etc.) to find potential 
articles and literature.  Searches by author were utilized when an author was found to have 
published numerous articles and papers within a given area of interest.  In addition, physical 
searches of the extensive electronic holdings of agencies were conducted from their websites, 
such as Reclamation’s Central Valley Operations (CVO) website for the Tracy Fish Facility 
Reports. 
 
We examined the literature that was cited in documents and any articles we collected through our 
electronic searches.  If, based on a reading of the title or abstract of a reference, the reference 
appeared to comply with the keywords presented in the preceding paragraph, we acquired the 
reference.  If a reference’s title did not allow us to eliminate it as irrelevant to this inquiry, we 
acquired it.  We continued this process until we identified all (100 percent) of the relevant 
references cited by the introduction and discussion sections of the relevant papers, articles, 
books, and, reports and all of the references cited in the materials and methods, and results 
sections of those documents.  We did not conduct hand searches of published journals for this 
consultation. 
 
References were collected by individual biologists and shared as a group.  Most references were 
available as electronic copies.  However, many of the older reports, articles, or book chapters had 
to be scanned and converted into electronic copies when feasible. 
 
2.4.1  Other tools used in the analysis 
 
Reclamation and DWR utilized the following models in their analyses and development of the 
CVP/SWP operations BA.  Figure 2-14 provides a schematic of how each model relates to the 
others. 

• Statewide planning model of water supply, stream flow, and Delta export capability: 
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o CalSim-II:  Monthly time step, designed to evaluate the performance of the CVP and 
SWP systems for: existing and future levels of land development, potential future 
facilities, current or alternative operational policies and regulatory environments. 

o CalLite:  A rapid and interactive screening tool that simulates California’s water 
management system for planning purposes. 

• Sacramento-San Joaquin Delta hydrodynamics and particle tracking: 
o Delta Simulation Model Version 2 (DSM2):  15-minute time step, used to simulate 

the flow, velocity, and particle movement in the Delta. 
 

System 
CalSim-II 

Delta Hydrodynamics
DSM2 

Temperature 
Reclamation Temperature 
SRWQM 
Feather River Model 

Salmon 
Reclamation Mortality 
SALMOD 
IOS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-14.  Models used in the development of the CVP/SWP operations BA, and their information flow 
with respect to each other (CVP/SWP operations BA figure 9-1). 
 

• River temperature: 
o Reclamation Temperature:  Monthly time step, where the reservoir temperature 

models simulate monthly mean vertical temperature profiles and release temperatures 
for Trinity, Whiskeytown, Shasta, Folsom, New Melones, and Tullock Reservoirs 
based on hydrologic and climatic input data. 
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o Sacramento River Water Quality Model (SRWQM):  6-hour time step, with mean 
daily flow inputs, used to simulate daily temperatures on Clear Creek and the Upper 
Sacramento River. 

o Oroville Facilities Water Temperature Modeling:  1-hour time steps that include 
reservoir simulations of Oroville Reservoir, the Thermalito Diversion Pool, the 
Thermalito Forebay, and the Thermalito Afterbay, and a river model of the Feather 
River between the Thermalito Diversion Dam and the Sacramento River confluence. 

• Salmon mortality  
o Reclamation Salmon Mortality Model:  Daily time step which computes salmon 

spawning losses for the Trinity, Sacramento, American, and Stanislaus rivers based 
on the Reclamation Temperature Model estimates.  It is limited to temperature effects 
on early life stages of Chinook salmon, and does not evaluate potential direct or 
indirect temperature impacts on later life stages, such as emergent fry, smolts, 
juvenile out-migrants, or adults.  Also, it does not consider other factors that may 
affect salmon mortality, such as in-stream flows, gravel sedimentation, diversion 
structures, predation, ocean harvest, etc. 

o SALMOD:  Weekly time step simulates population dynamics for all four runs of 
Chinook salmon in the Sacramento River between Keswick Dam and Red Bluff 
Diversion Dam (RBDD). 

o Interactive Object-Oriented Salmon simulation (IOS) Winter-Run Life Cycle Model:  
Daily time step, used to evaluate the influence of different Central Valley water 
operations on the life cycle of winter-run using simulated historical flow and water 
temperature inputs. 

 
In addition, NMFS’ biologists utilized an interactive spreadsheet model developed by DWR to 
estimate interior Delta survival of emigrating salmonids from the Sacramento River.  This 
model, the Delta Survival Model (DSM2), utilized user inputs of export rate and Delta inflow to 
determine absolute and relative survival of salmonids moving throughout the Delta interior and 
remaining in the main stem Sacramento River as a proportion of the total salmonid population.  
Additonal inputs to the model were the fraction of particles entrained at the different channel 
bifurcations as modeled in the Particle Tracking Model (PTM) module of the DSM2 model, as 
well as the relative survival in the Delta interior and the export related interior mortality, which 
were calculated internally in the model.   
 
NMFS did not use the results of the IOS model for our analysis in this Opinion because the 
intended application of the model in the CVP/SWP operations BA was not useful for estimating, 
in an overall sense, how winter-run might respond to the proposed action.  For example, the 
CVP/SWP operations BA cautions the use of the IOS model results in making inferences related 
to how winter-run abundance is affected by the proposed action:  “In evaluating effects of the 
proposed actions, differences between the three studies rather than absolute trends should be 
examined” (Appendix O in CVP/SWP operations BA).  Thus, it seems that the IOS model 
results presented in the CVP/SWP operations BA are not intended to reflect either abundance 
estimates observed in the past or future abundance with implementation of the proposed Project.  
Estimates based on observations are much different than estimates based on modeling without 
observation input.  Results of the IOS model presented in the CVP/SWP operations BA show an 
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increasing trend in winter-run escapement throughout the entire simulation period (i.e., from 
1923 through 2002), such that by 2002, escapement is above 40,000 fish for all CALSIM II 
studies examined (figure 11-5 in CVP/SWP operations BA).  Those results contrast with 
observed winter-run escapement estimates, which show a dramatic population crash during this 
period (see Grandtab at http://www.delta.dfg.ca.gov/afrp/), eventually leading to their 
endangered status under the ESA.   
 
In the Opinion, NMFS must consider how winter-run is expected to respond to implementation 
of the proposed action.  Model results, such as the IOS model results presented in the CVP/SWP 
operations BA, that are not intended to at least generally approximate past or future conditions, 
do not inform us in this consideration.  If the IOS model results in the CVP/SWP operations BA 
are intended to be used strictly as an alternatives comparison tool, as the CVP/SWP operations 
BA indicates, instead of one that produces somewhat meaningful trend information for 
individual model runs, then the utility of those results for the Opinion is limited, particularly 
considering that a model alternative representing just baseline conditions does not exist.  The 
CALFED Peer Review Panel stated that, “The default should be comparing the CALSIM studies 
of future scenarios (with different scenarios for climate change) to baseline”(Anderson et al. 
2009).  The context of this statement was that comparisons among alternatives such as those used 
in the IOS model (e.g., CALSIM studies 6, 7, and 8) are inconsistent with the Opinion’s 
analytical approach.  As such, NMFS did not use the IOS model results presented in the 
CVP/SWP operations BA as evidence for analyzing how winter-run will be affected by the 
proposed action.   
 
Another consideration for not using the IOS model in the Opinion is that the model has not yet 
been published in peer reviewed scientific literature, and NMFS does not understand either the 
model’s limitations or its extent.  As described in Paine et al. (2000), mathematical models 
intended to help guide management of natural populations must be used wisely and with 
understanding of limitations.  One potential limitation associated with applying large scale 
models over the entire life cycle of a species, as is done in the IOS model, is whether enough 
data are available to reliably estimate model parameters.  Paine et al. (2000) state: “When the 
data are not available for the needed estimates of parameter values, there is a tendency to insert 
values based on opinion or expert testimony. This practice is dangerous. The idea that opinion 
and "expert testimony" might substitute for rigorous scientific methodology is anathema to a 
serious modeler and clearly represents a dangerous trend.”  With these considerations in mind, 
NMFS did not utilize the IOS model in this Opinion.   
 
2.4.2  Consideration of a Quantitative Life Cycle Approach to the Analysis 
 
One recommendation made by the CALFED Science Review Panel in its review of NMFS’ 
December 11, 2008, draft Opinion was to analyze the effects of the proposed action using 
common measures of survival.  Ideally, a life cycle approach, in which the effects on individual 
life stages on the life cycle could be estimated independent of the effects on other stages, would 
be implemented to assess the relative impacts on abundance.  Two potential methods for 
measuring salmon population levels include the spawner-to-recruit ratio (SRR), which is the 
ratio of the number of recruits returning to the spawning habitat divided by the number of 
spawners producing those recruits, and the adult-to-smolt ratio (ASR), which measures the 
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number of young fish exiting the freshwater system divided by the number of adult spawners that 
produced those young (Anderson et al. 2009).  Unlike the SRR, which encompasses the full life 
cycle, including both freshwater and marine environments, the ASR omits the ocean phase and, 
thus, would provide a more appropriate method for assessing the effects of freshwater 
environmental conditions and water operations. 
 
The benefits that this type of integrative analysis would provide towards understanding the 
relative importance of proposed action-related effects at various life stages on overall abundance 
are apparent.  However, completing such an analysis is not practicable at this time for several 
reasons.  For instance, one of the key components in the process would be the establishment of 
survival rates at various life stages under both natural conditions (i.e., “without project”) and 
those conditions observed with the project in place (i.e., “with project”).  This information is 
currently lacking for the Central Valley region of California, and is further discussed in section 5 
of this Opinion.  Considerable efforts have been made in an attempt to develop life stage specific 
survival rates in the Columbia River Basin with some level of success (Anderson 2002).  
However, given the major differences that exist between the Columbia River Basin and 
California’s Central Valley (e.g., flows, temperature, etc.), it would not be appropriate to apply 
any values derived for basins in that region toward this analysis in the Central Valley.  Instead, 
site-specific studies within the Central Valley would have to be conducted to establish suitable 
values. 
 
Information from MacFarlane et al.’s (2008a) acoustic tagging study represents some of the first 
data to be gathered on migration and survival patterns of juvenile salmonids in the Central 
Valley.  Early results indicate different survival patterns between the Central Valley and those 
observed in the Columbia River Basin.  However, these results are still considered preliminary, 
and the studies will need to continue for some time to provide a more reliable, long-term data 
series.  Still, these preliminary results underscore the need to develop information specific to the 
unique conditions of the Central Valley region for this type of life cycle analysis.  
 
An alternative approach recommended by the CALFED Science Review Panel for estimating an 
ASR for the Central Valley includes the use of computer models.  In particular, the IOS model 
(Cavallo et al. 2008) and the Oncorhynchus Bayesian Analysis (OBAN) model (Hendrix 2008) 
were referenced as potentially useful tools.  IOS is a detailed mechanistic model that describes 
the entire life cycle of both winter-run and spring-run in the Sacramento River, while the OBAN 
model is a Bayesian statistical model for winter-run in the Sacramento River.  Although the 
CALFED Science Review Panel identified these models as potentially viable options either in 
combination or independently, it acknowledged the necessary refinement and implementation of 
this type of model by NMFS for the Opinion may not have been practical because of time 
constraints and the need for additional modeling expertise.  Further development of mortality 
rates at different life stages specific to the Central Valley could be incorporated into the model to 
reduce the amount of assumptions currently required, and lead to more realistic and informative 
results.  However, as previously mentioned, this type of information will not be available in the 
near term.  Moreover, in order to sufficiently address the issue of fish routing through the Delta, 
identified as a critical component by the CALFED Science Review Panel, additional data 
collection and modeling over the long term (i.e., beyond the timeline allowed for the 
development of this Opinion) would be required.   
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As discussed above, this Opinion equates a listed species’ probability or risk of extinction with 
the likelihood of both the survival and recovery of the species, and uses “likelihood of viability” 
as a standard to bridge between the VSP framework (McElhany et al. 2000) and the jeopardy 
standard.  Assessing the viability of salmonid populations requires the consideration of other 
parameters in addition to population abundance, including productivity (i.e., population growth 
rate), spatial structure, and genetic and life-history diversity (McElhany et al. 2000).  All four 
VSP parameters are deemed important in evaluating a population’s ability to persist, especially 
when faced with catastrophic disturbances (Lindley et al. 2007).  Although the life cycle 
modeling approaches discussed above have the potential to provide information on all VSP 
parameters at some point in the future, it would require substantial data collection and model 
refinement.  Any present attempt to complete such an exercise would only address one of those 
parameters (i.e., abundance), and any results would include making many assumptions.  
Therefore, although a method for evaluating impacts during a specific life stage in terms of the 
overall loss in numbers of fish would be useful, there are other potential consequences resulting 
from project operations that need to be considered.  For example, are mortalities at different life 
stages, or the loss of historical habitats, likely to have effects on the other VSP parameters?  The 
analyses within this Opinion, in an attempt to encompass this broader range of effects, focused 
on determining whether or not appreciable reductions were expected from the proposed action, 
rather than trying to quantify the absolute magnitude of those reductions.      
 
2.4.3  Critical Assumptions in the Analysis 
 
To address the uncertainties identified above related to the proposed action and the analysis 
provided in the CVP/SWP operations BA, NMFS established a set of key assumptions we would 
need to make to bridge the existing data gaps in the CVP/SWP operations BA that are critical to 
our analysis of effects.  Table 2-3 provides the general assumptions that we made in filling those 
data gaps. 
 
2.5  Integrating the Effects 
 
The preceding discussions describe the various quantitative and qualitative models, decision 
frameworks, and ecological foundations for the analyses presented in this Opinion.  The purpose 
of these various methods and tools is to provide a transparent and repeatable mechanism for 
conducting analyses to determine whether the proposed action is not likely to jeopardize the 
continued existence of the listed species and not likely to result in the destruction or adverse 
modification of designated critical habitat. 
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Table 2-3.  General assumptions, and their bases, made in analyzing the effects of the proposed action. 
Assumption Basis 

We assume that the effects from the near 
term analysis (Study 7.1) will be in effect 
from the issuance of this Opinion through 
year 2019 (which Reclamation stated is 
the end of the near term, specifically, 
“Near term refers to the timeframe 
between now to 2030, a rough midpoint 
between the two years”).  Likewise, we 
assume that the effects from the full build-
out at 2030 analysis (Study 8.0) will be in 
effect from the end of the near term in 
2019 through year 2030. 

The CVP/SWP operations BA does not provide 
an incremental build-out schedule or analyses of 
incremental effects by year. 

A “soft” target of 1.9 million acre-feet 
(MAF) end of September carryover 
storage in Shasta Reservoir is met only 
when conditions allow.   

The project description does not explicitly 
propose an end of September carryover storage in 
Shasta Reservoir.  However, modeling Chapter 9 
of the CVP/SWP operations BA (p.9-41) assumes 
a 1.9 MAF end of September carryover storage 
target in Shasta Reservoir in non-critical years.   

The following are tools, in order of 
priority that we used to understand the 
proposed action. 
-- CVP/SWP operations BA Chapter 2 

(project description). 
-- CVP/SWP operations BA Chapter 9 

(Modeling and Assumptions)  
-- CDEC data:  ~10 years of actual data.  

When the project description is not 
explicit in fully describing 
Reclamation’s proposed action, CDEC 
data on recent past operations will be 
utilized as a tool to help us understand 
the proposed action.   

Chapter 2 (project description) has many gaps 
regarding the description of the proposed action.  

Central Valley Project Improvement Act 
(CVPIA) 3406 B(2) [hereafter referred to 
as “b(2)”] is assumed to be implemented 
as proposed in the project description. 

Although b(2) is proposed, there are no 
operational rules or certainties in order for us to 
determine that b(2) is reasonably certain to occur 
in a given location, timing, quantity, and duration.  

Use CDEC data for last ~10 years (or 
more to get critically dry years) as an 
approximation of water temperature  
impacts through 2030.  

In most cases, Reclamation and DWR have not 
proposed to meet specific water temperature 
targets or or operate the CVP/SWP different than 
they have in the past with respect to water 
temperature, so we use recent past data as an 
indicator of future water temperatures.   
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Many of the methods described above focus the analyses on particular aspects of the action or 
affected species.  Key to the overall assessment, however, is an integration of the effects of the 
proposed action with each other and with the baseline set of stressors to which the species and 
critical habitat are also exposed.  In addition, the final steps of the analysis require a 
consideration of the effects of the action within the context of the reference (or without action) 
condition of the species and critical habitat.  That is, following the hierarchical approaches 
outlined above, NMFS rolls up the effects of the action to determine if the action is not likely to 
appreciably reduce the likelihood of both the survival and recovery of the species and not likely 
to result in the destruction or adverse modification of critical habitat. 
 
Figure 2-15 is intended to capture the overall conceptual model of the analysis and illustrates the 
analytical steps within each “rung” of the hierarchical analysis.  We provide an example utilizing 
the approach for listed salmonids. 
 
2.6  Presentation of the Analysis in this Opinion 
 
Biological opinions are constructed around several basic sections that represent specific 
requirements placed on the analysis by the ESA and implementing regulations.  These sections 
contain different portions of the overall analytical approach described here.  This section is 
intended as a basic guide to the reader of the other sections of this Opinion and the analyses that 
can be found in each section.  Every step of the analytical approach described above will be 
presented in this Opinion in either detail or summary form. 
 
Description of the Proposed Action – This section contains a basic summary of the proposed 
Federal action and any interrelated and interdependent actions.  This description forms the basis 
of the first step in the analysis where we consider the various elements of the action and 
determine the stressors expected to result from those elements.  The nature, timing, duration, and 
location of those stressors define the action area and provide the basis for our exposure analyses. 
 
Status of the Species – This section provides the reference condition for the species and critical 
habitat at the listing and designation scale.  For example, NMFS evaluates the current viability of 
each salmonid ESU/DPS given its exposure to human activities and natural phenomena such as 
variations in climate and ocean conditions, throughout its geographic distribution.  These 
reference conditions form the basis for the determinations of whether the proposed action is not 
likely to jeopardize the species or result in the destruction or adverse modification of critical 
habitat.  Other key analyses presented in this section include critical information on the 
biological and ecological requirements of the species and critical habitat and the impacts to 
species and critical habitat from existing stressors.   
 
Environmental Baseline – This section provides the reference condition for the species and 
critical habitat within the action area.  By regulation, the baseline includes the impacts of past, 
present, and future actions (except the effects of the proposed action) on the species and critical 
habitat.  In this Opinion, some of this analysis is contained within the Status of the Species and 
Critical Habitat section due to the large size of the action area (which entirely or almost entirely 
encompasses the freshwater geographic ranges of the listed fish species).  This section also 
contains summaries of the impacts from stressors that will be ongoing in the same areas and 
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times as the effects of the proposed action (future baseline).  This information forms part of the 
foundation of our exposure, response, and risk analyses. 

 
 
Figure 2-15.  Conceptual diagram of the overall analytical approach utilized in this Opinion.  The individual 
level includes exposure, response, and risk to individuals of the species and a consideration of the life cycle 
and life history strategies.  Population level includes consideration of the response of and risk to the 
population given the risk posed to individuals of the population within the context of the “pyramid” of VSP 
parameters for the populations.  Strata/Diversity Group and Species levels include a consideration of the 
response of and risk to those levels given the risk posed to the population(s) within the larger context of the 
VSP “pyramid.” 
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Effects of the Proposed Action – This section details the results of the exposure, response, and 
risk analyses NMFS conducted for individuals of the listed species and elements, functions, and 
areas of critical habitat.  Given the organization of the proposed action, this section is organized 
around the various Divisions that comprise the CVP and SWP. 
 
Cumulative Effects – This section summarizes the impacts of future non-Federal actions 
reasonably certain to occur within the action area, as required by regulation.  Similar to the rest 
of the analysis, if cumulative effects are expected, NMFS determines the exposure, response, and 
risk posed to individuals of the species and features of critical habitat.  
 
Integration and Synthesis of Effects – In this section of the Opinion, NMFS presents the 
summary of the effects identified in the preceding sections and then details the consequences of 
the risks posed to individuals and features of critical habitat to the higher levels of organization.  
These are the response and risk analyses for the population, diversity group, species, and 
designated critical habitat.  The section is organized around the species and designated or 
proposed critical habitat and includes the summation of impacts across the proposed action 
Divisions, as appropriate, and follows the hierarchical organizations of the species and critical 
habitat summarized in figures 2-8 and 2-9, respectively, of this section. 
 
 
3.0   PROPOSED ACTION 
 
Reclamation and DWR propose to operate the CVP and SWP, respectively, to divert, store, and 
convey CVP and SWP (Project) water, consistent with applicable law and contractual 
obligations, until the year 2030.  The CVP and the SWP are two major inter-basin water storage 
and delivery systems that divert and re-divert water from the southern portion of the Sacramento-
San Joaquin Delta (Delta).  The CVP’s major storage facilities are Shasta, Trinity, Folsom and 
New Melones reservoirs.  The upstream reservoirs release water to provide water for the Delta, 
that can be exported, a portion through Jones pumping plant to store in the joint San Luis 
reservoir, or delivered down the Delta Mendota Canal.  The SWP owns Lake Oroville upstream 
and releases water for the Delta that can be exported at Harvey O. Banks Pumping Plant (Banks) 
for delivery through the California Aqueduct. 
 
The projects are permitted by the California State Water Resources Control Board (SWRCB) to 
store water during wet periods, divert water that is surplus to the Delta, and re-divert Project 
water that has been stored in upstream reservoirs. Both projects operate pursuant to water right 
permits and licenses issued by the SWRCB, authorizing the appropriation of water by diverting 
to storage or by directly diverting to use and re-diverting releases from storage later in the year. 
As conditions of the water right permits and licenses, the SWRCB requires the CVP and SWP to 
meet specific water quality, quantity, and operational criteria within the Delta. Reclamation and 
DWR closely coordinate the CVP and SWP operations, respectively, to meet these conditions. 
 
In addition to diverting, storing, and conveying water, Reclamation proposed several other 
actions that are included in this consultation.  These actions are:  (1) an intertie between the 
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California Aqueduct (CA) and the Delta-Mendota Canal (DMC); (2) Freeport Regional Water 
Project (FRWP); (3) the operation of permanent gates, which will replace the temporary barriers 
in the South Delta; (4) changes in the operation of RBDD; and (5) Alternative Intake Project for 
the Contra Costa Water District. 
 
3.1  Project Description 
 
Appendix 1 to this Opinion provides a detailed project description of the proposed action.  
Reclamation and NMFS staff engaged in e-mail exchanges throughout January 2009 to clarify 
various aspects of the project description, as follows: 

• January 15, 2009, for Contra Costa Water District:  “In addition to the existing 75-day 
no-fill period (March 15-May 31) and the concurrent no-diversion 30-day period, 
beginning in the February following the first operation of the Alternative Intake Project, 
CCWD shall not divert water to storage in Los Vaqueros Reservoir for 15 days from 
February 14 through February 28, provided that reservoir storage is at or above 90 TAF 
on February 1; if reservoir storage is at or above 80 TAF on February 1 but below 90 
TAF, CCWD shall not divert water to storage in Los Vaqueros Reservoir for 10 days 
from February 19 through February 28; if reservoir storage is at or above 70 TAF on Feb 
1, but below 80 TAF CCWD shall not divert water to storage in Los Vaqueros Reservoir 
for 5 days from February 24 through February 28.”; and 

• January 28, 2009:  Confirmation that the Sacramento River Reliability Project is no 
longer part of the project description. 

 
Appendix 1 to this Opinion reflects the above changes to the project description, has been 
coordinated with Reclamation and the USFWS, and is consistent with the project description in 
the USFWS’ December 15, 2008, biological opinion on the effects of CVP/SWP operations on 
Delta smelt.  Hereafter, all reference to the project description refers to Appendix 1 to this 
Opinion, unless otherwise specified. 
 
3.2  Interrelated or Interdependent Actions 
 
3.2.1  CVP and SWP Fish Hatcheries 
 
In the Central Valley, six hatcheries have been established to offset the loss of salmon and 
steelhead due to construction of dams.  Additionally, Trinity River Fish Hatchery mitigates for 
salmon and steelhead losses on the Trinity River.  The Mokelumne River Hatchery, although not 
directly related to CVP or SWP dams, does influence fall-run and steelhead populations.  Added 
together, Central Valley hatcheries annually produce approximately 250,000 winter-run, 5 
million spring-run, 29.76 million fall-run, and 1.5 million steelhead.  Currently, most Central 
Valley hatcheries truck their salmon production to the Bay-Delta region for release.  The 
exception to this is Coleman National Fish Hatchery, which began trucking a small portion of its 
fall-run production into San Pablo Bay beginning in 2008.  Section 1.5.2, above, describes ESA 
consultation on the CVP and SWP hatcheries.   Listed below are the production goals for 
Nimbus Fish Hatchery and TRFH.   
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3.2.1.1  Nimbus Fish Hatchery 
 
The Nimbus Fish Hatchery and the American River Trout Hatchery were constructed to mitigate 
for the loss of riverine habitat caused by the construction of CVP Nimbus and Folsom dams.  
The American River Trout Hatchery produces fish for stocking inland areas (i.e., above dams) 
and is, therefore, not considered in the production goals for the Central Valley.  Nimbus Fish 
Hatchery is located below Nimbus Dam and is operated by CDFG to meet annual production 
goals of 4 million fall-run smolts and 430,000 steelhead yearlings. 
 
3.2.1.2  Trinity River Fish Hatchery 
 
The Trinity River Fish Hatchery was constructed to provide CVP mitigation for the loss of 
upstream riverine habitat caused by the construction of the Trinity and Lewiston dams.  The 
hatchery, operated by CDFG, produces 1.4 million spring-run, 2.9 million fall-run, 500,000 coho 
salmon, and 800,000 steelhead annually. 
 
3.2  Action Area 
 
The action area is defined as all areas to be affected directly or indirectly by the Federal action 
and not merely the immediate area involved in the action (50 CFR 402.02).  For the purposes of 
this biological opinion, the action area encompasses:  (1) Sacramento River from Shasta Lake 
downstream to and including the Sacramento-San Joaquin Delta; (2) Clear Creek from 
Whiskeytown Reservoir to its confluence with the Sacramento River; (3) Feather River from 
Oroville Dam downstream to its confluence with the Sacramento River; (4) American River 
from Folsom Lake downstream to its confluence with the Sacramento River; (5) Stanislaus River 
from New Melones Reservoir to its confluence with the San Joaquin River; (6) San Joaquin 
River from the confluence with the Stanislaus River downstream to and including the 
Sacramento-San Joaquin Delta; (7) San Francisco Bay; and (8) the nearshore Pacific Ocean on 
the California, Oregon, and Washington coasts. 
 
 
4.0  STATUS OF THE SPECIES AND CRITICAL HABITAT 
 
The following Federally listed species and designated critical habitats occur in the action area 
and may be affected by CVP/SWP operations in this consultation: 

• Sacramento River winter-run Chinook salmon ESU (Oncorhynchus tshawytscha), 
endangered (June 28, 2005, 70 FR 37160); 

• Sacramento River winter-run Chinook salmon designated critical habitat (June 16, 1993, 
58 FR 33212); 

• CV spring-run Chinook salmon ESU (O. tshawytscha), threatened (June 28, 2005, 70 FR 
37160); 

• CV spring-run Chinook salmon designated critical habitat (September 2, 2005, 70 FR 
52488); 

• CV steelhead DPS (O. mykiss), threatened (January 5, 2006, 71 FR 834); 
• CV steelhead designated critical habitat (September 2, 2005, 70 FR 52488); 
• CCC steelhead DPS (O. mykiss), threatened (January 5, 2006, 71 FR 834); 
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• CCC steelhead designated critical habitat (September 2, 2005, 70 FR 52488); 
• Southern DPS of North American green sturgeon (Acipenser medirostris), threatened 

(April 7, 2006, 71 FR 17757); and  
• Southern DPS of North American green sturgeon proposed critical habitat (September 8, 

2008, 73 FR 52084); 
• Southern Resident killer whales (Orcinus orca), endangered (November 18, 2005,  

70 FR 69903). 
 
4.1  Species and Critical Habitat not likely to be Adversely Affected by the Proposed Action 
 
4.1.1  Central California Coast Steelhead  
 
The CCC steelhead DPS (O. mykiss) was listed as threatened on January 5, 2006 (71 FR 834), 
and includes all naturally spawned steelhead populations below natural and manmade impassable 
barriers in California streams from the Russian River (inclusive) to Aptos Creek (inclusive), and 
the drainages of San Francisco, San Pablo, and Suisun bays eastward to Chipps Island at the 
confluence of the Sacramento and San Joaquin Rivers.  Tributary streams to Suisun Marsh 
include Suisun Creek, Green Valley Creek, and an unnamed tributary to Cordelia Slough, 
excluding the Sacramento-San Joaquin River Basin, as well as two artificial propagation 
programs: the Don Clausen Fish Hatchery, and Kingfisher Flat Hatchery/Scott Creek (Monterey 
Bay Salmon and Trout Project) steelhead hatchery programs. 
 
CCC steelhead adults and smolts travel through the western portion of Suisun Marsh and Suisun 
Bay as they migrate between the ocean and these natal spawning streams.  CVP and SWP water 
export facilities in the Delta are approximately 40 miles to the southeast of Suisun Marsh.  CCC 
steelhead are unlikely to travel eastward towards the Delta pumping facilities, because their 
seaward migration takes them westward of their natal streams.  Similarly, DWR’s Suisun Marsh 
Salinity Control Gates (SMSCG) in Montezuma Slough are located to the east of these three 
Suisun Marsh steelhead streams and CCC steelhead are unlikely to travel 10-15 miles eastward 
through Montezuma Slough to the SMSCG.  Therefore, it is unlikely that CCC steelhead will 
encounter the SMSCG or the Delta pumping facilities during their upstream and downstream 
migrations, because their spawning streams are located in the western portion of Suisun Marsh. 
 
Operations at CVP and SWP Delta facilities, including the SMSCG, affect water quality and 
river flow volume in Suisun Bay and Marsh.  Delta water exports are expected to cause elevated 
levels of salinity in Suisun Bay due to reductions in the amount of freshwater inflow from the 
Sacramento and San Joaquin Rivers.  Reduced river flow volumes into Suisun Bay can also 
affect the transport of larval and juvenile fish.  CCC steelhead originating from Suisun Marsh 
tributary streams will be subject to these changes in salinity and river inflow volumes in Suisun 
Bay, but are not expected to be negatively affected by these conditions.  Estuarine areas, such as 
Suisun Bay, are transitional habitat between freshwater riverine environments and the ocean.  
Expected changes in Suisun Bay salinity levels due to CVP and SWP exports are within the 
range commonly encountered in estuaries by migrating steelhead.  River flow volumes may be 
reduced by water exports, but in an estuary, the tidal cycle of the ocean causes semidiurnal 
changes to salinity, velocity, temperature, and other conditions.  Steelhead generally move 
through estuaries rapidly (Quinn 2005) and CCC steelhead smolts in Suisun Bay are not 
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dependent on river flow to transport them to the ocean.  Thus, reductions in river flow volumes 
and changes in salinity in Suisun Bay due to CVP/SWP operations are not expected to negatively 
impact CCC steelhead estuarine residence or migration.  In consideration of the above and the 
distance separating CCC steelhead streams from the Delta pumping facilities and the SMSCG, 
the proposed action is not likely to adversely affect CCC steelhead. 
 
4.1.2  CCC Steelhead Designated Critical Habitat 
 
The CVP/SWP operations BA determined that CVP/SWP operations will not influence critical 
habitat for CCC steelhead because Suisun Bay is not a designated area.  CCC steelhead critical 
habitat includes San Francisco Bay and San Pablo Bay, but does not extend eastward into Suisun 
Bay (September 2, 2005, 70 FR 52488).  PCEs of designated critical habitat for CCC steelhead 
include water quality and quantity, foraging habitat, natural cover including large substrate and 
aquatic vegetation, and migratory corridors free of obstructions.  Due to the location of CCC 
steelhead critical habitat in San Pablo Bay and areas westward, NMFS concurs with 
Reclamation’s finding that the habitat effects of CVP/SWP operations in this area are 
insignificant and discountable.  Therefore, NMFS has concluded that CVP/SWP facilities and 
their operations are not likely to adversely affect essential physical or biological features 
associated with CCC steelhead critical habitat. 
 
4.2  Life Histories, Population Trends, Critical Habitat, and Factors Affecting the Status of 
the Species 
 
4.2.1  Chinook Salmon 
 
4.2.1.1  General Life History 
 
Chinook salmon exhibit two generalized freshwater life history types (Healey 1991).  Adult 
“stream-type” Chinook salmon enter freshwater months before spawning, and juveniles reside in 
freshwater for a year or more, whereas “ocean-type” Chinook salmon spawn soon after entering 
freshwater and migrate to the ocean as fry or parr within their first year.  Adequate instream 
flows and cool water temperatures are more critical for the survival of Chinook salmon 
exhibiting a stream-type life history due to over-summering by adults and/or juveniles. 
 
Chinook salmon typically mature between 2 and 6 years of age (Myers et al. 1998).  Freshwater 
entry and spawning timing generally are thought to be related to local water temperature and 
flow regimes.  Runs are designated on the basis of adult migration timing.  However, distinct 
runs also differ in the degree of maturation of the fish at the time of river entry, thermal regime, 
and flow characteristics of their spawning sites, and the actual time of spawning (Myers et al. 
1998).  Both winter-run and spring-run tend to enter freshwater as immature fish, migrate far 
upriver, and delay spawning for weeks or months.  Fall-run enter freshwater at an advanced stage 
of maturity, move rapidly to their spawning areas on the mainstem or lower tributaries of the 
rivers, and spawn within a few days or weeks of freshwater entry (Healey 1991). 
 
During their upstream migration, adult Chinook salmon require streamflows sufficient to provide 
olfactory and other orientation cues used to locate their natal streams.  Adequate streamflows are 
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necessary to allow adult passage to upstream holding habitat.  The preferred temperature range 
for upstream migration is 38ºF to 56ºF (Bell 1991, CDFG 1998).  Boles (1988) recommends 
water temperatures below 65oF for adult Chinook salmon migration, and Lindley et al. (2004) 
report that adult migration is blocked when temperatures reach 70oF, and that fish can become 
stressed as temperatures approach 70oF. 
 
Information on the migration rates of adult Chinook salmon in freshwater is scant and primarily 
comes from the Columbia River basin, where information regarding migration behavior is 
needed to assess the effects of dams on travel times and passage (Matter and Sanford 2003).  
Keefer et al. (2004) found migration rates of Chinook salmon ranging from approximately 10 
kilometers (km) per day to greater than 35 km per day and to be primarily correlated with date, 
and secondarily with discharge, year, and reach, in the Columbia River basin.  Matter and 
Sanford (2003) documented migration rates of adult Chinook salmon ranging from 29 to 32 km 
per day in the Snake River.  Adult Chinook salmon inserted with sonic tags and tracked 
throughout the Delta and lower Sacramento and San Joaquin rivers were observed exhibiting 
substantial upstream and downstream movement in a random fashion, for several days at a time, 
while migrating upstream (CALFED 2001a).  Adult salmonids migrating upstream are assumed 
to make greater use of pool and mid-channel habitat than channel margins (Stillwater Sciences 
2004), particularly larger salmon such as Chinook salmon, as described by Hughes (2004).  
Adults are thought to exhibit crepuscular behavior during their upstream migrations, meaning 
that they are primarily active during twilight hours.  Recent hydroacoustic monitoring conducted 
by LGL Environmental Research Associates (2006) showed peak upstream movement of adult 
spring-run in lower Mill Creek, a tributary to the Sacramento River, occurring in the 4-hour 
period before sunrise and again after sunset. 
 
Spawning Chinook salmon require clean, loose gravel in swift, relatively shallow riffles or along 
the margins of deeper runs, and suitable water temperatures, depths, and velocities for redd 
construction and adequate oxygenation of incubating eggs.  Chinook salmon spawning typically 
occurs in gravel beds that are located at the tails of holding pools (USFWS 1995).  The range of 
water depths and velocities in spawning beds that Chinook salmon find acceptable is very broad.  
The upper preferred water temperature for spawning Chinook salmon is 55oF to 57oF (Chambers 
1956, Smith 1973, Bjornn and Reiser 1991, and Snider 2001). 
 
Incubating eggs are vulnerable to adverse effects from floods, siltation, desiccation, disease, 
predation, poor gravel percolation, and poor water quality.  Studies of Chinook salmon egg 
survival to hatching conducted by Shelton (1995) indicated 87 percent of fry emerged 
successfully from large gravel with adequate subgravel flow.  The optimal water temperature for 
egg incubation ranges from 41oF to 56oF [44oF to 54oF (Rich 1997), 46oF to 56oF (NMFS 1997), 
and 41oF to 55.4oF (Moyle 2002)].  A significant reduction in egg viability occurs at water 
temperatures above 57.5oF and total embryo mortality can occur at temperatures above 62oF 
(NMFS 1997).  Alderdice and Velsen (1978) found that the upper and lower temperatures 
resulting in 50 percent pre-hatch mortality were 61oF and 37oF, respectively, when the 
incubation temperature was held constant.  As water temperatures increase, the rate of embryo 
malformations also increases, as well as the susceptibility to fungus and bacterial infestations.  
The length of development for Chinook salmon embryos is dependent on the ambient water 
temperature surrounding the egg pocket in the redd.  Colder water necessitates longer 
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development times as metabolic processes are slowed.  Within the appropriate water temperature 
range for embryo incubation, embryos hatch in 40 to 60 days, and the alevins (yolk-sac fry) 
remain in the gravel for an additional 4 to 6 weeks before emerging from the gravel. 
 
During the 4 to 6 week period when alevins remain in the gravel, they utilize their yolk-sac to 
nourish their bodies.  As their yolk-sac is depleted, fry begin to emerge from the gravel to begin 
exogenous feeding in their natal stream.  Fry typically range from 25 mm to 40 mm at this stage.  
Upon emergence, fry swim or are displaced downstream (Healey 1991).  The post-emergent fry 
disperse to the margins of their natal stream, seeking out shallow waters with slower currents, 
finer sediments, and bank cover such as overhanging and submerged vegetation, root wads, and 
fallen woody debris, and begin feeding on zooplankton, small insects, and other micro-
crustaceans.  Some fry may take up residence in their natal stream for several weeks to a year or 
more, while others are displaced downstream by the stream’s current.  Once started downstream, 
fry may continue downstream to the estuary and rear there, or may take up residence in river 
reaches farther downstream for a period of time ranging from weeks to a year (Healey 1991). 
 
Fry then seek nearshore habitats containing riparian vegetation and associated substrates 
important for providing aquatic and terrestrial invertebrates, predator avoidance, and slower 
velocities for resting (NMFS 1996a).  The benefits of shallow water habitats for salmonid rearing 
have been found to be more productive than the main river channels, supporting higher growth 
rates, partially due to higher prey consumption rates, as well as favorable environmental 
temperatures (Sommer et al. 2001).  
 
When juvenile Chinook salmon reach a length of 50 to 57 mm, they move into deeper water with 
higher current velocities, but still seek shelter and velocity refugia to minimize energy 
expenditures (Healey 1991).  Catches of juvenile salmon in the Sacramento River near West 
Sacramento exhibited larger-sized juveniles captured in the main channel and smaller-sized fry 
along the margins (USFWS 1997).  When the channel of the river is greater than 9 to 10 feet in 
depth, juvenile salmon tend to inhabit the surface waters (Healey 1982).  Migrational cues, such 
as increasing turbidity from runoff, increased flows, changes in day length, or intraspecific 
competition from other fish in their natal streams, may spur outmigration of juveniles from the 
upper Sacramento River basin when they have reached the appropriate stage of maturation 
(Kjelson et al. 1982, Brandes and McLain 2001). 
 
As fish begin their emigration, they are displaced by the river’s current downstream of their natal 
reaches.  Similar to adult movement, juvenile salmonid downstream movement is crepuscular.  
The daily migration of juveniles passing RBDD is highest in the 4-hour period prior to sunrise 
(Martin et al. 2001).  Juvenile Chinook salmon migration rates vary considerably presumably 
depending on the physiological stage of the juvenile and hydrologic conditions.  Kjelson et al. 
(1982) found Chinook salmon fry to travel as fast as 30 km per day in the Sacramento River, and 
Sommer et al. (2001) found travel rates ranging from approximately 0.5 miles up to more than 6 
miles per day in the Yolo Bypass.  As Chinook salmon begin the smoltification stage, they prefer 
to rear further downstream where ambient salinity is up to 1.5 to 2.5 parts per thousand (ppt, 
Healey 1980, Levy and Northcote 1981). 
 

 78 
 



Fry and parr may rear within riverine or estuarine habitats of the Sacramento River, the Delta, 
and their tributaries (Maslin et al. 1997, Snider 2001).  Within the Delta, juvenile Chinook 
salmon forage in shallow areas with protective cover, such as intertidal and subtidal mudflats, 
marshes, channels, and sloughs (McDonald 1960, Dunford 1975, Meyer 1979, Healey 1980).  
Cladocerans, copepods, amphipods, and larvae of diptera, as well as small arachnids and ants are 
common prey items (Kjelson et al. 1982, Sommer et al. 2001, MacFarlane and Norton 2002).  
Shallow water habitats are more productive than the main river channels, supporting higher 
growth rates, partially due to higher prey consumption rates, as well as favorable environmental 
temperatures (Sommer et al. 2001).  Optimal water temperatures for the growth of juvenile 
Chinook salmon in the Delta are between 54ºF to 57ºF (Brett 1952).  In Suisun and San Pablo 
bays, water temperatures reach 54ºF by February in a typical year.  Other portions of the Delta 
(i.e., South Delta and Central Delta) can reach 70ºF by February in a dry year.  However, cooler 
temperatures are usually the norm until after the spring runoff has ended. 
 
Within the estuarine habitat, juvenile Chinook salmon movements are dictated by the tidal 
cycles, following the rising tide into shallow water habitats from the deeper main channels, and 
returning to the main channels when the tide recedes (Levings 1982, Levy and Northcote 1982, 
Levings et al. 1986, Healey 1991).  As juvenile Chinook salmon increase in length, they tend to 
school in the surface waters of the main and secondary channels and sloughs, following the tides 
into shallow water habitats to feed (Allen and Hassler 1986).  In Suisun Marsh, Moyle et al. 
(1989) reported that Chinook salmon fry tend to remain close to the banks and vegetation, near 
protective cover, and in dead-end tidal channels.  Kjelson et al. (1982) reported that juvenile 
Chinook salmon demonstrated a diel migration pattern, orienting themselves to nearshore cover 
and structure during the day, but moving into more open, offshore waters at night.  The fish also 
distributed themselves vertically in relation to ambient light.  During the night, juveniles were 
distributed randomly in the water column, but would school up during the day into the upper 3 
meters of the water column.  Available data indicate that juvenile Chinook salmon use Suisun 
Marsh extensively both as a migratory pathway and rearing area as they move downstream to the 
Pacific Ocean.  Juvenile Chinook salmon were found to spend about 40 days migrating through 
the Delta to the mouth of San Francisco Bay and grew little in length or weight until they 
reached the Gulf of the Farallones (MacFarlane and Norton 2002).  Based on the mainly ocean-
type life history observed (i.e., fall-run), MacFarlane and Norton (2002) concluded that unlike 
other salmonid populations in the Pacific Northwest, Central Valley Chinook salmon show little 
estuarine dependence and may benefit from expedited ocean entry. 
 
4.2.1.2  Sacramento River Winter-Run Chinook Salmon 
 
The distribution of winter-run spawning and rearing historically is limited to the upper 
Sacramento River and its tributaries, where spring-fed streams provided cold water throughout 
the summer, allowing for spawning, egg incubation, and rearing during the mid-summer period 
(Slater 1963, Yoshiyama et al. 1998).  The headwaters of the McCloud, Pit, and Little 
Sacramento rivers, and Hat and Battle creeks, historically provided clean, loose gravel; cold, 
well-oxygenated water; and optimal stream flow in riffle habitats for spawning and incubation.  
These areas also provided the cold, productive waters necessary for egg and fry development and 
survival, and juvenile rearing over the summer.  The construction of Shasta Dam in 1943 
blocked access to all of these waters except Battle Creek, which has its own impediments to 
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upstream migration (i.e., the fish weir at the Coleman National Fish Hatchery and other small 
hydroelectric facilities situated upstream of the weir; Moyle et al. 1989; NMFS 1997, 1998a, 
1998b).  Approximately, 299 miles of tributary spawning habitat in the upper Sacramento River 
is now inaccessible to winter-run.  Yoshiyama et al. (2001) estimated that in 1938, the Upper 
Sacramento had a “potential spawning capacity” of 14,303 redds.  Most components of the 
winter-run life history (e.g., spawning, incubation, freshwater rearing) have been compromised 
by the habitat blockage in the upper Sacramento River.  
 
Winter-run exhibit characteristics of both stream- and ocean-type races (Healey 1991).  Adults 
enter freshwater in winter or early spring, and delay spawning until spring or early summer 
(stream-type).  However, juvenile winter-run migrate to sea after only 4 to 7 months of river life 
(ocean-type).  Adult winter-run enter San Francisco Bay from November through June (Hallock 
and Fisher 1985), enter the Sacramento River basin between December and July, the peak 
occurring in March (table 4-1; Yoshiyama et al. 1998, Moyle 2002), and migrate past the RBDD 
from mid-December through early August (NMFS 1997).  The majority of the run passes RBDD 
from January through May, with the peak passage occurring in mid-March (Hallock and Fisher 
1985).  The timing of migration may vary somewhat due to changes in river flows, dam 
operations, and water year type (Yoshiyama et al. 1998, Moyle 2002).  Spawning occurs 
primarily from mid-April to mid-August, with the peak activity occurring in May and June in the 
Sacramento River reach between Keswick Dam and RBDD (Vogel and Marine 1991).  The 
majority of winter-run spawners are 3 years old.   
 
Table 4-1.  The temporal occurrence of (a) adult and (b) juvenile winter-run in the Sacramento River.  
Darker shades indicate months of greatest relative abundance. 

 
Sources:  aYoshiyama et al. (1998); Moyle (2002); bMyers et al. (1998); Vogel and Marine (1991) ; cMartin 
et al. (2001); dSnider and Titus (2000); eUSFWS (2001, 2001a) 

 
Winter-run fry begin to emerge from the gravel in late June to early July and continue through 
October (Fisher 1994).  Emigration of juvenile winter-run past RBDD may begin as early as mid 
July, typically peaks in September, and can continue through March in dry years (Vogel and 
Marine 1991, NMFS 1997).  From 1995 to 1999, all winter-run outmigrating as fry passed 
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RBDD by October, and all outmigrating pre-smolts and smolts passed RBDD by March (Martin 
et al. 2001).  Juvenile winter-run occur in the Delta primarily from November through early 
May, based on data collected from trawls in the Sacramento River at West Sacramento [river 
mile (RM) 57; USFWS 2001, 2001a].  The timing of migration may vary somewhat due to 
changes in river flows, dam operations, and water year type.  Winter-run juveniles remain in the 
Delta until they reach a fork length of approximately 118 millimeters (mm) and are from 5 to 10 
months of age, and then begin emigrating to the ocean as early as November and continue 
through May (Fisher 1994, Myers et al. 1998).   
 
4.2.1.2.1  Range-Wide (ESU) Status and Trends 
 
Historical winter-run population estimates, which included males and females, were as high as 
over 230,000 adults in 1969, but declined to under 200 fish in the 1990s (Good et al. 2005, figure 
4-1).  A rapid decline occurred from 1969 to 1979 after completion of the RBDD (figure 4-1).  
Over the next 20 years, the population eventually reached a low point of only 186 adults in 1994.  
At that point, winter-run was at a high risk of extinction, as defined in the most recent guideline 
for recovery of Central Valley salmonids (Lindley et al. 2007).  If not for a very successful 
captive broodstock program, construction of a temperature control device (TCD) on Shasta Dam, 
having the RBDD gates up for much of the year, and restrictions in the ocean harvest, the 
population would have likely failed to exist in the wild.  In recent years, the carcass survey 
population estimates of winter-run included a high of 17,205 (table 4-2) in 2006, followed by a 
precipitous decline in 2007 that continued in 2008, when less than 3,000 adult fish returned to 
the upper Sacramento River.  The preliminary estimate of the winter-run in 2008 is 2,850 (CDFG 
2008).   
 
A conservation program at LSNFH located at the base of Keswick Dam annually supplements 
the in-river production by releasing on average 250,000 winter-run smolts into the upper 
Sacramento River.  The LSNFH operates under strict guidelines for propagation that includes 
genetic testing of each pair of adults and spawning less than 25 percent of the hatchery returns.  
This program and the captive broodstock program (phased out in 2007) were instrumental in 
stabilizing winter-run following very low returns in the 1990s. 
 
The status of winter-run is typical of most endangered species populations, that is, a sharp 
downward decline followed by years of low abundance (figure 4-1).   Since there is only one 
winter-run population, there are no other populations to act as a reserve should a catastrophic 
event happen in the mainstem Sacramento River.  Four highway bridges cross the upper 
Sacramento River spawning grounds.  One truck overturning could spill enough oil or 
contaminants to extirpate an entire year class.  The winter-run population is completely 
dependent on coldwater releases from Shasta Dam in order to sustain the remnant population.     
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Figure 4-1.  Estimated yearly adult natural production and in-river adult escapement of winter-run from 
1967 - 2007 based on RBDD ladder counts (Hanson 20082). 
 
The upper Sacramento River is the only spawning area used by winter-run, although occasional 
strays have been reported in Battle Creek and Clear Creek.  Since fish passage was improved in 
2001 at the ACID Dam, winter-run spawning has shifted upstream.  The majority of winter-run 
in recent years (i.e., > 50 percent since 2007) spawn in the area from Keswick Dam downstream 
to the ACID Dam (approximately 5 miles).  Keswick Dam re-regulates flows from Shasta Dam 
and mixes it with water diverted from the Trinity River through the Spring Creek tunnel.  When 
the gates are down at RBDD, or flashboards in at the ACID Dam, access to the upper 
Sacramento River basin, including tributaries, can only be achieved through the RBDD and 
ACID Dam fish ladders.  Both of these diversions’ fish ladders allow salmonids to pass 
upstream, but completely block green sturgeon. 
 
Table 4-2 provides data on the cohort replacement rate (CRR), which is similar to the SRR 
recommended by Anderson et al. (2009), that is, the ratio of the number of recruits returning to 
the spawning habitat divided by the number of spawners producing those recruits.  As discussed, 
above, the majority of winter-run spawners are 3 years old.  Therefore, NMFS calculated the 
CRR using the spawning population of a given year, divided by the spawning population 3 years 
prior. 
                                                 
2 Mohr (2008) stated that the source of the 1992–2007 production values from Hanson (2008) was 
Chinookprod_33108.xls rather than CDFG Grand Tab. 
3 Upper Sacramento River basin is considered the area upstream of RBDD for purposes of this Opinion. 
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Table 4-2.  Winter-run population estimates from RBDD counts (1986 to 2001) and carcass counts (2001 to 
2008), and corresponding cohort replacement rates for the years since 1986 (CDFG 2004a, CDFG 2007). 

Year Population 
Estimatea 

5-Year Moving 
Average of 
Population 
Estimate 

Cohort 
Replacement 

Rateb 

5-Year Moving 
Average of Cohort 
Replacement Rate 

NMFS-Calculated 
Juvenile 

Production 
Estimate (JPE)c 

1986 2,596 - - -  
1987 2,186 - - -  
1988 2,885 - - -  
1989 696 - 0.27 -  
1990 433 1,759 0.20 -  
1991 211 1,282 0.07 - 40,100 
1992 1,240 1,092 1.78 - 273,100 
1993 387 593 0.90 0.64 90,500 
1994 186 491 0.88 0.77 74,500 
1995 1,297 664 1.05 0.94 338,107 
1996 1,337 889 3.45 1.61 165,069 
1997 880 817 4.73 2.20 138,316 
1998 3,002 1,340 2.31 2.48 454,792 
1999 3,288 1,961 2.46 2.80 289,724 
2000 1,352 1,972 1.54 2.90 370,221 
2001 8,224 3,349 2.74 2.76 1,864,802 
2002 7,441 4,661 2.26 2.22 2,136,747 
2003 8,218 5,705 6.08 3.02 1,896,649 
2004 7,701 6,587 0.94 2.71 881,719 
2005 15,730 9,463 2.11 2.83 3,556,995 
2006 17,205 11,259 2.09 2.70 3,890,534 
2007 2,488 10,268 0.32 2.31 1,100,067 
2008 2,850d 9,195 0.18 1.13 1,152,043e 

median 2,488 1,961 1.54 2.31 370,221 
a Population estimates were based on RBDD counts until 2001.  Starting in 2001, population estimates were based on carcass 

surveys. 
b The majority of winter-run spawners are 3 years old.  Therefore, NMFS calculated the CRR using the spawning population of 

a given year, divided by the spawning population 3 years prior. 
c JPE estimates were derived from NMFS calculations utilizing RBDD winter-run counts through 2001, and carcass counts 

thereafter for deriving adult escapement numbers.  Only estimated to RBDD, does not include survival to the Delta. 
d CDFG (2008) 
e NMFS (2009b) preliminary estimate to Reclamation 

 
Two current methods are utilized to estimate juvenile production of winter-run:  the Juvenile 
Production Estimate (JPE) method, and the Juvenile Production Index (JPI) method (Gaines and 
Poytress 2004).  Gaines and Poytress (2004) estimated the juvenile population of winter-run 
exiting the upper Sacramento River at RBDD to be 3,707,916 juveniles per year using the JPI 
method between the years 1995 and 2003 (excluding 2000 and 2001).  Using the JPE method, 
Gaines and Poytress (2004) estimated an average of 3,857,036 juveniles exiting the upper 
Sacramento River at RBDD between the years of 1996 and 2003.  Averaging these two estimates 
yields an estimated population size of 3,782,476 juveniles during that timeframe. 
 

 83 
 



4.2.1.2.2  Current Viability of the Sacramento River Winter-Run Chinook Salmon ESU 
 
One prerequisite for predicting the effects of a proposed action on a species is understanding the 
likelihood of the species in question becoming viable, and whether the proposed action can be 
expected to reduce this likelihood.  The abundance of spawners is just one of several criteria that 
must be met for a population to be considered viable.  McElhany et al. (2000) acknowledged that 
a viable salmonid population at the ESU scale is not merely a quantitative number that needs to 
be attained.  Rather, for an ESU to persist, populations within the ESU must be able to spread 
risk and maximize future potential for adaptation.  ESU viability depends on the number of 
populations and subunits within the ESU, their individual status, their spatial arrangement with 
respect to each other and sources of catastrophic disturbance, and diversity of the populations 
and their habitats (Lindley et al. 2007).  Populations comprise diversity groups, which are 
intended to capture important components of habitat, life history or genetic diversity that 
contribute to the viability of the ESU (Hilborn et al. 2003 op. cit. Lindley et al. 2007, Bottom et 
al. 2005 op. cit. Lindley et al. 2007).  Lindley et al. (2007) suggest that at least two viable 
populations within each diversity group are required to ensure the viability of the diversity 
group, and hence, the ESU. 
 
In order to determine the current likelihood of winter-run becoming viable, we used the historical 
population structure of winter-run presented in Lindley et al. (2004) and the concept of VSP for 
evaluating populations described by McElhany et al. (2000).  While McElhany et al. (2000) 
introduced and described the concept of VSP, Lindley et al. (2007) applied the concept to the 
winter-run ESU.  Lindley et al. (2004) identified four historical populations within the winter-
run ESU, all independent populations, defined as those sufficiently large to be historically 
viable-in isolation and whose demographics and extinction risk were minimally influenced by 
immigrants from adjacent populations (McElhany et al. 2000).  All four independent 
populations, however, are extinct in their historical spawning ranges.  Three (Little Sacramento; 
Pit, Fall, Hat; and McCloud River) are blocked by the impassable Keswick and Shasta Dams 
(Lindley et al. 2004), and the Battle Creek independent population is no longer self-sustaining 
(Lindley et al. 2007). 
 
Although Lindley et al. (2007) did not provide numerical goals for each population of Pacific 
salmonid to be categorized at low risk for extinction, they did provide various quantitative 
criteria to evaluate the risk of extinction (table 4-3).  A population must meet all the low-risk 
thresholds to be considered viable.  The following provides the evaluation of the likelihood of 
winter-run becoming viable based on the VSP parameters of population size, population growth 
rate, spatial structure, and diversity.  These specific parameters are important to consider because 
they are predictors of extinction risk, and the parameters reflect general biological and ecological 
processes that are critical to the growth and survival of salmon (McElhany et al. 2000).  
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Table 4-3.  Criteria for assessing the level of risk of extinction for populations of Pacific salmonids 
(reproduced from Lindley et al. 2007). 

 
 
4.2.1.2.2.1  Population Size 
 
Information about population size provides an indication of the type of extinction risk that a 
population faces.  For instance, smaller populations are at a greater risk of extinction than large 
populations because the processes that affect populations operate differently in small populations 
than in large populations (McElhany et al. 2000).  One risk of low population sizes is 
depensation.  Depensation occurs when populations are reduced to very low densities and per 
capita growth rates decrease as a result of a variety of mechanisms [e.g., failure to find mates and 
therefore reduced probability of fertilization, failure to saturate predator populations (Liermann 
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and Hilborn 2001)].  As provided in table 4-2, the winter-run population, as represented by the 5-
year moving average for adult escapement, was following an increasing trend from the mid-
1990s until 2006.  In 2007, the winter-run population declined precipitously.  Low adult 
escapement was repeated in 2008.  Likewise, the 5-year moving average cohort replacement rate 
was relatively stable since the late 1990s, with each cohort approximately doubling in size.  
However, the cohort replacement rate of 6.08 in 2003 buffered the effect of the significant 
decline in the cohort replacement rate of 0.32 in 2007.  This is evident in the 5-year moving 
average cohort replacement rate ending in 2008, when the 6.08 cohort replacement rate in 2003 
is not factored in.  At the time of publication, Lindley et al. (2007) indicated that winter-run 
satisfies the low-risk criteria for population size, population decline, and catastrophe.  However, 
they also acknowledged that the previous precipitous decline to a few hundred spawners per year 
in the early 1990s would have qualified it as high risk at that time, and the 1976-77 drought 
would have qualified as a high-risk catastrophe.  In consideration of the almost 7-fold decrease in 
population in 2007, coupled with the dry water year type in 2007, followed by the critically dry 
water year type in 2008 (which could be qualified as a high-risk catastrophe) and likely a similar 
forecast for 2009, NMFS concludes that winter-run are at a high risk of extinction based on 
population size. 
 
4.2.1.2.2.2  Population Growth Rate 
 
The productivity of a population (i.e., production over the entire life cycle) can reflect conditions 
(e.g., environmental conditions) that influence the dynamics of a population and determine 
abundance.  In turn, the productivity of a population allows an understanding of the performance 
of a population across the landscape and habitats in which it exists and its response to those 
habitats (McElhany et al. 2000).  In general, declining productivity equates to declining 
population abundance.  McElhany et al. (2000) suggested a population’s natural productivity 
should be sufficient to maintain its abundance above the viable level (a stable or increasing 
population growth rate).  This guideline seems reasonable in the absence of numeric abundance 
targets. 
 
Winter-run have declined substantially from historic levels.  The one remaining population of 
winter-run on the mainstem Sacramento River is also the entire current ESU.  Although the 
population growth rate (indicated by the cohort replacement rate) increased since the late 1990s, 
it drastically decreased in 2007 and 2008, indicating that the population is not replacing itself, 
and is at a high risk of extinction in the foreseeable future. 
 
4.2.1.2.2.3  Spatial Structure 
 
In general, there is less information available on how spatial processes relate to salmonid 
viability than there is for the other VSP parameters (McElhany et al. 2000).  Understanding the 
spatial structure of a population is important because the population structure can affect 
evolutionary processes and, therefore, alter the ability of a population to adapt to spatial or 
temporal changes in the species’ environment (McElhany et al. 2000).  The spatial structure of 
winter-run resembles that of a panmictic population, where there are no subpopulations, and 
every mature male is equally likely to mate with every other mature female.   The four historical 
independent populations of winter-run have been reduced to one population, resulting in a 
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significant reduction in their spatial diversity.  An ESU comprised of one population is not viable 
because it is unlikely to be able to adapt to significant environmental changes.  A single 
catastrophe (e.g., volcanic eruption of Lassen Peak, prolonged drought which depletes the cold 
water pool at Lake Shasta, or some related failure to manage cold water storage, spill of toxic 
materials, or a disease outbreak) could extirpate the entire winter-run ESU if its effects persisted 
for 3 or more years.  The majority of winter-run return to spawn in 3 years, so a single 
catastrophe with effects that persist for at least 3 years would affect all of the winter-run cohorts.  
Therefore, NMFS concludes that winter-run are at a high risk of extinction based on spatial 
structure. 
 
4.2.1.2.2.4  Diversity 
 
Diversity, both genetic and behavioral, is critical to success in a changing environment.  
Salmonids express variation in a suite of traits, such as anadromy, morphology, fecundity, run 
timing, spawn timing, juvenile behavior, age at smolting, age at maturity, egg size, 
developmental rate, ocean distribution patterns, male and female spawning behavior, and 
physiology and molecular genetic characteristics.  The more diverse these traits (or the more 
these traits are not restricted), the more adaptable a population is, and the more likely that 
individuals, and therefore the species, would survive and reproduce in the face of environmental 
variation (McElhany et al. 2000).  However, when this diversity is reduced due to loss of entire 
life history strategies or to loss of habitat used by fish exhibiting variation in life history traits, 
the species is in all probability less able to survive and reproduce given environmental variation.   
 
The primary factor affecting the diversity of winter-run is the limited area of spawning habitat 
available on the mainstem Sacramento River downstream of Keswick Dam.  This specific and 
narrow spawning habitat limits the flexibility and variation in spawning locations for winter-run 
to tolerate environmental variation.  For example, a catastrophe on the mainstem Sacramento 
River could affect the entire population, and therefore, ESU.  However, with the majority of 
spawners being 3 years old, winter-run do reserve some genetic and behavioral variation in that 
in any given year, two cohorts are in the marine environment, and therefore, not exposed to the 
same environmental stressors as their freshwater cohorts. 
 
Although LSNFH is characterized as one of the best examples of a conservation hatchery 
operated to maximize genetic diversity and minimize domestication of the offspring produced in 
the hatchery, it still faces some of the same diversity issues as other hatcheries in reducing the 
diversity of the naturally-spawning population.  Therefore, Lindley et al. (2007) characterizes 
hatchery influence as a looming concern with regard to diversity.  Even with a small contribution 
of hatchery fish to the natural spawning population, hatchery contributions could compromise 
the long term viability and extinction risk of winter-run. 
 
NMFS concludes that the current diversity in this ESU is much reduced compared to historic 
levels, and that winter-run are at a high risk of extinction based on the diversity VSP parameter. 
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4.2.1.2.2.5  Summary of the Current Viability of the Sacramento River Winter-Run 
Chinook Salmon ESU 
 
An age-structured density-independent model of spawning escapement by Botsford and 
Brittnacker (1998 op. cit. Good et al. 2005) assessing the viability of winter-run found the 
species was certain to fall below the quasi-extinction threshold of 3 consecutive spawning runs 
with fewer than 50 females (Good et al. 2005).  Lindley and Mohr (2003) assessed the viability 
of the population using a Bayesian model based on spawning escapement that allowed for 
density dependence and a change in population growth rate in response to conservation 
measures.  This analysis found a biologically significant expected quasi-extinction probability of 
28 percent.  There is only one population, and it depends on cold-water releases from Shasta 
Dam, which could be vulnerable to a prolonged drought (Good et al. 2005).   
 
Recently, Lindley et al. (2007) determined that the winter-run population, which is confined to 
spawning below Keswick Dam, is at a moderate extinction risk according to population viability 
analysis (PVA), and at a low risk according to other criteria (i.e., population size, population 
decline, and the risk of wide ranging catastrophe).  However, concerns of genetic introgression 
with hatchery populations are increasing.  Hatchery-origin winter-run from LSNFH have made 
up more than 5 percent of the natural spawning run in recent years and in 2005, it exceeded 18 
percent of the natural run.  If this proportion of hatchery origin fish from the LSNFH exceeds 15 
percent in 2006-2007, Lindley et al. (2007) recommends reclassifying the winter-run population 
extinction risk as moderate, rather than low, based on the impacts of the hatchery fish over 
multiple generations of spawners.  In addition, data used for Lindley et al. (2007) did not include 
the significant decline in adult escapement numbers in 2007 and 2008, and thus, does not reflect 
the current status of the population size or the recent population decline.  Furthermore, the 
current drought conditions in the Central Valley were not incorporated into the analysis of the 
winter-run population status in Lindley et al. (2007) as a potential catastrophic event. 
 
Lindley et al. (2007) also states that the winter-run ESU fails the “representation and redundancy 
rule” because it has only one population, and that population spawns outside of the ecoregion in 
which it evolved.  In order to satisfy the “representation and redundancy rule,” at least two 
populations of winter-run would have to be re-established in the basalt- and porous-lava region 
of its origin.  An ESU represented by only one spawning population at moderate risk of 
extinction is at a high risk of extinction over an extended period of time (Lindley et al. 2007).  
Based on the above descriptions of the population viability parameters, NMFS believes that the 
winter-run ESU is currently not viable. 
 
4.2.1.2.3  Status of Sacramento River Winter-Run Chinook Salmon Critical Habitat 
 
4.2.1.2.3.1  Summary of Designated Critical Habitat 
 
The designated critical habitat for winter-run includes the Sacramento River from Keswick Dam 
(RM 302) to Chipps Island (RM 0) at the westward margin of the Delta; all waters from Chipps 
Island westward to Carquinez Bridge, including Honker Bay, Grizzly Bay, Suisun Bay, and 
Carquinez Strait; all waters of San Pablo Bay westward of the Carquinez Bridge; and all waters 
of San Francisco Estuary to the Golden Gate Bridge north of the San Francisco/Oakland Bay 
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Bridge (June 16, 1993, 58 FR 33212).  In the Sacramento River, critical habitat includes the river 
water column, river bottom, and adjacent riparian zone (limited to those areas above a 
streambank that provide cover and shade to the nearshore aquatic areas) used by fry and 
juveniles for rearing.  In the areas westward of Chipps Island, critical habitat includes the 
estuarine water column and essential foraging habitat and food resources used by winter-run as 
part of their juvenile emigration or adult spawning migration. 
 
In designating critical habitat, NMFS considers the following requirements of the species:  (1) 
space for individual and population growth, and for normal behavior; (2) food, water, air, light, 
minerals, or other nutritional or physiological requirements; (3) cover or shelter; (4) sites for 
breeding, reproduction, or rearing offspring; and, generally, (5) habitats that are protected from 
disturbance or are representative of the historic geographical and ecological distributions of a 
species [see 50 CFR 424.12(b)].  In addition to these factors, NMFS also focuses on the known 
physical and biological features (essential features) within the designated area that are essential 
to the conservation of the species and that may require special management considerations or 
protection.  These essential features may include, but are not limited to, spawning sites, food 
resources, water quality and quantity, and riparian vegetation. 
 
Within the range of winter-run, biological features of the designated critical habitat that are 
considered vital for winter-run include unimpeded adult upstream migration routes, spawning 
habitat, egg incubation and fry emergence areas, rearing areas for juveniles, and unimpeded 
downstream migration routes for juveniles. 
 
4.2.1.2.3.2  Factors Affecting Critical Habitat   
 
A wide range of activities may affect the essential habitat requirements of winter-run. 
Water quantity and quality have been altered by the continued operations of Reclamation’s CVP 
and DWR’s SWP.  In addition, small and large water diversions by private entities, such as the 
ACID and the GCID, withdraw incremental amounts of water directly from the Sacramento 
River, many of which are not screened, resulting in the direct loss of (mostly) juveniles to the 
diversions. 
 
Habitat quantity and quality have also been altered.  Keswick Dam precludes access to all of the 
historical spawning habitat for three independent populations of winter-run.  In addition, access 
for the Battle Creek independent population has been blocked by the Coleman National Fish 
Hatchery weir and various hydropower dams and diversions (Lindley et al. 2004).  Corps 
permitting activities that authorize dredging and other construction-related activities in the 
Sacramento River, Sacramento-San Joaquin Delta, and San Francisco Bay have modified aquatic 
habitat, including increasing sedimentation, simplifying streambank and riparian habitat, 
reducing connectivity to floodplain habitat, and modifying hydrology.  All of these activities 
result in changes to the value of the essential features of winter run critical habitat that are 
necessary for their conservation. 
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4.2.1.2.3.3  Current Condition of Critical Habitat at the ESU Scale 
 
The final rule designating critical habitat for winter-run (June 16, 1993, 58 FR 33212) identifies 
the following physical and biological features that are essential for the conservation of winter-
run:  (1) access from the Pacific Ocean to appropriate spawning areas in the upper Sacramento 
River, (2) the availability of clean gravel for spawning substrate, (3) adequate river flows for 
successful spawning, incubation of eggs, fry development and emergence, and downstream 
transport of juveniles, (4) water temperatures between 42.5 and 57.5oF for successful spawning, 
egg incubation, and fry development, (5) habitat areas and adequate prey that are not 
contaminated, (6) riparian habitat that provides for successful juvenile development and survival, 
and (7) access downstream so that juveniles can migrate from spawning grounds to San 
Francisco Bay and the Pacific Ocean. 
 
4.2.1.2.3.3.1  Access to Spawning Areas in the Upper Sacramento River 
 
Adult migration corridors should provide satisfactory water quality, water quantity, water 
temperature, water velocity, cover/shelter and safe passage conditions in order for adults to reach 
spawning areas.  Adult winter-run generally migrate in the winter and spring months to spawning 
areas.  During that time of year, the migration route is mostly free of obstructions.  However, 
during the annual May 15 through September 15 gates in position, RBDD reduces the value of 
the migratory corridor. 
 
4.2.1.2.3.3.2  The Availability of Clean Gravel for Spawning Substrate 
 
Spawning habitat for winter-run is restricted to the Sacramento River primarily between Keswick 
Dam and RBDD.  This reach was not historically utilized by winter-run for spawning.  Because 
Shasta and Keswick dams preclude spawning gravel recruitment, Reclamation injects spawning 
gravel into various areas of the upper Sacramento River.  With the supplemented gravel 
injections, the reach of the upper Sacramento River continues to support the current populations 
of winter-run. 
 
4.2.1.2.3.3.3  Adequate River Flows for Successful Spawning, Incubation of Eggs, Fry 
Development and Emergence, and Downstream Transport of Juveniles 
 
An April 5, 1960, Memorandum of Agreement (MOA) between Reclamation and the DFG 
originally established flow objectives in the Sacramento River for the protection and preservation 
of fish and wildlife resources.  In addition, Reclamation complies with the flow releases required 
in Water Rights Order (WRO) 90-05.  Table 5 of the project description provides the flow 
requirements in the 1960 MOA and WRO 90-05.  Flow releases for agriculture and other 
consumptive uses during the winter-run egg incubation, fry development, and emergence life 
history stages, rather than minimum flow requirements, drive operations of Shasta and Keswick 
dams. 
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4.2.1.2.3.3.4  Water Temperatures for Successful Spawning, Egg Incubation, and Fry 
Development 
 
Reclamation releases cold water from Shasta Reservoir to provide for adult winter-run migration, 
spawning, and egg incubation.  However, the extent winter-run habitat needs are met depends on 
Reclamation’s other operational commitments, including those to settlement contractors, water 
service contractors, D-1641 requirements, and projected end of September storage volume.  
Based on these commitments, and Reclamation’s modeled February and subsequent monthly 
forecasts, Reclamation determines how far downstream 56oF can be maintained and sustained 
throughout the winter-run spawning, egg incubation, and fry development stages.  Although 
WRO 90-05 and 91-1 require Reclamation to operate Keswick and Shasta dams, and the Spring 
Creek Powerplant, to meet a daily average water temperature of 56oF at RBDD, they also 
provide the exception that the water temperature compliance point (TCP) may be modified when 
the objective cannot be met at RBDD.  In every year since the SWRCB issued WRO 90-05 and 
91-1, operations plans have included modifying the RBDD compliance point to make best use of 
the coldwater resources based on the location of spawning Chinook salmon (CVP/SWP 
operations BA page 2-40).  Once a TCP has been identified and established, it generally does not 
change, and therefore, water temperatures are typically adequate for successful, egg incubation, 
and fry development for those redds constructed upstream of the TCP.  However, the annual 
change in TCP has degraded the conservation value of spawning habitat (based on water 
temperature).   
 
4.2.1.2.3.3.5  Habitat Areas and Adequate Prey that are not Contaminated 
 
Current water quality conditions are better than in previous decades, however legacy 
contaminants such as mercury (and methyl mercury), polychlorinated biphenyls (PCB), heavy 
metals, and persistent organochlorine pesticides continue to be found in watersheds throughout 
the Central Valley.  Although most of these contaminants are at low concentrations in the food 
chain, they continue to work their way into the base of the food web, particularly when 
sediments are disturbed and previously entombed compounds are released into the water column.  
Exposure to these contaminated food sources may create delayed sublethal effects that reduce 
fitness at a time when the animal is physiologically stressed, i.e., during smoltification or ocean 
entry. 
 
Contaminants are typically associated with areas of urban development or other anthropogenic 
activities (e.g., mercury contamination as a result of gold mining or processing).  Areas with low 
human impacts frequently have low contaminant burdens, and therefore lower levels of 
potentially harmful toxicants in the aquatic system. 
 
4.2.1.2.3.3.6  Riparian Habitat that Provides for Successful Juvenile Development and 
Survival  
 
The channelized, leveed, and riprapped river reaches and sloughs that are common in the 
Sacramento River system typically have low habitat complexity, low abundance of food 
organisms, and offer little protection from either fish or avian predators.  Juvenile life stages of 
salmonids are dependant on the function of this habitat for successful survival and recruitment. 
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Some complex, productive habitats with floodplains remain in the system [e.g., Sacramento 
River reaches with setback levees (i.e., primarily located upstream of the City of Colusa)] and 
flood bypasses (i.e., Yolo and Sutter bypasses).  Nevertheless, the current condition of riparian 
habitat for winter-run is degraded. 
 
4.2.1.2.3.3.7  Access Downstream so that Juveniles can Migrate from Spawning Grounds to 
San Francisco Bay and the Pacific Ocean  
 
Ideal freshwater migration corridors are free of migratory obstructions, with water quantity and 
quality conditions that enhance migratory movements.  They contain natural cover such as 
riparian canopy structure, submerged and overhanging large woody objects, aquatic vegetation, 
large rocks and boulders, side channels, and undercut banks which augment juvenile and adult 
mobility, survival, and food supply.  Migratory corridors are downstream of the spawning areas 
and include the mainstem of the Sacramento River.  These corridors allow the downstream 
emigration of outmigrant juveniles.  Migratory habitat condition is strongly affected by the 
presence of barriers, which can include dams (i.e., hydropower, flood control, and irrigation 
flashboard dams), unscreened or poorly screened diversions, degraded water quality, or 
behavioral impediments to migration.  For successful survival and recruitment of salmonids, 
freshwater migration corridors must function sufficiently to provide adequate passage.  
Currently, when the gates are in, RBDD reduces the value of the migratory corridor for 
downstream migration.  In addition, although predators of juvenile Chinook salmon are 
prominent throughout the Sacramento River and Delta, they concentrate around structures, and 
therefore, a higher concentration of striped bass, and especially Sacramento pikeminnow, 
congregate downstream of RBDD when the gates are in, resulting in increased mortality of 
juvenile Chinook salmon from predation.   
 
Unscreened diversions that entrain juvenile salmonids are prevalent throughout the mainstem 
Sacramento River.  Although actual entrainment rates are not known, the CVP/SWP operations 
BA provided calculations of estimated entrainment of salmonids through unscreened diversions 
along the Sacramento River.  According to the calculations, over 7,000 juvenile winter-run are 
lost to unscreened diversions annually. 
 
D-1641 provides for 45 days of discretionary gate closures of the DCC between November 1 and 
January 31, which leaves the DCC gates open half the time during those 3 months.  When the 
DCC gates are open during winter-run outmigration, a portion of the flow, and therefore, a 
portion of the outmigrating winter-run, is entrained through the DCC into the interior Delta, 
where their chances of survival and successful migration to San Francisco Bay and the Pacific 
Ocean are reduced. 
 
Based on the impediments caused by the RBDD, unscreened diversions, and the opening of the 
DCC gates during the winter-run outmigration period, the current condition of the freshwater 
migration corridor in the Sacramento River is much degraded. 
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4.2.1.2.3.3.8  Sacramento River Winter-Run Chinook Salmon Critical Habitat Summary 
 
Critical habitat for winter-run is composed of physical and biological features that are essential 
for the conservation of winter-run, including up and downstream access, and the availability of 
certain habitat conditions necessary to meet the biological requirements of the species.  
Currently, many of these physical and biological features are impaired, and provide limited 
conservation value.  For example, when the gates are in, RBDD reduces the value of the 
migratory corridor for upstream and downstream migration.  Unscreened diversions throughout 
the mainstem Sacramento River, and the DCC when the gates are open during winter-run 
outmigration, do not provide a safe migratory corridor to San Francisco Bay and the Pacific 
Ocean. 
 
In addition, the annual change in TCP has degraded the conservation value of spawning habitat 
(based on water temperature).  The current condition of riparian habitat for winter-run rearing is 
degraded by the channelized, leveed, and riprapped river reaches and sloughs that are common in 
the Sacramento River system.  However, some complex, productive habitats with floodplains 
remain in the system (e.g., Sacramento River reaches with setback levees (i.e., primarily located 
upstream of the City of Colusa) and flood bypasses (i.e., Yolo and Sutter bypasses).   
 
Based on the impediments caused by RBDD when the gates are in, unscreened diversions, 
annual changes to the TCP, the time when the DCC gates are open during the winter-run 
outmigration period, and the degraded condition of spawning habitat and riparian habitat, the 
current condition of winter-run critical habitat is degraded, and has low value for the 
conservation of the species.   
 
4.2.1.3  Central Valley Spring-Run Chinook Salmon 
 
Historically, spring-run occupied the upper and middle reaches (1,000 to 6,000 feet) of the San 
Joaquin, American, Yuba, Feather, Sacramento, McCloud and Pit rivers, with smaller 
populations in most tributaries with sufficient habitat for over-summering adults (Stone 1874, 
Rutter 1904, Clark 1929).   
 
Spring-run exhibit a stream-type life history.  Adults enter freshwater in the spring, hold over the 
summer, spawn in the fall, and the juveniles typically spend a year or more in freshwater before 
emigrating.  Adult spring-run leave the ocean to begin their upstream migration in late January 
and early February (CDFG 1998) and enter the Sacramento River between March and 
September, primarily in May and June (table 4-4; Yoshiyama et al. 1998, Moyle 2002).  Lindley 
et al. (2007) indicate that adult spring-run migrate from the Sacramento River into spawning 
tributaries primarily between mid April and mid June.  Typically, spring-run utilize mid- to high-
elevation streams that provide appropriate temperatures and sufficient flow, cover, and pool 
depth to allow over-summering while conserving energy and allowing their gonadal tissue to 
mature (Yoshiyama et al. 1998).  Reclamation reports that spring-run holding in upper watershed 
locations prefer water temperatures below 60oF, although salmon can tolerate temperatures up to 
65oF before they experience an increased susceptibility to disease.   
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Spring-run spawning occurs between September and October depending on water temperatures.  
Between 56 and 87 percent of adult spring-run that enter the Sacramento River basin to spawn 
are 3 years old (Calkins et al. 1940, Fisher 1994).   
 
Spring-run fry emerge from the gravel from November to March (Moyle 2002) and the 
emigration timing is highly variable, as they may migrate downstream as YOY or as juveniles or 
yearlings.  The modal size of fry migrants at approximately 40 mm between December and April 
in Mill, Butte, and Deer creeks reflects a prolonged emergence of fry from the gravel (Lindley et 
al. 2007).  Studies in Butte Creek (Ward et al. 2002, 2003; McReynolds et al. 2005) found the 
majority of spring-run migrants to be fry occurring primarily from December through February, 
and that these movements appeared to be influenced by flow.  Small numbers of spring-run 
remained in Butte Creek to rear and migrated as yearlings later in the year, typically the next fall.  
Juvenile emigration patterns in Mill and Deer creeks are very similar to patterns observed in 
Butte Creek, with the exception that Mill and Deer creek juveniles typically exhibit a later YOY 
migration and an earlier yearling migration (Lindley et al. 2007). 
 
Once juveniles emerge from the gravel, they seek areas of shallow water and low velocities 
while they finish absorbing the yolk sac and transition to exogenous feeding (Moyle 2002).  
Many also will disperse downstream during high-flow events.  As is the case in other salmonids, 
there is a shift in microhabitat use by juveniles to deeper, faster, water as they grow larger.  
Microhabitat use can be influenced by the presence of predators, which can force fish to select 
areas of heavy cover and suppress foraging in open areas (Moyle 2002).  The emigration period 
for spring-run extends from November to early May, with up to 69 percent of the YOY fish 
outmigrating through the lower Sacramento River and Delta during this period (CDFG 1998).  
Spring-run juveniles have been observed rearing in the lower reaches of non-natal tributaries and 
intermittent streams in the Sacramento Valley during the winter months (Maslin et al. 1997, 
Snider 2001).  Peak movement of juvenile (yearling) spring-run in the Sacramento River at 
Knights Landing occurs in December, and again in March and April for YOY juveniles.  
However, juveniles also are observed between November and the end of May (Snider and Titus 
2000).  Based on the available information, the emigration timing of spring-run appears highly 
variable (CDFG 1998).  Some fish may begin emigrating soon after emergence from the gravel, 
whereas others over summer and emigrate as yearlings with the onset of intense fall storms 
(CDFG 1998).   
 
4.2.1.3.1  Range-Wide (ESU) Status and Trends 
 
Historically, spring-run were the second most abundant salmon run in the Central Valley (CDFG 
1998).  The Central Valley drainage as a whole is estimated to have supported spring-run runs as 
large as 600,000 fish between the late 1880s and 1940s (CDFG 1998).  Before the construction 
of Friant Dam, nearly 50,000 adults were counted in the San Joaquin River alone (Fry 1961).  
Construction of other low elevation dams in the foothills of the Sierras on the American, 
Mokelumne, Stanislaus, Tuolumne, and Merced rivers extirpated spring-run from these 
watersheds.  Naturally-spawning populations of spring-run currently are restricted to accessible 
reaches of the upper Sacramento River, Antelope Creek, Battle Creek, Beegum Creek, Big Chico 
Creek, Butte Creek, Clear Creek, Deer Creek, Feather River, Mill Creek, and Yuba River (CDFG 
1998).  However, only Deer, Mill, and Butte creeks are considered to be independent spring-run 
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populations.  The other tributary populations are considered dependent populations, which rely 
on the three independent populations for continued existence at this time. 
 
Table 4-4.  The temporal occurrence of adult (a-c) and juvenile (d) Central Valley spring-run Chinook 
salmon in the Sacramento River.  Darker shades indicate months of greatest relative abundance.   Note: 
Yearling spring-run Chinook salmon rear in their natal streams through the first summer following their 
birth.  Downstream emigration generally occurs the following fall and winter.  YOY spring-run Chinook 
salmon emigrate during the first spring after they hatch. 

 
Sources:  aYoshiyama et al. (1998); bMoyle (2002); cMyers et al. (1998); dLindley et al. (2007); eCDFG (1998); 

fMcReynolds et al. (2005); Ward et al. (2002, 2003); gSnider and Titus (2000) 
 
On the Feather River, significant numbers of spring-run, as identified by run timing, return to the 
FRFH.  From 1986 to 2007, the average number of spring-run returning to the FRFH was 3,992, 
compared to an average of 12,888 spring-run returning to the entire Sacramento River Basin 
(table 4-5).  CWT information from these hatchery returns indicates substantial introgression has 
occurred between spring-run and fall-run populations within the Feather River system due to 
hatchery practices.  Because Chinook salmon have not always been temporally separated in the 
hatchery, spring-run and fall-run have been spawned together, thus compromising the genetic 
integrity of the spring-run and early fall-run stocks.  The number of naturally spawning spring-
run in the Feather River has been estimated only periodically since the 1960s, with estimates 
ranging from 2 fish in 1978 to 2,908 in 1964.  However, the genetic integrity of this population is 
questionable because of the significant temporal and spatial overlap between spawning 
populations of spring-run and fall-run (Good et al. 2005).  For the reasons discussed above, and 
the importance of genetic diversity as one of the VSP parameters, the Feather River spring-run 
population numbers are not included in the following discussion of ESU abundance. 
 

 95 
 



The spring-run ESU has displayed broad fluctuations in adult abundance, ranging from 1,403 in 
1993 to 25,890 in 1982 (table 4-5, figure 4-2).  Sacramento River tributary populations in Mill, 
Deer, and Butte creeks are probably the best trend indicators for the spring-run ESU as a whole 
because these streams contain the primary independent populations within the ESU.  Generally, 
these streams have shown a positive escapement trend since 1991.  Escapement numbers are 
dominated by Butte Creek returns, which have averaged over 7,000 fish since 1995.  During this 
same period, adult returns on Mill Creek have averaged 778 fish, and 1,463 fish on Deer Creek.  
Although recent trends are positive, annual abundance estimates display a high level of 
fluctuation, and the overall number of spring-run remains well below estimates of historic 
abundance.  In 2008, adult escapement of spring-run declined in several of the region’s 
watersheds.  Butte Creek had an estimated 6,000 adults return to the watershed, while more 
significant decreases occurred on Mill Creek (362 fish), Deer Creek (140 fish), and Antelope 
Creek (2 fish).  In contrast, Clear Creek had a modest increase in returning spring-run adults with 
an estimated 199 adults returning in 2008.  These fluctuations may be attributable to poor ocean 
conditions that existed when the returning 2008 adults entered the ocean as smolts (spring of 
2006) and led to poor ocean survival in the critical ocean entry phase of their life history.  
Additional factors that have limited adult spawning populations are in-river water quality 
conditions.  In 2002 and 2003, mean water temperatures in Butte Creek exceeded 21oC for 10 or 
more days in July (Williams 2006).  These persistent high water temperatures, coupled with high 
fish densities, precipitated an outbreak of columnaris disease (Flexibacter columnaris) and 
ichthyophthiriasis (Ichthyophthirius multifiis) in the adult spring-run over-summering in Butte 
Creek.  In 2002, this contributed to the pre-spawning mortality of approximately 20 to 30 percent 
of the adults.  In 2003, approximately 65 percent of the adults succumbed, resulting in a loss of 
an estimated 11,231 adult spring-run in Butte Creek.  
 
Recent actions by fishery management agencies have improved habitat conditions on Clear 
Creek for spring-run.  The Clear Creek population of spring-run appears to be increasing in 
abundance, albeit modestly.  Significant efforts have beeen made to enhance oversummering 
flows in the upper reaches below Whiskeytown Dam, maintain suitable water temperatures in 
those reaches, enhance spawning habitat through gravel augmentation, and prevent genetic 
introgression with fall-run which utilize the same watershed.  Concern exists over the timing of 
the RBDD gate closures and whether this action delays spring-run bound for Clear Creek to the 
extent that adults cannot access the watershed due to thermal barriers forming in the lower 
reaches of the creek near its confluence with the Sacramento River. 
 
The Butte, Deer, and Mill Creek populations of spring-run are in the Northern Sierra Nevada 
diversity group.  Lindley et al. (2007) indicated that spring-run populations in Butte and Deer 
Creeks had a low risk of extinction, according to their PVA model and the other population 
viability criteria (i.e., population size, population decline, catastrophic events, and hatchery 
influence).  The Mill Creek population of spring-run is at moderate extinction risk according to 
the PVA model, but appears to satisfy the other viability criteria for low-risk status.  However, 
the spring-run ESU fails to meet the “representation and redundancy rule,” since the Northern 
Sierra Nevada is the only diversity group in the spring-run ESU that contains demonstrably 
viable populations out of at least 3 diversity groups that historically contained them.  
Independent populations of spring-run only occur within the Northern Sierra Nevada diversity 
group.  The Northwestern California diversity group contains a few ephemeral populations of 
spring-run that are likely dependent on the Northern Sierra Nevada populations for their 
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continued existence.  The spring-run populations that historically occurred in the Basalt and 
Porous Lava, and Southern Sierra Nevada, diversity groups have been extirpated.  Over the long 
term, the three remaining independent populations are considered to be vulnerable to 
catastrophic events, such as volcanic eruptions from Mount Lassen or large forest fires due to the 
close proximity of their headwaters to each other.  Drought is also considered to pose a 
significant threat to the viability of the spring-run populations in the Deer, Mill, and Butte Creek 
watersheds due to their close proximity to each other.  One large event could eliminate all three 
populations. 
 
Table 4-5.  Central Valley spring-run Chinook salmon population estimates with corresponding cohort 
replacement rates (CRR) for years since 1986 (CDFG 2008). 

Year 

Sacramento 
River Basin 
Escapemen
t Run Sizea 

FRFH 
Populatio
n 

Tributary 
Population
s 

5-Year 
Moving 
Average 
of 
Tributary 
Populatio
n Estimate 

Trib 
CRRb,

c 

5-Year 
Moving 
Averag
e of 
Trib 
CRR 

5-Year 
Moving 
Average 
of Basin 
Populatio
n Estimate 

Basi
n 
CRR 

5-Year 
Moving 
Averag
e of 
Basin 
CRR 

1986 25,696 1,433 24,263      
1987 13,888 1,213 12,675      
1988 18,933 6,833 12,100      
1989 12,163 5,078 7,085  0.29   0.47 
1990 7,683 1,893 5,790 12,383 0.46  15,673 0.55 
1991 5,927 4,303 1,624 7,855 0.13  11,719 0.31 
1992 3,044 1,497 1,547 5,629 0.22  9,550 0.25 
1993 6,075 4,672 1,403 3,490 0.24 0.27 6,978 0.79 0.48
1994 6,187 3,641 2,546 2,582 1.57 0.52 5,783 1.04 0.59
1995 15,238 5,414 9,824 3,389 6.35 1.70 7,294 5.01 1.48
1996 9,082 6,381 2,701 3,604 1.93 2.06 7,925 1.49 1.72
1997 5,086 3,653 1,433 3,581 0.56 2.13 8,334 0.82 1.83
1998 31,471 6,746 24,725 8,246 2.52 2.58 13,413 2.07 2.09
1999 9,835 3,731 6,104 8,957 2.26 2.72 14,142 1.08 2.09
2000 9,234 3,657 5,577 8,108 3.89 2.23 12,942 1.82 1.46
2001 17,698 4,135 13,563 10,280 0.55 1.96 14,665 0.56 1.27
2002 17,409 4,189 13,220 12,638 2.17 2.28 17,129 1.77 1.46
2003 17,570 8,662 8,908 9,474 1.60 2.09 14,349 1.90 1.43
2004 13,986 4,212 9,774 10,208 0.72 1.78 15,179 0.79 1.37
2005 16,117 1,771 14,346 11,962 1.09 1.22 16,556 0.93 1.19
2006 10,652 1,952 8,700 10,990 0.98 1.31 15,147 0.61 1.20
2007 10,571 2,752 7,819 9,909 0.80 1.04 13,779 0.76 1.00

Media
n 

10,652 3,731 7,819 8,246 0.98 1.96 13,413 0.82 1.43

a NMFS included both the escapement numbers from the Feather River Fish Hatchery (FRFH) and the Sacramento 
River and its tributaries in this table.  Sacramento River Basin run size is the sum of the escapement numbers 
from the FRFH and the tributaries. 

b Abbreviations:  CRR = Cohort Replacement Rate, Trib = tributary 
c The majority of spring-run spawners are 3 years old.  Therefore, NMFS calculated the CRR using the spawning population of 

a given year, divided by the spawning population 3 years prior. 
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Annual Estimated Central Valley spring-run Chinook salmon Escapement
1969 to 2006
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Figure 4-2.  Annual estimated Central Valley spring-run Chinook salmon escapement population for the 
Sacramento River watershed for years 1969 through 2006 (PFMC 2002, 2004, CDFG 2004b, Yoshiyama 1998, 
GrandTab 2006). 
 
4.2.1.3.2  Current Viability of the Central Valley Spring-Run Chinook Salmon ESU 
 
The earlier analysis to determine the likelihood of winter-run becoming viable described the 
process that NMFS uses to apply the VSP concept in McElhany et al. (2000).  In order to 
determine the current likelihood of the spring-run ESU becoming viable, we used the historical 
population structure of spring-run presented in Lindley et al. (2007, figure 4-3) and the concept 
of VSP for evaluating populations described by McElhany et al. (2000).  While McElhany et al. 
(2000) introduced and described the concept of VSP, Lindley et al. (2007) applied the concept to 
the spring-run ESU.  Lindley et al. (2004) identified 26 historical populations within the spring-
run ESU; 19 were independent populations, and 7 were dependent populations.  Of the 19 
independent populations of spring-run that occurred historically, only three remain, in Deer, 
Mill, and Butte creeks.  Extant dependent populations occur in Battle, Antelope, Big Chico, 
Clear, Beegum, and Thomes creeks, as well as in the Yuba River, the Feather River below 
Oroville Dam, and in the mainstem Sacramento River below Keswick Dam.   
 
Table 4-3 provides various quantitative criteria to evaluate the risk of extinction.  The following 
provides the evaluation of the likelihood of the threatened spring-run ESU becoming viable 
based on the VSP parameters of population size, population growth rate, spatial structure, and 
diversity.   
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Figure 4-3.  CV spring-run Chinook salmon diversity groups (replicated from Lindley et al. 2007). 
 
4.2.1.3.2.1  Population Size 
 
As provided in table 4-5, spring-run declined drastically in the mid to late 1980s before 
stabilizing at very low levels in the early to mid 1990s.  Since the late 1990s, there does not 
appear to be a trend in basin-wide abundance, having fluctuated from approximately 25,000 fish 
in 1999 to slightly more than 10,000 fish in 2008.  Abundance is generally dominated by the 
Butte Creek population.  Other independent and dependent populations are smaller.  The cohort 
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replacement rate behaved similarly, falling below 1.0 in the 3 of the previous 4 years, in parallel 
with the reduced escapement numbers.  The 5-year moving average cohort replacement rate, 
however, has remained above 1.0 since 1995. 
 
4.2.1.3.2.2  Population Growth Rate 
 
Cohort replacement rates are indications of whether a cohort is replacing itself in the next 
generation.  As mentioned in the previous subsection, the cohort replacement rate since the late 
1990s has fluctuated, and does not appear to have a pattern.  Since the cohort replacement rate is 
a reflection of population growth rate, there does not appear to be an increasing or decreasing 
trend.  The 5-year moving average of population estimate indicated an increasing population 
trend since the mid 1990s until very recently (2006), at which point the population has decreased 
in two consecutive years. 
 
4.2.1.3.2.3  Spatial Structure 
 
Lindley et al. (2007) indicated that of the 19 independent populations of spring-run that occurred 
historically, only three (Butte, Mill, and Deer creeks) remain, and their current distribution 
makes the spring-run ESU vulnerable to catastrophic disturbance.  Butte, Mill, and Deer Creeks 
all occur in the same biogeographic region (diversity group), whereas historically, independent 
spring-run populations were distributed throughout the CV among at least three diversity groups 
(i.e., basalt and porous lava, northern Sierra Nevada, and southern Sierra Nevada).  In addition, 
dependent spring-run populations historically persisted in the Northwestern California diversity 
group (Lindley et al. 2004).  Currently, there are dependent populations of spring-run in the Big 
Chico, Antelope, Clear, Thomes, Battle, and Beegum creeks, and in the Sacramento, Feather, 
and Yuba rivers.  As mentioned earlier, the extant Feather River and mainstem Sacramento River 
populations probably do not represent historical entities (Lindley et al. 2007).   
 
4.2.1.3.2.4  Diversity 
 
Diversity, both genetic and behavioral, provides a species the opportunity to track 
environmental changes.  As a species’ abundance decreases, and spatial structure of the ESU is 
reduced, a species has less flexibility to track changes in the environment.  Spring-run have been 
entirely extirpated from the basalt and porous lava region and the southern Sierra Nevada 
region.  The only viable and independent populations (i.e., Mill, Deer, and Butte creeks) of 
spring-run are limited to the northern Sierra Nevada region, and a few ephemeral or dependent 
populations are found in the Northwestern California region.  A single catastrophe, for example, 
the eruption of Mount Lassen, a large wildland fire at the headwaters of Mill, Deer, and Butte 
creeks, or a drought, poses a significant threat to the extinction risk of the ESU that otherwise 
would not be there if the ESU’s spatial structure and diversity were greater.  As with winter-run, 
spring-run do reserve some genetic and behavioral variation in that in any given year, at least 
two cohorts are in the marine environment, and therefore, not exposed to the same 
environmental stressors as their freshwater cohorts. 
 
Although spring-run produced at the FRFH are part of the spring-run ESU (June 28, 2005, 70 FR 
37160), they compromise the genetic diversity of naturally-spawned spring-run.  More than 
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523,000 FRFH spring-run fry were planted at the base of Whiskeytown Dam during the 3-year 
period 1991−1993 (CDFG 1998 op. cit. CVP/SWP operations BA).  The fact that these hatchery 
fish behave more like fall-run (spawn later than spring-run in Deer, Mill, and Butte creeks), 
likely increases introgression of the spring- and fall- runs, and reduces diversity. 
 
4.2.1.3.2.5  Summary of the Current Viability of the Central Valley Spring-Run Chinook 
Salmon ESU 
 
Butte Creek and Deer Creek spring-run are at low risk of extinction, satisfying both the 
population viability analysis (PVA) and other viability criteria.  Mill Creek is at moderate 
extinction risk according to the PVA, but appear to satisfy the other viability criteria for low-risk 
status (Lindley et al. 2007).  Spring-run fail the representation and redundancy rule for ESU 
viability, as the current distribution of independent populations has been severely constricted to 
only one of their former geographic diversity groups.  Therefore, the spring-run ESU are at 
moderate risk of extinction in 100 years. 
 
4.2.1.3.3  Status of Central Valley Spring-Run Chinook Salmon Critical Habitat 
 
4.2.1.3.3.1  Summary of Designated Critical Habitat 
 
Critical habitat was designated for spring-run on September 2, 2005 (70 FR 52488), and includes 
stream reaches such as those of the Feather and Yuba Rivers, Big Chico, Butte, Deer, Mill, 
Battle, Antelope, and Clear creeks, the Sacramento River, as well as portions of the northern 
Delta.  Critical habitat includes the stream channels in the designated stream reaches and the 
lateral extent as defined by the ordinary high-water line.  In areas where the ordinary high-water 
line has not been defined, the lateral extent will be defined by the bankfull elevation (defined as 
the level at which water begins to leave the channel and move into the floodplain; it is reached at 
a discharge that generally has a recurrence interval of 1 to 2 years on the annual flood series; 
Bain and Stevenson 1999; September 2, 2005, 70 FR 52488). 
 
In designating critical habitat, NMFS considers the following requirements of the species:  (1) 
space for individual and population growth, and for normal behavior; (2) food, water, air, light, 
minerals, or other nutritional or physiological requirements; (3) cover or shelter; (4) sites for 
breeding, reproduction, or rearing offspring; and, generally, (5) habitats that are protected from 
disturbance or are representative of the historic geographical and ecological distributions of a 
species [see 50 CFR 424.12(b)].  In addition to these factors, NMFS also focuses on the known 
physical and biological features (essential features) within the designated area that are essential 
to the conservation of the species and that may require special management considerations or 
protection.  These essential features may include, but are not limited to, spawning sites, food 
resources, water quality and quantity, and riparian vegetation. 
 
Critical habitat for spring-run is defined as specific areas that contain the PCEs and physical 
habitat elements essential to the conservation of the species.  Within the range of the spring-run 
ESU, biological features of the designated critical habitat that are considered vital for spring-run 
include freshwater spawning sites, freshwater rearing sites, freshwater migration corridors, 
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estuarine areas, and nearshore marine areas.  The following describe the current conditions of the 
freshwater PCEs for spring-run. 
 
4.2.1.3.3.2  Spawning Habitat 
 
Freshwater spawning sites are those with water quantity and quality conditions and substrate 
supporting spawning, incubation, and larval development.  Spring-run spawn in the mainstem 
Sacramento River between RBDD and Keswick Dam (however, little spawning activity has been 
recorded in recent years) and in tributaries such as Mill, Deer, and Butte creeks.  Operations of 
Shasta and Keswick Dams on the mainstem Sacramento River that are focused primarily to 
ensure an adequate quantity and quality of water for successful adult winter-run migration, 
holding, spawning, and incubation may at the same time be limiting the amount of cold water 
needed to ensure successful incubation of any spring-run eggs spawned on the mainstem 
Sacramento River. 
 
4.2.1.3.3.3  Freshwater Rearing Habitat 
 
Freshwater rearing sites are those with water quantity and floodplain connectivity to form and 
maintain physical habitat conditions and support juvenile growth and mobility; water quality and 
forage supporting juvenile development; and natural cover such as shade, submerged and 
overhanging large woody material, log jams and beaver dams, aquatic vegetation, large rocks 
and boulders, side channels, and undercut banks.  Both spawning areas and migratory corridors 
comprise rearing habitat for juveniles, which feed and grow before and during their 
outmigration.  Non-natal, intermittent tributaries also may be used for juvenile rearing.  Rearing 
habitat condition is strongly affected by habitat complexity, food supply, and the presence of 
predators of juvenile salmonids.  The channelized, leveed, and riprapped river reaches and 
sloughs that are common in the Sacramento River system are much degraded, and typically have 
low habitat complexity, low abundance of food organisms, and offer little protection from either 
fish or avian predators.  However, some complex, productive habitats with floodplains remain in 
the system [e.g., Sacramento River reaches with setback levees (i.e., primarily located upstream 
of the City of Colusa)] and flood bypasses (i.e., Yolo and Sutter bypasses).  Juvenile life stages 
of salmonids are dependant on the function of this habitat for successful survival and 
recruitment. 
 
4.2.1.3.3.4  Freshwater Migration Corridors 
 
Ideal freshwater migration corridors are free of migratory obstructions, with water quantity and 
quality conditions that enhance migratory movements.  They contain natural cover such as 
riparian canopy structure, submerged and overhanging large woody objects, aquatic vegetation, 
large rocks and boulders, side channels, and undercut banks which augment juvenile and adult 
mobility, survival, and food supply.  Migratory corridors are downstream of the spawning areas 
and include the lower reaches of the spawning tributaries, the mainstem of the Sacramento River 
and the Delta.  These corridors allow the upstream passage of adults, and the downstream 
emigration of outmigrant juveniles.  Migratory habitat condition is strongly affected by the 
presence of barriers, which can include dams (i.e., hydropower, flood control, and irrigation 
flashboard dams), unscreened or poorly screened diversions, degraded water quality, or 
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behavioral impediments to migration.  For successful survival and recruitment of salmonids, 
freshwater migration corridors must function sufficiently to provide adequate passage.  The 
RBDD creates an upstream migratory barrier during its May 15 through September 15 “gates in” 
configuration.  Approximately 10 percent of the spring-run spawn upstream of RBDD.  Of those, 
approximately 72 percent of them attempt to migrate past RBDD during the gates in period 
[Tehama-Colusa Canal Authority (TCCA) and Reclamation 2002].  Less than 1 percent of 
spring-run juveniles are potentially impacted by passing under the dam during their downstream 
migration (TCCA and Reclamation 2002).  Juvenile spring-run that try to migrate past RBDD in 
its gates down position are subjected to disorientation.  In addition, although predators of 
juvenile spring-run are prominent throughout the Sacramento River and Delta, they concentrate 
around structures, and therefore, a higher concentration of striped bass, and especially 
Sacramento pikeminnow, reside downstream of RBDD and prey on outmigrating juvenile 
salmonids.   
 
Significant amounts of flow and many juvenile spring-run enter the DCC (when the gates are 
open) and Georgiana Slough, especially during increased Delta pumping.  Mortality of juvenile 
salmon entering the central Delta is higher than for those continuing downstream in the 
Sacramento River.  This difference in mortality could be caused by a combination of factors:  the 
longer migration route through the central Delta to the western Delta, exposure to higher water 
temperatures, higher predation rates, exposure to seasonal agricultural diversions, water quality 
impairments due to agricultural and municipal discharges, and a more complex channel 
configuration making it more difficult for salmon to successfully migrate to the western Delta 
and the ocean.  In addition, the State and Federal pumps and associated fish facilities increase 
mortality of juvenile spring-run through various means, including entrainment into the State and 
Federal canals, handling, trucking, and release.   
 
The current condition of freshwater migration corridors in the Sacramento River is much 
degraded. 
 
4.2.1.3.3.5  Estuarine Areas 
 
Ideal estuarine areas are free of migratory obstructions with water quality, water quantity, and 
salinity conditions supporting juvenile and adult physiological transitions between fresh and salt 
water.  Natural cover such as submerged and overhanging large woody material, aquatic 
vegetation, and side channels, are necessary for juvenile and adult foraging.  Current estuarine 
areas are degraded as a result of the operations of the CVP and SWP.  Spring-run smolts are 
drawn to the central and south Delta as they outmigrate, and are subjected to the indirect (e.g., 
predation, contaminants) and direct (e.g., salvage, loss) effects of the Delta and both the Federal 
and State fish facilities.  
 
The current condition of the estuarine habitat in the project area has been substantially degraded 
from historic conditions.  Over 90 percent of the fringing fresh, brackish, and salt marshes have 
been lost to human actions.  This loss of the fringing marshes reduces the availability of forage 
species and eliminates the cycling of nutrients from the marsh vegetation into the water column 
of the adjoining waterways.  The channels of the Delta have been modified by the raising of 
levees and armoring of the levee banks with stone riprap.  This reduces habitat complexity by 
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reducing the incorporation of woody debris and vegetative material into the nearshore area, 
minimizing and reducing local variations in water depth and velocities, and simplifying the 
community structure of the nearshore environment.  Delta hydraulics has been modified as a 
result of CVP and SWP actions.  Within the central and southern Delta, net water movement is 
towards the pumping facilities, altering the migratory cues for emigrating fish in these regions.  
Operations of upstream reservoir releases and diversion of water from the southern Delta have 
been manipulated to maintain a “static” salinity profile in the western Delta near Chipps Island 
(the X2 location).  This area of salinity transition, the low salinity zone (LSZ), is an area of high 
productivity.  Historically, this zone fluctuated in its location in relation to the outflow of water 
from the Delta and moved westwards with high Delta inflow (i.e., floods and spring runoff) and 
eastwards with reduced summer and fall flows.  This variability in the salinity transition zone has 
been substantially reduced by the operations of the projects.  The project’s long-term water 
diversions also have contributed to reductions in the phytoplankton and zooplankton populations 
in the Delta itself as well as alterations in nutrient cycling within the Delta ecosystem.  Heavy 
urbanization and industrial actions have lowered water quality and introduced persistent 
contaminants to the sediments surrounding points of discharge (i.e., refineries in Suisun and San 
Pablo bays, creosote factories in Stockton, etc.) 
 
4.2.1.3.3.6  Central Valley Spring-Run Chinook Salmon Critical Habitat Summary 
 
The current condition of spring-run critical habitat is degraded, and does not provide the 
conservation value necessary for the recovery of the species.  Spring-run critical habitat has 
suffered similar types of degradation as winter-run critical habitat. 
 
4.2.2  Steelhead  
 
4.2.2.1  General Life History 
 
Steelhead can be divided into two life history types, summer-run steelhead and winter-run 
steelhead, based on their state of sexual maturity at the time of river entry and the duration of 
their spawning migration, stream-maturing and ocean-maturing.  Only winter steelhead are 
currently found in Central Valley rivers and streams (McEwan and Jackson 1996), although there 
are indications that summer steelhead were present in the Sacramento river system prior to the 
commencement of large-scale dam construction in the 1940s [Interagency Ecological Program 
(IEP) Steelhead Project Work Team 1999].  At present, summer steelhead are found only in 
northern California coast drainages, mostly in tributaries of the Eel, Klamath, and Trinity River 
systems (McEwan and Jackson 1996).  
 
4.2.2.2  Central Valley Steelhead 
 
CV steelhead generally leave the ocean from August through April (Busby et al. 1996), and 
spawn from December through April, with peaks from January though March, in small streams 
and tributaries where cool, well oxygenated water is available year-round (table 4-6; Hallock et 
al. 1961, McEwan and Jackson 1996).  Timing of upstream migration is correlated with higher 
flow events, such as freshets or sand bar breaches at river mouths, and associated lower water 
temperatures.  Unlike Pacific salmon, steelhead are iteroparous, or capable of spawning more 
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than once before death (Barnhart 1986, Busby et al. 1996).  However, it is rare for steelhead to 
spawn more than twice before dying; most that do so are females (Busby et al. 1996).  Iteroparity 
is more common among southern steelhead populations than northern populations (Busby et al. 
1996).  Although one-time spawners are the great majority, Shapovalov and Taft (1954) reported 
that repeat spawners are relatively numerous (17.2 percent) in California streams.   
 
Table 4-6.  The temporal occurrence of (a) adult and (b) juvenile Central Valley steelhead in the Central 
Valley.  Darker shades indicate months of greatest relative abundance.  

 
Sources:  aHallock et al. (1961); bMcEwan (2001); cUSFWS (unpublished data); dCDFG (1995); eHallock et al. 
(1957); fBailey (1954); gCDFG Steelhead Report Card Data; hCDFG (unpublished data); iSnider and Titus 
(2000); jNobriga and Cadrett (2003); kJones & Stokes Associates, Inc. (2002); lS.P. Cramer and Associates, Inc. 
(2000, 2001); mSchaffter (1980, 1997) 

 
Spawning occurs during winter and spring months.  The length of time it takes for eggs to hatch 
depends mostly on water temperature.  Hatching of steelhead eggs in hatcheries takes about 30 
days at 51°F.  Fry emerge from the gravel usually about 4 to 6 weeks after hatching, but factors 
such as redd depth, gravel size, siltation, and temperature can affect emergence timing 
(Shapovalov and Taft 1954).  Newly emerged fry move to the shallow, protected areas associated 
with the stream margin (McEwan and Jackson 1996) and they soon move to other areas of the 
stream and establish feeding locations, which they defend (Shapovalov and Taft 1954). 
 
Steelhead rearing during the summer takes place primarily in higher velocity areas in pools, 
although YOY also are abundant in glides and riffles.  Productive steelhead habitat is 
characterized by complexity, primarily in the form of large and small woody debris.  Cover is an 
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important habitat component for juvenile steelhead both as velocity refugia and as a means of 
avoiding predation (Meehan and Bjornn 1991).   
 
Juvenile steelhead emigrate episodically from natal streams during fall, winter, and spring high 
flows.  Emigrating CV steelhead use the lower reaches of the Sacramento River and the Delta for 
rearing and as a migration corridor to the ocean.  Juvenile CV steelhead feed mostly on drifting 
aquatic organisms and terrestrial insects and will also take active bottom invertebrates (Moyle 
2002). 
 
Some juvenile steelhead may utilize tidal marsh areas, non-tidal freshwater marshes, and other 
shallow water areas in the Delta as rearing areas for short periods prior to their final emigration 
to the sea.  Hallock et al. (1961) found that juvenile steelhead in the Sacramento River basin 
migrate downstream during most months of the year, but the peak period of emigration occurred 
in the spring, with a much smaller peak in the fall.  Nobriga and Cadrett (2003) also have 
verified these temporal findings based on analysis of captures at Chipps Island, Suisun Bay. 
 
4.2.2.2.1  Range-Wide (DPS) Status and Trends 
 
Over the past 30 years, the naturally-spawned steelhead populations in the upper Sacramento 
River have declined substantially (figure 4-4).  Hallock et al. (1961) estimated an average of 
20,540 adult steelhead through the 1960s in the Sacramento River, upstream of the Feather 
River.  Steelhead counts at the RBDD declined from an average of approximately 8,000 for the 
period of 1967 to 1977, to an average of approximately 2,000 through the early 1990s, with an 
estimated total annual run size for the entire Sacramento-San Joaquin system, based on RBDD 
counts, to be no more than 10,000 adults (McEwan and Jackson 1996, McEwan 2001).  
Steelhead escapement surveys at RBDD ended in 1993 due to changes in dam operations. 
 
Nobriga and Cadrett (2003) compared CWT and untagged (wild) steelhead smolt catch ratios at 
Chipps Island trawl from 1998 through 2001 to estimate that about 100,000 to 300,000 steelhead 
juveniles are produced naturally each year in the Central Valley.  Good et al. (2005) made the 
following conclusion based on the Chipps Island data: 
 

"If we make the fairly generous assumptions (in the sense of generating large estimates of 
spawners) that average fecundity is 5,000 eggs per female, 1 percent of eggs survive to 
reach Chipps Island, and 181,000 smolts are produced (the 1998-2000 average), about 
3,628 female steelhead spawn naturally in the entire Central Valley.  This can be 
compared with McEwan's (2001) estimate of 1 million to 2 million spawners before 
1850, and 40,000 spawners in the 1960s." 
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Estimated Natural Central Valley Steelhead Run Size on the Upper Sacramento River
1967 to 1993
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Figure 4-4.  Estimated natural Central Valley steelhead escapement in the upper Sacramento River based on 
RBDD counts.  Note:  Steelhead escapement surveys at RBDD ended in 1993 (from McEwan and Jackson 
1996). 
 
Existing wild steelhead stocks in the Central Valley are mostly confined to the upper Sacramento 
River and its tributaries, including Antelope, Deer, and Mill creeks and the Yuba River.  
Populations may exist in Big Chico and Butte creeks and a few wild steelhead are produced in 
the American and Feather Rivers (McEwan and Jackson 1996).  Snorkel surveys from 1999 to 
2002 indicate that steelhead are present in Clear Creek (Newton 2002 op. cit. Good et al. 2005).  
Because of the large resident O. mykiss population in Clear Creek, steelhead spawner abundance 
has not been estimated. 
 
Recent monitoring has detected small, self-sustaining populations (i.e., non-hatchery origin) of 
steelhead in the Stanislaus, Mokelumne, and Calaveras rivers, and other streams previously 
thought to be devoid of steelhead (McEwan 2001).  On the Stanislaus River, steelhead smolts 
have been captured in rotary screw traps at Caswell State Park and Oakdale each year since 1995 
(S.P. Cramer and Associates Inc. 2000, 2001).  Zimmerman et al. (2008) documented CV 
steelhead in the Stanislaus, Tuolumne and Merced rivers based on otilith microchemistry. 
 
It is possible that naturally-spawning populations exist in many other streams but are undetected 
due to lack of monitoring programs (IEP Steelhead Project Work Team 1999).  Incidental 
catches and observations of juvenile steelhead also have occurred on the Tuolumne and Merced 
Rivers during fall-run monitoring activities, indicating that steelhead are widespread throughout 
accessible streams and rivers in the Central Valley (Good et al. 2005).  CDFG staff have 
prepared catch summaries for juvenile migrant CV steelhead on the San Joaquin River near 
Mossdale, which represents migrants from the Stanislaus, Tuolumne, and Merced rivers.  Based 
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on trawl recoveries at Mossdale between 1988 and 2002, as well as rotary screw trap efforts in 
all three tributaries, CDFG (2003) stated that it is “clear from this data that rainbow trout do 
occur in all the tributaries as migrants and that the vast majority of them occur on the Stanislaus 
River” (figure 4-5).  The documented returns on the order of single fish in these tributaries 
suggest that existing populations of CV steelhead on the Tuolumne, Merced, and lower San 
Joaquin rivers are severely depressed.   
 

Annual Steelhead Smolt Catch from the Mossdale Trawl
1988 through 2008
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Figure 4-5.  Annual number of Central Valley steelhead smolts caught while Kodiak trawling at the Mossdale 
monitoring location on the San Joaquin River (Marston 2004, SJRGA 2007, Speegle 2008). 
 
4.2.2.2.2  Current Viability of the Central Valley Steelhead DPS 
 
The earlier analysis to determine the likelihood of winter-run becoming viable described the 
process that NMFS uses to apply the VSP concept in McElhany et al. (2000).  In order to 
determine the current likelihood of the CV steelhead DPS becoming viable, we used the 
historical population structure of CV steelhead presented in Lindley et al. (2006, 2007; figure 4-
6) and the concept of VSP for evaluating populations described by McElhany et al. (2000).  
While McElhany et al. (2000) introduced and described the concept of VSP, Lindley et al. 
(2007) applied the concept to the CV steelhead DPS.     
 
Table 4-3 provides various quantitative criteria to evaluate the risk of extinction.  The following 
provides the evaluation of the likelihood of the threatened CV steelhead DPS becoming viable 
based on the VSP parameters of population size, population growth rate, spatial structure, and 
diversity. 
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4.2.2.2.2.1  Population Size 
 
As provided above and in figure 4-4, estimated natural CV steelhead escapement in the upper 
Sacramento River has declined substantially from 1967 through 1993.  There is still a nearly 
complete lack of steelhead monitoring in the Central Valley (Good et al. 2005), and therefore, 
data are lacking regarding a definitive population size for CV steelhead.  However, the little data 
that exist indicate that the CV steelhead population continues to decline (Good et al. 2005). 
  
4.2.2.2.2.2  Population Growth Rate 
 
CV steelhead has shown a pattern of a negative growth rate since the late 1960s (figure 4-4).  
Good et al. (2005) provided no indication that this trend has changed since the last CV steelhead 
population census in 1993. 
 
4.2.2.2.2.3  Spatial Structure 
 
Lindley et al. (2006) identified 81 historical and independent populations within the CV 
steelhead DPS.  These populations form 8 clusters, or diversity groups, based on the similarity of 
the habitats they occupied for spawning and rearing.  About 80 percent of the habitat that was 
historically available to CV steelhead is now behind impassable dams, and 38 percent of the 
populations have lost all of their habitats.  Although much of the habitat has been blocked by 
impassable dams, or degraded, small populations of CV steelhead are still found throughout 
habitat available in the Sacramento River and many of the tributaries, and some of the tributaries 
to the San Joaquin River. 
 
4.2.2.2.2.4  Diversity 
 
Diversity, both genetic and behavioral, provides a species the opportunity to track environmental 
changes.  CV steelhead naturally experience the most diverse life history strategies of the listed 
Central Valley anadromous salmonid species.  In addition to being iteroparous, they reside in 
freshwater for 2-4 years before emigrating to the ocean.  However, as the species’ abundance 
decreases, and spatial structure of the DPS is reduced, it has less flexibility to track changes in 
the environment.  CV steelhead abundance and growth rate continue to decline, largely the result 
of a significant reduction in the diversity of habitats available to CV steelhead (Lindley et al. 
2006).  The genetic diversity of CV steelhead is also compromised by hatchery-origin fish, 
which likely comprise the majority of the natural spawning run, placing the natural populations 
at high risk of extinction (Lindley et al. 2007).  Consistent with the life history strategy of 
winter-run and spring-run, some genetic and behavioral variation is conserved in that in any 
given year, there are additional cohorts in the marine environment, and therefore, not exposed to 
the same environmental stressors as their freshwater cohorts. 
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Figure 4-6.  CV steelhead4 diversity groups (replicated from Lindley et al. 2007). 
 
 

                                                 
4 Note that the Suisun Bay Tribs identified in the figure (in pink) belong in the CCC steelhead DPS (see section 

4.1.1). 
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4.2.2.2.2.5  Summary of the Current Viability of the CV Steelhead DPS 
 
Lindley et al. (2007) indicated that prior population census estimates completed in the 1990s 
found the CV steelhead spawning population above RBDD had a fairly strong negative 
population growth rate and small population size.  Good et al. (2005) indicated the decline was 
continuing as evidenced by new information (Chipps Island trawl data).  CV steelhead 
populations generally show a continuing decline, an overall low abundance, and fluctuating 
return rates.  The future of CV steelhead is uncertain due to limited data concerning their status.  
However, Lindley et al. (2007) concluded that there is sufficient evidence to suggest that the 
DPS is at moderate to high risk of extinction. 
 
4.2.2.2.3  Status of CV Steelhead Critical Habitat 
 
4.2.2.2.3.1  Summary of Designated Critical Habitat 
 
Critical habitat was designated for CV steelhead on September 2, 2005 (70 FR 52488).  Critical 
habitat for CV steelhead includes stream reaches such as those of the Sacramento, Feather, and 
Yuba Rivers, and Deer, Mill, Battle, and Antelope creeks in the Sacramento River basin; the 
lower San Joaquin River to the confluence with the Merced River, including its tributaries, and 
the waterways of the Delta.  Critical habitat includes the stream channels in the designated 
stream reaches and the lateral extent as defined by the ordinary high-water line.  In areas where 
the ordinary high-water line has not been defined, the lateral extent will be defined by the 
bankfull elevation (defined as the level at which water begins to leave the channel and move into 
the floodplain; it is reached at a discharge that generally has a recurrence interval of 1 to 2 years 
on the annual flood series; Bain and Stevenson 1999; September 2, 2005, 70 FR 52488).  Critical 
habitat for CV steelhead is defined as specific areas that contain the PCE and physical habitat 
elements essential to the conservation of the species.  Following are the inland habitat types used 
as PCEs for CV steelhead. 
 
4.2.2.2.3.2  Spawning Habitat 
 
Freshwater spawning sites are those with water quantity and quality conditions and substrate 
supporting spawning, incubation, and larval development.  Most spawning habitat in the Central 
Valley for steelhead is located in areas directly downstream of dams containing suitable 
environmental conditions for spawning and incubation.  Spawning habitat for CV steelhead is 
similar in nature to the requirements of Chinook salmon, primarily occurring in reaches directly 
below dams (i.e., above RBDD, but below Keswick Dam, on the Sacramento River) on perennial 
watersheds throughout the Central Valley.  These reaches can be subjected to variations in flows 
and temperatures, particularly over the summer months, which can have negative effects upon 
salmonids spawning below them. 
 
4.2.2.2.3.3  Freshwater Rearing Habitat 
 
Freshwater rearing sites are those with water quantity and floodplain connectivity to form and 
maintain physical habitat conditions and support juvenile growth and mobility; water quality and 
forage supporting juvenile development; and natural cover such as shade, submerged and 
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overhanging large woody material, log jams and beaver dams, aquatic vegetation, large rocks 
and boulders, side channels, and undercut banks.  Both spawning areas and migratory corridors 
comprise rearing habitat for juveniles, which feed and grow before and during their 
outmigration.  Non-natal, intermittent tributaries also may be used for juvenile rearing.  Rearing 
habitat condition is strongly affected by habitat complexity, food supply, and the presence of 
predators of juvenile salmonids.  Some complex, productive habitats with floodplains remain in 
the system [e.g., the lower Cosumnes River, Sacramento River reaches with setback levees (i.e., 
primarily located upstream of the City of Colusa)] and flood bypasses (i.e., Yolo and Sutter 
bypasses).  However, the channelized, leveed, and riprapped river reaches and sloughs that are 
common in the Sacramento-San Joaquin system typically have low habitat complexity, low 
abundance of food organisms, and offer little protection from either fish or avian predators.  
Juvenile life stages of salmonids are dependant on the function of this habitat for successful 
survival and recruitment.  Steelhead are more susceptible to the negative effects of degraded 
rearing habitat, as they rear in freshwater longer than winter-run and spring-run. 
 
4.2.2.2.3.4  Freshwater Migration Corridors 
 
Ideal freshwater migration corridors are free of migratory obstructions, with water quantity and 
quality conditions that enhance migratory movements.  They contain natural cover such as 
riparian canopy structure, submerged and overhanging large woody objects, aquatic vegetation, 
large rocks and boulders, side channels, and undercut banks which augment juvenile and adult 
mobility, survival, and food supply.  Migratory corridors are downstream of the spawning areas 
and include the lower mainstems of the Sacramento and San Joaquin rivers and the Delta.  These 
corridors allow the upstream passage of adults, and the downstream emigration of outmigrant 
juveniles.  Migratory habitat condition is strongly affected by the presence of barriers, which can 
include dams (i.e., hydropower, flood control, and irrigation flashboard dams), unscreened or 
poorly screened diversions, degraded water quality, or behavioral impediments to migration.  For 
successful survival and recruitment of salmonids, freshwater migration corridors must function 
sufficiently to provide adequate passage.  Currently, RBDD gates are down from May 15 
through September 15, and impede the upstream and downstream migration of a portion of each 
adult and juvenile cohort.  Juvenile CV steelhead that try to migrate past RBDD when its gates 
are down are subjected to disorientation.  In addition, although predators of juvenile CV 
steelhead are prominent throughout the Sacramento River and Delta, they concentrate around 
structures, and therefore, a higher concentration of striped bass, and especially Sacramento 
pikeminnow, reside downstream of RBDD and prey on outmigrating juvenile salmonids.   
 
Juvenile CV steelhead that outmigrate from the San Joaquin River tributaries are exposed to 
degraded migration corridors, just as they are exposed to degraded water quality in the lower San 
Joaquin River basin and the Stockton DWSC.  Significant amounts of flow and many juvenile 
CV steelhead from the Sacramento River enter the DCC (when the gates are open) and 
Georgiana Slough into the central Delta.  Likewise, some juvenile CV steelhead from the San 
Joaquin River are diverted into the southern Delta through Old River and Turner and Columbia 
Cuts.  Mortality of juvenile CV steelhead entering the central Delta is higher than for those 
continuing downstream in the Sacramento and San Joaquin rivers.  This difference in mortality 
could be caused by a combination of factors:  the longer migration route through the central 
Delta to the western Delta, exposure to higher water temperatures, higher predation rates, 
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exposure to seasonal agricultural diversions, water quality impairments due to agricultural and 
municipal discharges, and a more complex channel configuration making it more difficult for CV 
steelhead to successfully migrate to the western Delta and the ocean.  In addition, the State and 
Federal pumps and associated fish facilities increase mortality of juvenile CV steelhead through 
various means, including entrainment into the State and Federal facilities, handling, trucking, and 
release.  The current condition of freshwater migration corridors in the Sacramento River, San 
Joaquin River, and Delta are very degraded. 
 
4.2.2.2.3.5  Estuarine Areas 
 
Ideal estuarine areas are free of migratory obstructions with water quality, water quantity, and 
salinity conditions supporting juvenile and adult physiological transitions between fresh and salt 
water.  Natural cover such as submerged and overhanging large woody material, aquatic 
vegetation, and side channels, are suitable for juvenile and adult foraging.  Current estuarine 
areas are degraded as a result of the operations of the CVP and SWP.  CV steelhead smolts are 
drawn to the central and south Delta as they outmigrate, and are subjected to the indirect (e.g., 
predation, contaminants) and direct (e.g., salvage, loss) effects of the Delta and both the Federal 
and State fish facilities. 
 
The location of X2 has also been modified from natural conditions.  Historically, the Delta 
provided the transitional habitat for CV steelhead to undergo the physiological change to salt 
water.  However, as X2 was modified to control Delta water quality, and competing species’ 
needs (i.e., Delta smelt), the Delta served more as a migratory corridor for outmigrating 
anadromous salmonids.  The current condition of the estuarine area has been described in section 
4.2.1.3.3.5 for spring-run critical habitat. 
 
4.2.2.2.3.6  Central Valley Steelhead Critical Habitat Summary 
 
The current condition of CV steelhead critical habitat is degraded, and does not provide the 
conservation value necessary for the recovery of the species.  CV steelhead critical habitat has 
suffered similar types of degradation as winter-run critical habitat.  In addition, the Sacramento-
San Joaquin River Delta, as part of CV steelhead designated critical habitat, provides very little 
function necessary for juvenile CV steelhead rearing and physiological transition to salt water. 
 
4.2.3  Southern DPS of North American Green Sturgeon 
 
4.2.3.1  General Life History 
 
In North America, spawning populations of green sturgeon are currently found in only three river 
systems:  the Sacramento and Klamath rivers in California and the Rogue River in southern 
Oregon.  Green sturgeon are known to range from Baja California to the Bering Sea along the 
North American continental shelf.  Data from commercial trawl fisheries and tagging studies 
indicate that the green sturgeon occupy waters within the 110 meter contour (Erickson and 
Hightower 2007).  During the late summer and early fall, subadults and nonspawning adult green 
sturgeon frequently can be found aggregating in estuaries along the Pacific coast (Emmett et al. 
1991, Moser and Lindley 2007).  Particularly large concentrations of green sturgeon from both 
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the northern and southern populations occur in the Columbia River estuary, Willapa Bay, Grays 
Harbor and Winchester Bay, with smaller aggregations in Humboldt Bay, Tillamook Bay, 
Nehalem Bay, and San Francisco and San Pablo bays (Emmett et al 1991, Moyle et al. 1992, and 
Beamesderfer et al. 2007).  Lindley et al. (2008) reported that green sturgeon make seasonal 
migratory movements along the west coast of North America, overwintering north of Vancouver 
Island and south of Cape Spencer, Alaska.  Individual fish from the Southern DPS of green 
sturgeon have been detected in these seasonal aggregations.  Information regarding the migration 
and habitat use of the Southern DPS of green sturgeon has recently emerged.  Lindley (2006) 
presented preliminary results of large-scale green sturgeon migration studies, and verified past 
population structure delineations based on genetic work and found frequent large-scale 
migrations of green sturgeon along the Pacific Coast.  This work was further expanded by recent 
tagging studies of green sturgeon conducted by Erickson and Hightower (2007) and Lindley et 
al. (2008).  To date, the data indicate that North American green sturgeon are migrating 
considerable distances up the Pacific Coast into other estuaries, particularly the Columbia River 
estuary.  This information also agrees with the results of previous green sturgeon tagging studies 
(CDFG 2002), where CDFG tagged a total of 233 green sturgeon in the San Pablo Bay estuary 
between 1954 and 2001.  A total of 17 tagged fish were recovered:  3 in the Sacramento-San 
Joaquin Estuary, 2 in the Pacific Ocean off of California, and 12 from commercial fisheries off 
of the Oregon and Washington coasts.  Eight of the 12 commercial fisheries recoveries were in 
the Columbia River estuary (CDFG 2002).   
 
The Southern DPS of green sturgeon includes all green sturgeon populations south of the Eel 
River, with the only known spawning population being in the Sacramento River.  Green sturgeon 
life history can be broken down into four main stages: eggs and larvae, juveniles, sub-adults, and 
sexually mature adults.  Sexually mature adults are those fish that have fully developed gonads 
and are capable of spawning.  Female green sturgeon are typically 13 to 27 years old when 
sexually mature and have a total body length (TL) ranging between 145 and 205 cm at sexual 
maturity (Nakamoto et al. 1995, Van Eenennaam et al. 2006).  Male green sturgeon become 
sexually mature at a younger age and smaller size than females.  Typically, male green sturgeon 
reach sexual maturity between 8 and 18 years of age and have a TL ranging between 120 cm to 
185 cm (Nakamoto et al. 1995, Van Eenennaam et al. 2006).  The variation in the size and age of 
fish upon reaching sexual maturity is a reflection of their growth and nutritional history, genetics, 
and the environmental conditions they were exposed to during their early growth years.  Adult 
green sturgeon are believed to feed primarily upon benthic invertebrates such as clams, mysid 
shrimp, grass shrimp, and amphipods (Radtke 1966).  Adult sturgeon caught in Washington state 
waters were found to have fed on Pacific sand lance (Ammodytes hexapterus) and callianassid 
shrimp (Moyle et al. 1992).  It is unknown what forage species are consumed by adults in the 
Sacramento River upstream of the Delta. 
 
Adult green sturgeon are gonochoristic (sex genetically fixed), oviparous and iteroparous.  They 
are believed to spawn every 2 to 5 years (Beamesderfer et al. 2007).  Upon maturation of their 
gonadal tissue, but prior to ovulation or spermiation, the adult fish enter freshwater and migrate 
upriver to their spawning grounds.  The remainder of the adult’s life is generally spent in the 
ocean or near-shore environment (bays and estuaries) without venturing upriver into freshwater.  
Younger females may not spawn the first time they undergo oogenesis and subsequently they 
reabsorb their gametes without spawning.  Adult female green sturgeon produce between 60,000 
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and 140,000 eggs, depending on body size, with a mean egg diameter of 4.3 mm (Moyle et al. 
1992, Van Eenennaam et al. 2001).  They have the largest egg size of any sturgeon, and the 
volume of yolk ensures an ample supply of energy for the developing embryo.  The outside of 
the eggs are adhesive, and are more dense than than those of white sturgeon (Kynard et al. 2005, 
Van Eenennaam et al. 2009).  Adults begin their upstream spawning migrations into freshwater 
in late February with spawning occuring between March and July (CDFG 2002. Heublin 2006, 
Heublin et al. 2009, Vogel 2008).  Peak spawning is believed to occur between April and June in 
deep, turbulent, mainstem channels over large cobble and rocky substrates with crevices and 
interstices.  Females broadcast spawn their eggs over this substrate, while the male releases its 
milt (sperm) into the water column.  Fertilization occurs externally in the water column and the 
fertilized eggs sink into the interstices of the substrate where they develop further (Kynard et al. 
2005, Heublin et al. 2009). 
 
Known historic and current spawning occurs in the Sacramento River (Adams et al. 2002, 
Beamesderfer et al. 2004, Adams et al. 2007).  Currently, Keswick and Shasta dams on the 
mainstem of the Sacramento River block passage to the upper river.  Although no historical 
accounts exist for identified green sturgeon spawning occuring above the current dam sites, 
suitable spawning habitat existed and based on habitat assessments done for Chinook salmon, the 
geographic extent of spawning has been reduced due to the impassable barriers constructed on 
the river. 
 
Spawning on the Feather River is suspected to have occurred in the past due to the continued 
presence of adult green sturgeon in the river below Oroville Dam.  This continued presence of 
adults below the dam suggests that fish are trying to migrate to upstream spawning areas now 
blocked by the dam, which was constructed in 1968. 
 
Spawning in the San Joaquin River system has not been recorded historically or observed 
recently, but alterations of the San Joaquin River and its tributaries (Stanislaus, Tuolumne, and 
Merced rivers) occurred early in the European settlement of the region.  During the latter half of 
the 1800s, impassable barriers were built on these tributaries where the water courses left the 
foothills and entered the valley floor.  Therefore, these low elevation dams have blocked 
potentially suitable spawning habitats located further upstream for approximately a century.  
Additional destruction of riparian and stream channel habitat by industrialized gold dredging 
further disturbed any valley floor habitat that was still available for sturgeon spawning.  
Additional impacts to the watershed include the increased loads of selenium entering the system 
through agricultural practices in the western side of the San Joaquin Valley.  Green sturgeon 
have recently been identified by University of California at Davis (U.C. Davis) researchers as 
being highly sensitive to selenium levels.  Currently, only white sturgeon have been encountered 
in the San Joaquin River system upstream of the Delta, and adults have been captured by sport 
anglers as far upstream on the San Joaquin River as Hills Ferry and Mud Slough (2007 sturgeon 
report card - CDFG 2008).  These locations are near the confluence of the Merced River with the 
mainstem San Joaquin River. 
 
Kelly et al. (2007) indicated that green sturgeon enter the San Francisco Estuary during the 
spring and remain until autumn (table 4-7).  The authors studied the movement of adults in the 
San Francisco Estuary and found them to make significant long-distance movements with 
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distinct directionality.  The movements were not found to be related to salinity, current, or 
temperature, and Kelly et al. (2007) surmised that they are related to resource availability and 
foraging behavior.  Recent acoustical tagging studies on the Rogue River (Erickson et al. 2002) 
have shown that adult green sturgeon will hold for as much as 6 months in deep (> 5m), low 
gradient reaches or off channel sloughs or coves of the river during summer months when water 
temperatures were between 15oC and 23oC.  When ambient temperatures in the river dropped in 
autumn and early winter (<10oC) and flows increased, fish moved downstream and into the 
ocean.  Erickson et al. (2002) surmised that this holding in deep pools was to conserve energy 
and utilize abundant food resources.  Benson et al. (2007) found similar behavior on the Klamath 
and Trinity River systems with adult sturgeon acoustically tagged during their spawning 
migrations.  Most fish held over the summer in discrete locations characterized by deep, low 
velocity pools until late fall or early winter when river flows increased with the first storms of 
the rainy season.  Fish then moved rapidly downstream and out of the system.  Recent data 
gathered from acoustically tagged adult green sturgeon revealed comparable behavior by adult 
fish on the Sacramento River based on the positioning of adult green sturgeon in holding pools 
on the Sacramento River above the GCID diversion (RM 205).  Recent acoustic tag data indicate 
that adult green sturgeon migrate upstream as far as the mouth of Cow Creek, near Bend Bridge, 
in May.  Adults prefer deep holes at the mouths of tributary streams, where they spawn and rest 
on the bottom.  After spawning, the adults hold over in the upper Sacramento River between 
RBDD and GCID until November (Klimley 2007).  Heublin (2006, 2009) and Vogel (2008) have 
documented the presence of adults in the Sacramento River during the spring and through the fall 
into the early winter months.  These fish hold in upstream locations prior to their emigration 
from the system later in the year.  Like the Rogue and Klamath river systems, downstream 
migration appears to be triggered by increased flows, decreasing water temperatures, and occurs 
rapidly once initiated.  Some adults rapidly leave the system following their suspected spawning 
activity and re-enter the ocean in early summer (Heublin 2006).  This behavior has also been 
observed on the other spawning rivers (Benson et al. 2007) but may have been an artifact of the 
stress of the tagging procedure in that study. 
 
During the spring and summer, the main processes influencing green sturgeon are in the 
freshwater environment (figure 4-7).  Spawning requires sufficient instream flows for passage of 
reproductive adults and effective fertilization.  Temperature, DO, and suitable in-river habitats 
influence larval survival.  Ecological processes and stressors begin to influence green sturgeon 
immediately during their first summer (figure 4-7).  These stressors are cumulative to the effects 
of temperature, salinity, and flow during green sturgeon’s first fall and winter.  Currently 
spawning appears to occur primarily above RBDD, based on the recovery of eggs and larvae at 
the dam in monitoring studies (Gaines and Martin 2002, Brown 2007).  Green sturgeon larvae 
hatch from fertilized eggs after approximately 169 hours at a water temperature of 15oC (Van 
Eenennaam et al. 2001, Deng et al. 2002), which is similar to the sympatric white sturgeon 
development rate (176 hours).  Van Eenennaam et al. (2005) indicated that an optimum range of 
water temperature for egg development ranged between 14oC and 17oC.  Temperatures over 
23oC resulted in 100 percent mortality of fertilized eggs before hatching.  Eggs incubated at 
water temperatures between 17.5oC and 22 oC resulted in elevated mortalities and an increased 
occurrence of morphological abnormalities in those eggs that did hatch.  At incubation 
temperatures below 14oC, hatching mortality also increased significantly, and morphological 
abnormalities increased slightly, but not statistically so. 
 

 116 
 



Table 4-7.  The temporal occurrence of (a) adult, (b) larval (c) juvenile and (d) subadult coastal migrant 
Southern DPS of green sturgeon.  Locations emphasize the Central Valley of California.  Darker shades 
indicate months of greatest relative abundance.  
(a) Adult-sexually mature (≥145 – 205 cm TL for females and ≥ 120 – 185 cm TL old for males) 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Upper Sac. Rivera,b,c.i                                             
SF Bay Estuaryd,h,i                                             
                          
(b) Larval and juvenile (≤10 months old)                 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
RBDD, Sac Rivere                                             
GCID, Sac Rivere                                             
                          
(c) Older Juvenile (> 10 months old and ≤3 years 
old)                 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
South Delta*f                                             
Sac-SJ Deltaf                                             
Sac-SJ Deltae                                             
Suisun Baye                                             
                          
(d) Sub-Adult/non-sexually mature (approx. 75 cm to 145 cm for females and 75 to 120 cm for males) 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Pacific Coastc,g                                             
                         
Relative Abundance:    =  High       = Medium      = Low     

* Fish Facility salvage operations 
Sources:  aUSFWS (2002); bMoyle et al. (1992); cAdams et al. (2002) and NMFS (2005); dKelly et al. (2007); 
eCDFG (2002); fIEP Relational Database, fall midwater trawl green sturgeon captures from 1969 to 2003; 
gNakamoto et al. (1995); hHeublein (2006); iCDFG Draft Sturgeon Report Card (2007) 

 
Survival of eggs and larvae requires specific water quality parameters like temperature, DO, and 
turbidity.  These parameters likely constrain the current area available as larval nursery and 
juvenile foraging areas.  Increased water quantity has a positive influence on spawning, and since 
flow in spawning segments of the Sacramento River is controlled by Shasta Dam, the 
predictability of flows is high, and project operations can directly influence the successful 
production of larvae and juveniles.  Large flow rates of greater than 14,000 cfs between February 
1 and May 31 are similar to what are necessary for producing strong year classes of white 
sturgeon at spawning sites in the Sacramento River, but not in the Feather or Yuba rivers 
(Neuman et al. 2007). 
 
Newly hatched green sturgeon are approximately 12.5 to 14.5 mm in length and have a large 
ovoid yolk sac that supplies nutritional energy until exogenous feeding occurs.  These yolksac 
larvae are less developed in their morphology than older juveniles and external morphology 
resembles a “tadpole” with a continuous fin fold on both the dorsal and ventral sides of the 
caudal trunk.  The eyes are well developed with differentiated lenses and pigmentation. 
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Figure 4-7.  Life history conceptual model for green sturgeon:  Coastal Migrant to Eggs Submodel (Israel and 
Klimley 2008).   
 
Olfactory and auditory vesicles are present while the mouth and respiratory structures are only 
shallow clefts on the head.  At 10 days of age, the yolk sac has become greatly reduced in size 
and the larvae initiates exogenous feeding through a functional mouth.  The fin folds have 
become more developed and formation of fin rays begins to occur in all fin tissues.  By 45 days 
of age, the green sturgeon larvae have completed their metamorphosis, which is characterized by 
the development of dorsal, lateral, and ventral scutes, elongation of the barbels, rostrum, and 
caudal peduncle, reabsorption of the caudal and ventral fin folds, and the development of fin 
rays.  The juvenile fish resembles the adult form, including the dark olive coloring, with a dark 
mid-ventral stripe (Deng et al. 2002) and are approximately 75 mm TL.   
 
Green sturgeon larvae do not exhibit the initial pelagic swim–up behavior characteristic of other 
acipenseridae.  The are strongly oriented to the bottom and exhibit nocturnal activity patterns.  
After 6 days, the larvae exhibit nocturnal swim-up activity (Deng et al. 2002) and nocturnal 
downstream migrational movements (Kynard et al. 2005).  Juvenile fish continue to exhibit 
nocturnal behavioral beyond the metamorphosis from larvae to juvenile stages.  Kynard et al.’s 
(2005) laboratory studies indicated that juvenile fish continued to migrate downstream at night 
for the first 6 months of life.  When ambient water temperatures reached 8oC, downstream 
migrational behavior diminished and holding behavior increased.  This data suggests that 9 to 10 
month old fish would hold over in their natal rivers during the ensuing winter following 
hatching, but at a location downstream of their spawning grounds. 
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Green sturgeon juveniles tested under laboratory conditions had optimal bioenergetic 
performance (i.e. growth, food conversion, swimming ability) between 15oC and 19oC under 
either full or reduced rations (Mayfield and Cech 2004).  This temperature range overlaps the 
egg incubation temperature range for peak hatching success previously discussed.  Ambient 
water temperature conditions in the Rogue and Klamath River systems range from 4oC to 
approximately 24oC.  The Sacramento River has similar temperature profiles and, like the 
previous two rivers, is a regulated system with dams controlling flows on its mainstem (Shasta 
and Keswick dams), and its tributaries (Whiskeytown, Oroville, Folsom, and Nimbus dams). 
 
Larval and juvenile green sturgeon are subject to predation by both native and introduced fish 
species.  Prickly sculpin (Cottus asper) have been shown to be an effective predator on the larvae 
of sympatric white sturgeon (Gadomski and Parsley 2005).  This study also indicated that the 
lowered turbidity found in tailwater streams and rivers due to dams increased the effectiveness of 
sculpin predation on sturgeon larvae under laboratory conditions. 
 
Larval and juvenile sturgeon have been caught in traps at two sites in the upper Sacramento 
River: below RBDD (RM 342) and from the GCID pumping plant (RM 205, CDFG 2002).  
Larvae captured at the RBDD site are typically only a few days to a few weeks old, with lengths 
ranging from 24 to 31 mm.  This body length is equivalent to 15 to 28 days post hatch as 
determined by Deng et al. (2002).  Recoveries of larvae at the RBDD rotary screw traps (RSTs) 
occur between late April/early May and late August with the peak of recoveries occurring in 
June (1995-1999 and 2003–2008 data).  The mean yearly total length of post-larval green 
sturgeon captured in the GCID RST, approximately 30 miles downstream of RBDD, ranged 
from 33 mm to 44 mm between 1997 and 2005 (CDFG, 2002) indicating they are approximately 
3-4 weeks old (Van Eenennaam et al. 2001, Deng et al. 2002).  Taken together, the average 
length of larvae captured at the two monitoring sites indicate that fish were hatched upriver of 
the monitoring site and drifted downstream over the course of 2 to 4 weeks of growth.  
According to the CDFG document commenting on the NMFS proposal to list the Southern DPS 
(CDFG 2002), some green sturgeon rear to larger sizes above RBDD, or move back to this 
location after spending time downstream.  Two sturgeon between 180 and 400 mm TL were 
captured in the RST during 1999 and green sturgeon within this size range have been impinged 
on diffuser screens associated with a fish ladder at RBDD (K. Brown, USFWS, pers. comm. as 
cited in CDFG 2002). 
 
Juvenile green sturgeon migrate downstream and feed mainly at night.  Larvae and YOY are 
small enough to be entrained in water diversions.  During the day, their benthic behavior likely 
limits this impact.  However, their nocturnal swim up behavior may place them at risk for 
entrainment by local agricultural diversions in the upper river reaches. 
 
Juvenile green sturgeon have been salvaged at the Harvey O. Banks Pumping Plant and the John 
E. Skinner Fish Collection Facility (Fish Facilities) in the South Delta, and captured in trawling 
studies by CDFG during all months of the year (CDFG 2002).  The majority of these fish were 
between 200 and 500 mm, indicating they were from 2 to 3 years of age based on Klamath River 
age distribution work by Nakamoto et al. (1995).  The lack of a significant proportion of 
juveniles smaller than approximately 200 mm in Delta captures indicates that juveniles of the 
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Southern DPS of green sturgeon likely hold in the mainstem Sacramento River, as suggested by 
Kynard et al. (2005). 
 
4.2.3.2  Range-Wide (DPS) Status and Trends 
 
Population abundance information concerning the Southern DPS of green sturgeon is described 
in the NMFS status reviews (Adams et al. 2002, NMFS 2005).  Limited population abundance 
information comes from incidental captures of North American green sturgeon from the white 
sturgeon monitoring program by the CDFG sturgeon tagging program (CDFG 2002).  By 
comparing ratios of white sturgeon to green sturgeon captures, CDFG provides estimates of adult 
and sub-adult North American green sturgeon abundance.  Estimated abundance between 1954 
and 2001 ranged from 175 fish in 1993 to more than 8,421 in 2001, and averaged 1,509 fish per 
year.  Unfortunately, there are many biases and errors associated with these data, and CDFG 
does not consider these estimates reliable, since the population estimates are based on small 
sample sizes, intermittent reporting, and inferences made from white sturgeon catches.  Fish 
monitoring efforts at RBDD and GCID on the upper Sacramento River have captured between 0 
and 2,068 juvenile Southern DPS of green sturgeon per year (Adams et al. 2002).   
 
Green sturgeon larvae and juveniles are routinely observed in rotary screw traps at RBDD and 
GCID, indicating spawning occurs above both these sites.  Adults have been observed as far 
down as Hamilton City (RM 200).  RST data from RBDD and GCID show a declining trend in 
juvenile production since the 1990s (figure 4-8).  Recent data indicate that very little production 
took place in 2007 and 2008 (13 and 3 larval green sturgeon captured in the RST monitoring 
sites at RBDD, respectively; Poytress 2008, Poytress et al. 2009).  Newly hatched larvae in the 
30-40 mm range peak at RBDD and GCID in July, indicating they are at least 10 days old (figure 
4-9).  Length data from GCID do not show the same general increase in size over the sampling 
season as observed at RBDD, which may indicate less favorable growing conditions in the river 
between RBDD and GCID (CDFG 2002).  Juvenile green sturgeon migrate downstream and feed 
mainly at night.  Larvae and YOY are small enough to be entrained in water diversions.  During 
the day, their benthic behavior likely limits this impact.  However, their nocturnal swim up 
behavior may place them at risk for entrainment by local agricultural diversions in the upper 
river reaches. 
 
The only existing information regarding changes in the abundance of the Southern DPS of green 
sturgeon includes changes in abundance at the John E. Skinner Fish Collection Facility between 
1968 and 2006 (figures 4-10 and 4-11, table 4-8).  The average number of Southern DPS of 
green sturgeon entrained per year at the State Facility prior to 1986 was 732; from 1986 on, the 
average per year was 47 (April 5, 2005, 70 FR 17386).  For the Harvey O. Banks Pumping Plant, 
the average number prior to 1986 was 889; from 1986 to 2001 the average was 32 (April 5, 2005, 
70 FR 17386).  In light of the increased exports, particularly during the previous 10 years, it is 
clear that the abundance of the Southern DPS of green sturgeon is declining.  Additional analysis 
of North American green and white sturgeon taken at the Fish Facilities indicates that take of 
both North American green and white sturgeon per acre-foot of water exported has decreased 
substantially since the 1960s (April 5, 2005, 70 FR 17386).  Catches of sub-adult and adult 
Northern and Southern DPS of green sturgeon, primarily in San Pablo Bay, by the IEP ranged 
from 1 to 212 green sturgeon per year between 1996 and 2004 (212 occurred in 2001).  
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However, the portion of the Southern DPS of green sturgeon is unknown.  Recent spawning 
population estimates using sibling-based genetics by Israel (2006) indicate spawning populations 
of 32 spawner pairs in 2002, 64 in 2003, 44 in 2004, 92 in 2005, and 124 in 2006 above RBDD 
(with an average of 71).   
 

Juvenile green sturgeon at RBDD and GCID 
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Figure 4-8.  Rotary screw trap data of juvenile green sturgeon caught at RBDD and GCID from 1994-2008 
(OCAPCVP/SWP operations BA). 
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Figure 4-9.  Juvenile green sturgeon average catch by month at GCID (1994-2005, CVP/SWP operations BA). 
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Estimated Salvage at the CVP and SWP Fish Collection Facilities
1981 to 2006
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Figure 4-10.  Estimated number of juvenile Southern DPS of green sturgeon salvaged from the SWP and the 
CVP fish collection facilities (Beamesderfer et al. 2007, CDFG 2002, and Adams et al. 2007).  Measured fish 
lengths from 1981 through 2006 ranged from 136 mm to 774 mm with an average length of 330 mm. 

Sum of monthly salvage rates for North American green sturgeon
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Figure 4-11.  Estimated total number of Southern DPS of green sturgeon salvaged monthly from the SWP 
and the CVP fish collection facilities (CDFG 2002, unpublished CDFG records).  Measured fish lengths from 
1981 through 2006 ranged from 136 mm to 774 mm with an average length of 330 mm. 
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Table 4-8.  The annual occurrence of juvenilea Southern DPS of North American green sturgeon at the CVP 
and SWP fish collection facilities in the South Delta.  (Adams et al. 2007, CDFG 2002). 
 

State Facilities Federal Facilities 
Year Salvage 

Numbers 
Numbers per 
1000 acre feet 

Salvage 
Numbers 

Numbers per 
1000 acre feet 

1968 12 0.0162   
1969 0 0   
1970 13 0.0254   
1971 168 0.2281   
1972 122 0.0798   
1973 140 0.1112   
1974 7313 3.9805   
1975 2885 1.2033   
1976 240 0.1787   
1977 14 0.0168   
1978 768 0.3482   
1979 423 0.1665   
1980 47 0.0217   
1981 411 0.1825 274 0.1278 
1982 523 0.2005 570 0.2553 
1983 1 0.0008 1475 0.653 
1984 94 0.043 750 0.2881 
1985 3 0.0011 1374 0.4917 
1985 0 0 49 0.0189 
1987 37 0.0168 91 0.0328 
1988 50 0.0188 0 0 
1989 0 0 0 0 
1990 124 0.0514 0 0 
1991 45 0.0265 0 0 
1992 50 0.0332 114 0.0963 
1993 27 0.0084 12 0.0045 
1994 5 0.003 12 0.0068 
1995 101 0.0478 60 0.0211 
1996 40 0.0123 36 0.0139 
1997 19 0.0075 60 0.0239 
1998 136 0.0806 24 0.0115 
1999 36 0.0133 24 0.0095 
2000 30 0.008 0 0 
2001 54 0.0233 24 0.0106 
2002 12 0.0042 0 0 
2003 18 0.0052 0 0 
2004 0 0 0 0 
2005 16 0.0044 12 0.0045 
2006 39 0.0078 324 0.1235 

a Measured fish lengths from 1981 through 2006 ranged from 136 mm to 774 mm with an average length of 330 
mm. 
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As described previously, the majority of spawning by green sturgeon in the Sacramento River 
system appears to take place above the location of RBDD.  This is based on the length and 
estimated age of larvae captured at RBDD (approximately 2-3 weeks of age) and GCID 
(downstream, approximately 3-4 weeks of age) indicating that hatching occurred above the 
sampling location.  Note that there are many assumptions with this interpretation (i.e., equal 
sampling efficiency and distribution of larvae across channels) and this information should be 
considered cautiously.  
 
Available information on green sturgeon indicates that, as with winter-run, the mainstem 
Sacramento River may be the last viable spawning habitat (Good et al. 2005) for the Southern 
DPS of green sturgeon.  Lindley et al. (2007) pointed out that an ESU represented by a single 
population at moderate risk is at a high risk of extinction over the long term.  Although the 
extinction risk of the Southern DPS of green sturgeon has not been assessed, NMFS believes that 
the extinction risk has increased because there is only one known population, within the 
mainstem Sacramento River. 
 
4.2.3.3  Current Viability of the Southern DPS of North American Green Sturgeon 
 
4.2.3.3.1  Population Size 
 
The current population status of Southern DPS green sturgeon is unknown (Beamesderfer et al. 
2007, Adams et al. 2007).  It is believed, based on captures of green sturgeon during surveys for 
the sympatric white sturgeon in the San Francisco Bay estuary that the population is relatively 
small (USFWS 1995), ranging from several hundred to a few thousand adults.  However, these 
estimates are very uncertain, and limited by the inherent biases of the sampling methods.  The 
sole population of Southern DPS of green sturgeon spawns within the Sacramento River basin 
and is believed to spawn primarily in the mainstem of the Sacramento River between Keswick 
Dam (RM 302) and Hamilton City (RM 200).  Israel (2006) indicated that between 2002 and 
2005, a range of 18 to 42 adult green sturgeon were estimated to have bred above RBDD, based 
on genetic analysis of captured larvae in the Sacramento River.   
 
4.2.3.3.2  Population Growth Rate 
 
Recruitment data for the Southern DPS of green sturgeon are essentially nonexistent.  Incidental 
catches of larval green sturgeon in the mainstem Sacramento River and juvenile fish at the CVP 
and SWP pumping facilities in the South Delta suggest that green sturgeon are successful at 
spawning, but that annual year class strength may be highly variable (Beamesderfer et al. 2007, 
Adams et al. 2005).  Recent declines in the number of larvae captured in the RSTs near the 
RBDD may indicate a reduction in spawning success in the past several years, with resulting 
depressions in the year class strengths for those years.  Green sturgeon are iteroparous and long-
lived, so that spawning failure in any 1 year may be rectified in a succeeding spawning year.  
This would give the potential for a succesion of multiple, strong year classes, interspersed with 
weaker year classes. 
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4.2.3.3.3  Spatial Structure 
 
Like the winter-run population, the Southern DPS of green sturgeon population has been 
relegated to a single spawning area, which is, for the most part, outside of its historical spawning 
area.  The recent habitat evaluations conducted in the upper Sacramento River for salmonid 
recovery suggest that significant spawning habitat was made inaccessible or altered by dams 
(Lindley et al. 2004, 2006; Adams et al. 2007).  The historical spawning habitat may have 
extended up into the three major branches of the upper Sacramento above the current location of 
Shasta Dam; the Little Sacramento River, the Pitt River, and the McCloud River.  Additional 
spawning habitat is believed to have once existed above the current location of Oroville Dam on 
the Feather River.  Other watersheds, including the San Joaquin River basin may also have 
supported opportunistic green sturgeon spawning in the past (Adams et al. 2007, Beamesderfer 
et al. 2007)   
 
Green sturgeon are found throughout the Sacramento – San Joaquin Delta and the San Francisco 
Bay estuary.  Coastal migrants, which include both adult and subadult life stages, are found from 
approximately Central California to southeastern Alaska with aggregations of Southern DPS of 
green sturgeon occurring in several estuaries along the West Coast from California northwards to 
Washington during the late summer and early fall.  An aggregation of green sturgeon has also 
recently been identified off of the northwestern tip of Vancouver Island.  Although both northern 
and southern populations mix in the ocean and coastal estuaries, it is believed that each DPS 
maintains a high fidelity to their natal watershed and little straying occurs between the two DPSs. 
 
The reduction of the Southern DPS of green sturgeon spawning habitat into one reach on the 
Sacramento River between Keswick Dam and Hamilton City increases the vulnerability of this 
spawning population to catastrophic events.  One spill of toxic materials into this reach of river, 
similar to the Cantara Loop spill of herbicides on the upper Sacramento River, could remove a 
significant proportion of the adult spawning broodstock from the population, as well as reduce 
the recruitment of the exposed year class of juvenile fish.  Likewise, the necessary water 
temperatures required for normal egg development in the spawning reach is reliant on the cold-
water releases for winter-run.  Extended drought conditions could imperil the spawning success 
for green sturgeon, particularly those that are restricted to the river reaches below RBDD. 
 
4.2.3.3.4  Diversity 
 
Diversity, both genetic and behavioral, provides a species the opportunity to track and adapt to 
environmental changes.  As a species’ abundance decreases, and spatial structure of the 
ESU/DPS is reduced, a species has less flexibility to track changes in the environment.  The 
reduction of the Southern DPS of green sturgeon population to one extant population reduces the 
potential variation of life history expression and genetic diversity within this population.  Like 
winter-run, the Southern DPS of green sturgeon face greater risks to long term persistence of the 
population due to the lack of this flexibilty in their current condition. 
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4.2.3.3.5  Summary of the Current Viability of the Southern DPS of North American Green 
Sturgeon DPS 
 
The Southern DPS of green sturgeon is at substantial risk of future population declines (Adams 
et al. 2007).  The potential threats faced by the green sturgeon include enhanced vulnerability 
due to the reduction of spawning habitat into one concentrated area on the Sacramento River, 
lack of good empirical population data, vulnerability of long-term cold water supply for egg 
incubation and larval survival, loss of juvenile green sturgeon due to entrainment at the project 
fish collection facilities in the South Delta and agricultural diversions within the Sacramento 
River and Delta systems, alterations of food resources due to changes in the Sacramento River 
and Delta habitats, and exposure to various sources of contaminants throughout the basin to 
juvenile, sub-adult, and adult life stages.   
 
4.2.3.4  Status of Southern DPS of Green Sturgeon Proposed Critical Habitat 
 
4.2.3.4.1  Summary of Proposed Critical Habitat 
 
Critical habitat was proposed for Southern DPS of green sturgeon on September 8, 2008 (73 FR 
52084).  Proposed critical habitat for Southern DPS of green sturgeon includes approximately 
325 miles of riverine habitat and 1,058 square miles of estuarine habitat in California, Oregon, 
and Washington, and 11,927 square miles of coastal marine habitat off California, Oregon, and 
Washington within the geographical area presently occupied by the Southern DPS of green 
sturgeon.  In addition, approximately 136 square miles of habitat within the Yolo and Sutter 
bypasses, adjacent to the Sacramento River, California, are proposed for designation. 
 
4.2.3.4.2  For Freshwater Riverine Systems 
 
4.2.3.4.2.1  Food Resources 
 
Abundant food items for larval, juvenile, subadult, and adult life stages should be present in 
sufficient amounts to sustain growth (larvae, juveniles, and subadults) or support basic 
metabolism (adults).  Although we lack specific data on food resources for green sturgeon within 
freshwater riverine systems, nutritional studies on white sturgeon suggest that juvenile green 
sturgeon most likely feed on macro benthic invertebrates, which can include plecoptera 
(stoneflies), ephemeroptera (mayflies), trichoptera (caddis flies), chironomid (dipteran fly 
larvae), oligochaetes (tubifex worms) or decapods (crayfish).  These food resources are 
important for juvenile foraging, growth, and development during their downstream migration to 
the Delta and bays.  In addition, subadult and adult green sturgeon may forage during their 
downstream post-spawning migration or on non-spawning migrations within freshwater rivers.  
Subadult and adult green sturgeon in freshwater rivers most likely feed on benthic invertebrates 
similar to those fed on in bays and estuaries, including freshwater shrimp and amphipods.  Many 
of these different invertebrate groups are endemic to and readily available in the Sacramento 
River from Keswick Dam downstream to the Delta.  Heavy hatches of mayflies, caddis flies, and 
chironomids occur in the upper Sacramento River, indicating that these groups of invertebrates 
are present in the river system.  NMFS anticipates that the aquatic life stages of these insects 
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(nymphs, larvae) would provide adequate nutritional resources for green sturgeon rearing in the 
river. 
 
4.2.3.4.2.2  Substrate Type or Size 
 
Suitable critical habitat in the freshwater riverine system should include substrate suitable for 
egg deposition and development (e.g., cobble, gravel, or bedrock sills and shelves with 
interstices or irregular surfaces to “collect” eggs and provide protection from predators, and free 
of excessive silt and debris that could smother eggs during incubation), larval development (e.g., 
substrates with interstices or voids providing refuge from predators and from high flow 
conditions), and subadults and adult life stages (e.g., substrates for holding and spawning).  For 
example, spawning is believed to occur over substrates ranging from clean sand to bedrock, with 
preferences for cobble (Emmett et al. 1991, Moyle et al. 1995).  Eggs likely adhere to substrates, 
or settle into crevices between substrates (Deng 2000, Van Eenennaam et al. 2001, Deng et al. 
2002).  Both embryos and larvae exhibited a strong affinity for benthic structure during 
laboratory studies (Van Eenennaam et al. 2001, Deng et al. 2002, Kynard et al. 2005), and may 
seek refuge within crevices, but use flat-surfaced substrates for foraging (Nguyen and Crocker 
2007).  Recent stream surveys by USFWS and Reclamation biologists have identified 
approximately a 54 suitable holes and pools between Keswick Dam and approximately GCID 
that would support spawning or holding activities for green sturgeon, based on the identified 
physical criteria.  Many of these locations are at the confluence of tributaries with the mainstem 
Sacramento River or at bend pools.  Observations of channel type and substrate compositions 
during these surveys indicate that appropriate substrate is available in the Sacramento River 
between Keswick Dam and GCID.  Ongoing surveys are anticipated to further identify river 
reaches with suitable substrate characteristics in the upper river and their utilization by green 
sturgeon. 
 
4.2.3.4.2.3  Water Flow 
 
An adequate flow regime (i.e., magnitude, frequency, duration, seasonality, and rate-of-change 
of fresh water discharge over time) is necessary for normal behavior, growth, and survival of all 
life stages in the upper Sacramento River.  Such a flow regime should include stable and 
sufficient water flow rates in spawning and rearing reaches to maintain water temperatures 
within the optimal range for egg, larval, and juvenile survival and development (11-19°C) (Cech 
et al. 2000, Mayfield and Cech 2004, Van Eenennaam et al. 2005, Allen et al. 2006).  Sufficient 
flow is also needed to reduce the incidence of fungal infestations of the eggs, and to flush silt and 
debris from cobble, gravel, and other substrate surfaces to prevent crevices from being filled in 
and to maintain surfaces for feeding.  Successful migration of adult green sturgeon to and from 
spawning grounds is also dependent on sufficient water flow.  Spawning success is most 
certainly associated with water flow and water temperature compared to other variables.  
Spawning in the Sacramento River is believed to be triggered by increases in water flow to about 
14,000 cfs (average daily water flow during spawning months:  6,900-10,800 cfs; Brown 2007).  
Post-spawning downstream migrations are triggered by increased flows, ranging from 6,150-
14,725 cfs in the late summer (Vogel 2005) and greater than 3,550 cfs in the winter (Erickson et 
al. 2002, Benson et al. 2007).  The current suitability of these flow requirements is almost 
entirely dependent on releases from Shasta Dam.  High winter flows associated with the natural 
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hydrograph do not occur within the section of the river utilized by green sturgeon with the 
frequency and duration that was seen in pre-dam conditions.  Continued operations of the project 
are likely to further attenuate these high flow events.  Rearrangement of the river channel and the 
formation of new pools and holes are unlikely to occur given the management of the river’s 
discharge to prevent flooding downstream of the dam. 
 
4.2.3.4.2.4  Water Quality 
 
Adequate water quality, including temperature, salinity, oxygen content, and other chemical 
characteristics, necessary for normal behavior, growth, and viability of all life stages are required 
for the proper functioning of the freshwater habitat.  Suitable water temperatures would include:  
stable water temperatures within spawning reaches (wide fluctuations could increase egg 
mortality or deformities in developing embryos); temperatures within 11-17°C (optimal range = 
14-16°C) in spawning reaches for egg incubation (March-August) (Van Eenennaam et al. 2005); 
temperatures below 20°C for larval development (Werner et al. 2007); and temperatures below 
24°C for juveniles (Mayfield and Cech 2004, Allen et al. 2006).  Due to the temperature 
management of the releases from Keswick Dam for winter-run in the upper Sacramento River, 
water temperatures in the river reaches utilized currently by green sturgeon appear to be suitable 
for proper egg development and larval and juvenile rearing.  Suitable salinity levels range from 
fresh water [< 3 parts per thousand (ppt)] for larvae and early juveniles [about 100 days post 
hatch (dph)] to brackish water (10 ppt) for juveniles prior to their transition to salt water.  
Prolonged exposure to higher salinities may result in decreased growth and activity levels and 
even mortality (Allen and Cech 2007).  Salinity levels are suitable for green sturgeon in the 
Sacramento River and freshwater portions of the Delta for early life history stages.  Adequate 
levels of DO are needed to support oxygen consumption by early life stages (ranging from 61.78 
to 76.06 mg O2 hr-1 kg-1 for juveniles, Allen and Cech 2007).  Current mainstem DO levels are 
suitable to support the growth and migration of green sturgeon in the Sacramento River.  Suitable 
water quality would also include water free of contaminants (i.e., pesticides, organochlorines, 
elevated levels of heavy metals, etc.) that may disrupt normal development of embryonic, larval, 
and juvenile stages of green sturgeon.  Water free of such contaminants would protect green 
sturgeon from adverse impacts on growth, reproductive development, and reproductive success 
(e.g., reduced egg size and abnormal gonadal development, abnormal embryo development 
during early cleavage stages and organogenesis) likely to result from exposure to contaminants 
(Fairey et al. 1997, Foster et al. 2001a, Foster et al. 2001b, Kruse and Scarnecchia 2002, Feist et 
al. 2005, and Greenfield et al. 2005).  Legacy contaminants such as mercury still persist in the 
watershed and pulses of pesticides have been identified in winter storm discharges throughout 
the Sacramento River basin. 
 
4.2.3.4.2.5  Migratory Corridor 
 
Safe and unobstructed migratory pathways are necessary for passage within riverine habitats and 
between riverine and estuarine habitats (e.g., an unobstructed river or dammed river that still 
allows for passage).  Safe and unobstructed migratory pathways are necessary for adult green 
sturgeon to migrate to and from spawning habitats, and for larval and juvenile green sturgeon to 
migrate downstream from spawning/rearing habitats within freshwater rivers to rearing habitats 
within the estuaries.  Unobstructed passage throughout the Sacramento River up to Keswick 
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Dam (RM 302) is important, because optimal spawning habitats for green sturgeon are believed 
to be located upstream of the RBDD (RM 242).   
 
Green sturgeon adults that migrate upstream in April, May, and June are completely blocked by 
the ACID diversion dam.  Therefore, 5 miles of spawning habitat are inaccessible upstream of 
the diversion dam.  It is unknown if spawning is occurring in this area.  Adults that pass 
upstream of ACID dam before April are forced to wait 6 months until the stop logs are pulled 
before returning downstream to the ocean.  Upstream blockage forces sturgeon to spawn in 
approximately 12 percent less habitat between Keswick Dam and RBDD.  Newly emerged green 
sturgeon larvae that hatch upstream of the ACID diversion dam would be forced to hold for 6 
months upstream of the dam or pass over it and be subjected to higher velocities and turbulent 
flow below the dam, thus rendering the larvae and juvenile green sturgeon more susceptible to 
predation. 
 
Closure of the gates at RBDD from May 15 through September 15 precludes all access to 
spawning grounds above the dam during that time period.  Adult green sturgeon that cannot 
migrate upstream past the RBDD either spawn in what is believed to be less suitable habitat 
downstream of the RBDD (potentially resulting in lower reproductive success) or migrate 
downstream without spawning, both of which would reduce the overall reproductive success of 
the species.   
 
Adult green sturgeon that were successful in passing the RBDD prior to its closure have to 
negotiate the dam on their subsequent downstream migration following spawning during the 
gates down period.  Recent acoustic tag data indicate that some fish are successful in passing the 
dam when the gates are in the “closed” position.  Typically the gates are raised slightly from the 
bottom to allow water to flow underneath the radial gates and fish apparently can pass beneath 
the radial gates during this period.  However, recent observed mortalities of green sturgeon 
during an emergency gate operation (2007) indicate that passage is not without risk if the 
clearance is too narrow for successful passage.   
 
Juvenile green sturgeon first appear in USFWS sampling efforts at RBDD in May, June, and 
July, during the RBDD gates down period.  Juvenile green sturgeon would likely be subjected to 
the same predation and turbulence stressors caused by RBDD as the juvenile anadromous 
salmonids, leading to diminished survival through the structure and waters immediately 
downstream.   
 
4.2.3.4.2.6  Depth 
 
Deep pools of ≥ 5 m depth are critical for adult green sturgeon spawning and for summer holding 
within the Sacramento River.  Summer aggregations of green sturgeon are observed in these 
pools in the upper Sacramento River above GCID.  The significance and purpose of these 
aggregations are unknown at the present time, although it is likely that they are the result of an 
intrinsic behavioral characteristic of green sturgeon.  Adult green sturgeon in the Klamath and 
Rogue rivers also occupy deep holding pools for extended periods of time, presumably for 
feeding, energy conservation, and/or refuge from high water temperatures (Erickson et al. 2002, 

 129 
 



Benson et al. 2007).  As described above, approximately a 54 pools with adequate depth have 
been identified in the Sacramento River above the GCID location. 
 
4.2.3.4.2.7  Sediment Quality 
 
Sediment should be of the appropriate quality and characteristics necessary for normal behavior, 
growth, and viability of all life stages.  This includes sediments free of contaminants [e.g., 
elevated levels of heavy metals (e.g., mercury, copper, zinc, cadmium, and chromium), PAHs, 
and organochlorine pesticides] that can result in negative effects on any life stages of green 
sturgeon.  Based on studies of white sturgeon, bioaccumulation of contaminants from feeding on 
benthic species may negatively affect the growth, reproductive development, and reproductive 
success of green sturgeon.  The Sacramento River and its tributaries have a long history of 
contaminant exposure from abandoned mines, separation of gold ore from mine tailings using 
mercury, and agricultural practices with pesticides and fertilizers which result in deposition of 
these materials in the sediment horizons in the river channel.  Disturbance of these sediment 
horizons by natural or anthropogenic actions can liberate the sequestered contaminants into the 
river.  This is a continuing concern in the river’s watershed. 
 
4.2.3.4.3  For Estuarine Habitats 
 
4.2.3.4.3.1  Food Resources 
 
Abundant food items within estuarine habitats and substrates for juvenile, subadult, and adult life 
stages are required for the proper functioning of this PCE for green sturgeon.  Prey species for 
juvenile, subadult, and adult green sturgeon within bays and estuaries primarily consist of 
benthic invertebrates and fish, including crangonid shrimp, callianassid shrimp, burrowing 
thalassinidean shrimp, amphipods, isopods, clams, annelid worms, crabs, sand lances, and 
anchovies.  These prey species are critical for the rearing, foraging, growth, and development of 
juvenile, subadult, and adult green sturgeon within the bays and estuaries.  Currently, the estuary 
provides these food resources, although annual fluctuations in the population levels of these food 
resources may diminish the contribution of one group to the diet of green sturgeon relative to 
another food source.  The recent spread of the Asian overbite clam has shifted the diet profile of 
white sturgeon to this invasive species.  The overbite clam now makes up a substantial 
proportion of the white sturgeon’s diet in the estuary.  NMFS assumes that green sturgeon have 
also altered their diet to include this new food source based on its increased prevalence in the 
benthic invertebrate community.   
 
4.2.3.4.3.2  Water Flow 
 
Within bays and estuaries adjacent to the Sacramento River (i.e., the Sacramento-San Joaquin 
Delta and the Suisun, San Pablo, and San Francisco bays), sufficient flow into the bay and 
estuary to allow adults to successfully orient to the incoming flow and migrate upstream to 
spawning grounds is required.  Sufficient flows are needed to attract adult green sturgeon to the 
Sacramento River from the bay and to initiate the upstream spawning migration into the upper 
river.  Currently, flows provide the necessary attraction to green sturgeon to enter the 
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Sacramento River.  Nevertheless, these flows are substantially less than what would have been 
available historically to stimulate the spawning migration. 
 
4.2.3.4.3.3  Water Quality 
 
Adequate water quality, including temperature, salinity, oxygen content, and other chemical 
characteristics, is necessary for normal behavior, growth, and viability of all life stages.  Suitable 
water temperatures for juvenile green sturgeon should be below 24°C (75oF).  At temperatures 
above 24°C, juvenile green sturgeon exhibit decreased swimming performance (Mayfield and 
Cech 2004) and increased cellular stress (Allen et al. 2006).  Suitable salinities in the estuary 
range from brackish water (10 ppt) to salt water (33 ppt).  Juveniles transitioning from brackish 
to salt water can tolerate prolonged exposure to salt water salinities, but may exhibit decreased 
growth and activity levels (Allen and Cech 2007), whereas subadults and adults tolerate a wide 
range of salinities (Kelly et al. 2007).  Subadult and adult green sturgeon occupy a wide range of 
DO levels, but may need a minimum DO level of at least 6.54 mg O2/l (Kelly et al. 2007, Moser 
and Lindley 2007).  As described above, adequate levels of DO are also required to support 
oxygen consumption by juveniles (ranging from 61.78 to 76.06 mg O2 hr-1 kg-1, Allen and Cech 
2007).  Suitable water quality also includes water free of contaminants (e.g., pesticides, 
organochlorines, elevated levels of heavy metals) that may disrupt the normal development of 
juvenile life stages, or the growth, survival, or reproduction of subadult or adult stages.  In 
general, water quality in the Delta and estuary meets these criteria, but local areas of the Delta 
and downstream bays have been identified as having deficiencies.  Water quality in the areas 
such as the Stockton turning basin and Port of Stockton routinely have depletions of DO and 
episodes of first flush contaminants from the surrounding industrial and urban watershed.  
Discharges of agricultural drain water have also been implicated in local elevations of pesticides 
and other related agricultural compounds within the Delta and the tributaries and sloughs feeding 
into the Delta.  Discharges from petroleum refineries in Suisun and San Pablo Bay have been 
identified as sources of selenium to the local aquatic ecosystem (Linville et al. 2002). 
 
4.2.3.4.3.4  Migratory Corridor 
 
Safe and unobstructed migratory pathways are necessary for the safe and timely passage of adult, 
sub-adult, and juvenile fish within the region’s different estuarine habitats and between the 
upstream riverine habitat and the marine habitats.  Within the waterways comprising the Delta, 
and bays downstream of the Sacramento River, safe and unobstructed passage is needed for 
juvenile green sturgeon during the rearing phase of their life cycle.  Rearing fish need the ability 
to freely migrate from the river through the estuarine waterways of the delta and bays and 
eventually out into the ocean.  Passage within the bays and the Delta is also critical for adults and 
subadults for feeding and summer holding, as well as to access the Sacramento River for their 
upstream spawning migrations and to make their outmigration back into the ocean.  Within bays 
and estuaries outside of the Delta and the areas comprised by Suisun, San Pablo, and San 
Francisco bays, safe and unobstructed passage is necessary for adult and subadult green sturgeon 
to access feeding areas, holding areas, and thermal refugia, and to ensure passage back out into 
the ocean.  Currently, safe and unobstructed passage has been diminished by human actions in 
the Delta and bays.  The CVP and SWP water projects alter flow patterns in the Delta due to 
export pumping and create entrainment issues in the Delta at the pumping and Fish Facilities.  
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Power generation facilities in Suisun Bay create risks of entrainment and thermal barriers 
through their operations of cooling water diversions and discharges.  Installation of seasonal 
barriers in the South Delta and operations of the radial gates in the DCC facilities alter migration 
corridors available to green sturgeon.  Actions such as the hydraulic dredging of ship channels 
and operations of large ocean going vessels create additional sources of risk to green sturgeon 
within the estuary.  Hydraulic dredging can result in the entrainment of fish into the dredger’s 
hydraulic cutterhead intake.  Commercial shipping traffic can result in the loss of fish, 
particularly adult fish, through ship and propeller strikes. 
 
4.2.3.4.3.5  Water Depth 
 
A diversity of depths is necessary for shelter, foraging, and migration of juvenile, subadult, and 
adult life stages.  Subadult and adult green sturgeon occupy deep (≥ 5 m) holding pools within 
bays and estuaries as well as within freshwater rivers.  These deep holding pools may be 
important for feeding and energy conservation, or may serve as thermal refugia for subadult and 
adult green sturgeon (Benson et al. 2007).  Tagged adults and subadults within the San Francisco 
Bay estuary primarily occupied waters over shallow depths of less than 10 m, either swimming 
near the surface or foraging along the bottom (Kelly et al. 2007).  In a study of juvenile green 
sturgeon in the Delta, relatively large numbers of juveniles were captured primarily in shallow 
waters from 3-8 feet deep, indicating juveniles may require shallower depths for rearing and 
foraging (Radtke 1966).  Thus, a diversity of depths is important to support different life stages 
and habitat uses for green sturgeon within estuarine areas. 
 
Currently, there is a diversity of water depths found throughout the San Francisco Bay estuary 
and Delta waterways.  Most of the deeper waters, however, are comprised of artificially 
maintained shipping channels, which do not migrate or fluctuate in response to the hydrology in 
the estuary in a natural manner.  The channels are simplified trapezoidal shapes with little 
topographical variation along the channel alignment.  Shallow waters occur throughout the Delta 
and San Francisco Bay.  Extensive “flats” occur in the lower reaches of the Sacramento and San 
Joaquin River systems as they leave the Delta region and are even more extensive in Suisun and 
San Pablo bays.  In most of the region, variations in water depth in these shallow water areas 
occur due to natural processes, with only localized navigation channels being dredged (e.g., the 
Napa River and Petaluma River channels in San Pablo Bay). 
 
4.2.3.4.3.6  Sediment Quality 
 
Sediment quality (i.e., chemical characteristics) is necessary for normal behavior, growth, and 
viability of all life stages.  This includes sediments free of contaminants (e.g., elevated levels of 
selenium, PAHs, and organochlorine pesticides) that can cause negative effects on all life stages 
of green sturgeon (see description of Sediment quality for riverine habitats above).   
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4.2.3.4.4  For Nearshore Coastal Marine Areas 
 
4.2.3.4.4.1  Migratory Corridor 
 
Safe and unobstructed migratory pathways are necessary for passage within marine coastal zones 
along the west coast of North America and between estuarine and marine habitats.  Subadult and 
adult green sturgeon spend as much as 13 years out at sea before returning to their natal rivers to 
spawn.  Safe and unobstructed passage within near shore marine waters is critical for subadult 
and adult green sturgeon to access over-summering habitats within coastal estuaries and over-
wintering habitats within coastal estuaries and coastal waters off of Vancouver Island, British 
Columbia.  Passage is also necessary for subadults and adults to migrate back to San Francisco 
Bay and to the Sacramento River for spawning.  Potential conflicts may occur in shipping 
corridors, areas with commercial bottom trawl fisheries, and coastal discharge of wastewater 
from sanitation facilities. 
 
4.2.3.4.4.2  Water Quality 
 
Nearshore marine waters should have adequate DO levels and be free of contaminants (e.g., 
pesticides, organochlorines, elevated levels of heavy metals) that may disrupt the normal 
behavior, growth, and viability of subadult and adult green sturgeon.  Based on studies of tagged 
subadult and adult green sturgeon in the San Francisco Bay estuary, California, and Willapa Bay, 
Washington, subadults and adults may need a minimum DO level of at least 6.54 mg O2/l (Kelly 
et al. 2007, Moser and Lindley 2007).  As described above, exposure to and bioaccumulation of 
contaminants may negatively affect the growth, reproductive development, and reproductive 
success of subadult and adult green sturgeon.  Thus, waters free of such contaminants would 
benefit the normal development of green sturgeon for optimal survival and spawning success.   
 
4.2.3.4.4.3  Food Resources 
 
Abundant food items for subadults and adults, which may include benthic invertebrates and fish, 
are important to the growth and viability of subadult and adult green sturgeon.  Green sturgeon 
spend from 3-13 years in marine waters, migrating long distances of up to 100 km per day 
(NMFS 2005a).  Although most tagged individuals swim at speeds too fast for feeding, some 
individuals swam at slower speeds and resided in areas over several days, indicating that they 
may be feeding.  Abundant food resources are important to support subadults and adults over 
long-distance migrations, and may be one of the factors attracting green sturgeon to habitats 
farther to the north (off the coast of Vancouver Island and Alaska) and to the south (Monterey 
Bay, California, and off the coast of southern California) of their natal habitat.  Although direct 
evidence is lacking, prey species are likely to include benthic invertebrates and fish species 
similar to those fed upon by green sturgeon in bays and estuaries (e.g., shrimp, clams, crabs, 
anchovies, sand lances).  Concentrations of these species in the near shore environment are likely 
to attract congregations of adult and sub-adult green sturgeon. 
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4.2.3.4.5  Southern DPS of North American Green Sturgeon Proposed Critical Habitat 
Summary 
 
The current condition of proposed critical habitat for the Southern DPS of green sturgeon is 
degraded over its historical conditions.  It does not provide the full extent of conservation values 
necessary for the recovery of the species, particularly in the upstream riverine habitat.  In 
particular, passage and water flow PCEs have been impacted by human actions, substantially 
altering the historical river characteristics in which the Southern DPS of green sturgeon evolved.  
The habitat values proposed for green sturgeon critical habitat have suffered similar types of 
degradation as already described for winter-run critical habitat.  In addition, the alterations to the 
Sacramento-San Joaquin River Delta may have a particularly strong impact on the survival and 
recruitment of juvenile green sturgeon due to the protracted rearing time in the delta and estuary.  
Loss of individuals during this phase of the life history of green sturgeon represents losses to 
multiple year classes rearing in the Delta, which can ultimately impact the potential population 
structure for decades to come. 
 
4.2.4  Factors Responsible for the Current Status of Winter-Run, Spring-Run, CV 
Steelhead, and the Southern DPS of Green Sturgeon 
 
Although the geographic extent of winter-run, spring-run, CV steelhead, and the Southern DPS 
of green sturgeon are different, much of their freshwater habitat overlap, and therefore, most of 
the factors responsible for their current statuses are similar.  Therefore, each of the following 
factors applies to winter-run, spring-run, CV steelhead, and the Southern DPS of green sturgeon, 
unless specified.. 
 
4.2.4.1  Habitat Blockage 
 
Hydropower, flood control, and water supply dams of the CVP, SWP, and other municipal and 
private entities have permanently blocked or hindered salmonid access to historical spawning 
and rearing grounds.  Clark (1929) estimated that originally there were 6,000 linear miles of 
salmon habitat in the Central Valley system and that 80 percent of this habitat had been lost by 
1928.  Yoshiyama et al. (1996) calculated that roughly 2,000 linear miles of salmon habitat was 
actually available before dam construction and mining, and concluded that 82 percent is not 
accessible today.  The percentage of habitat loss for steelhead is presumable greater, because 
steelhead were more extensively distributed upstream than Chinook salmon. 
 
As a result of migrational barriers, winter-run, spring-run, and steelhead populations have been 
confined to lower elevation mainstems that historically only were used for migration and rearing.  
Population abundances have declined in these streams due to decreased quantity, quality, and 
spatial distribution of spawning and rearing habitat (Lindley et al. 2009).  Higher temperatures at 
these lower elevations during late-summer and fall are also a major stressor to adult and juvenile 
salmonids.  According to Lindley et al. (2004), of the four independent populations of winter-run 
that occurred historically, only one mixed stock of winter-run remains below Keswick Dam.  

 134 
 



Similarly, of the 19 independent populations5 of spring-run that occurred historically, only three 
independent populations remain in Deer, Mill, and Butte Creeks.  Dependent populations of 
spring-run continue to occur in Big Chico, Antelope, Clear, Thomes, and Beegum creeks and the 
Yuba River, but rely on the extant independent populations for their continued survival.  CV 
steelhead historically had at least 81 independent populations based on Lindley et al.’s (2006) 
analysis of potential habitat in the Central Valley.  However, due to dam construction, access to 
38 percent of all spawning habitat has been lost, as well as access to 80 percent of the historically 
available habitat. 
 
Juvenile downstream migration patterns have been altered by the presence of dams.  Juvenile 
winter-run, and spring-run on the mainstem Sacramento River, arrive at any given location 
downstream of Keswick Dam earlier than historical, since they are hatched much further 
downstream and have less distance to travel.  Therefore, in order smolt at the same size and time 
as historical, they must rear longer within the Sacramento River.  However, as will be discussed 
in sections 4.2.4.2, 4.2.4.4 through 4.2.4.7, and 4.2.4.10, below, the mainstem Sacramento River 
is not conducive to the necessary habitat features that provide suitable rearing habitat for listed 
anadromous fish species, especially for an extended duration of time.   
 
The SMSCG, located on Montezuma Slough, were installed in 1988, and are operated with gates 
and flashboards to decrease the salinity levels of managed wetlands in Suisun Marsh.  The 
SMSCG have delayed or blocked passage of adult Chinook salmon migrating upstream 
(Edwards et al. 1996, Tillman et al. 1996, DWR 2002a).  As a result of the SMSCG fish passage 
study and a term and condition in NMFS’ 2004 CVP/SWP operations Opinion, the boat lock has 
remained open since the 2001-2002 control season (CVP/SWP operations BA), and adult fish 
passage has improved. 
 
RBDD impedes adult salmonid passage throughout its May 15 through September 15 gates in 
period.  Although there are fish ladders at the right and left banks, and a temporary ladder in the 
middle of the dam, they are not very efficient at passing fish.  The range of effects resulting from 
upstream migrational delays at RBDD include delayed, but eventually successful spawning, to 
prespawn mortality and the complete loss of spawning potential in that fraction of the 
population. 
 
4.2.4.2  Water Development  
 
The diversion and storage of natural flows by dams and diversion structures on Central Valley 
waterways have depleted streamflows and altered the natural cycles by which juvenile and adult 
salmonids base their migrations.  As much as 60 percent of the natural historical inflow to 
Central Valley watersheds and the Delta have been diverted for human uses.  Depleted flows 
have contributed to higher temperatures, lower dissolved oxygen (DO) levels, and decreased 
recruitment of gravel and large woody debris (LWD).  More uniform flows year round have 
resulted in diminished natural channel formation, altered food web processes, and slower 
regeneration of riparian vegetation.  These stable flow patterns have reduced bedload movement 
                                                 
5 Lindley et al. (2007) identified evidence supporting the Deer and Mill Creek populations as individual independent 

populations, and also as one combined independent population.  For the purpose of this Opinion, we treat the Deer 
and Mill Creek populations as individual independent populations. 
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(Mount 1995, Ayers 2001), caused spawning gravels to become embedded, and decreased 
channel widths due to channel incision, all of which has decreased the available spawning and 
rearing habitat below dams.  The storage of unimpeded runoff in these large reservoirs also has 
altered the normal hydrograph for the Sacramento and San Joaquin River watersheds.  Rather 
than seeing peak flows in these river systems following winter rain events (Sacramento River) or 
spring snow melt (San Joaquin River), the current hydrology has truncated peaks with a 
prolonged period of elevated flows (compared to historical levels) continuing into the summer 
dry season. 
 
Water withdrawals, for agricultural and municipal purposes, have reduced river flows and 
increased temperatures during the critical summer months, and in some cases, have been of a 
sufficient magnitude to result in reverse flows in the lower San Joaquin River (Reynolds et al. 
1993).  Direct relationships exist between water temperature, water flow, and juvenile salmonid 
survival (Brandes and McLain 2001).  Elevated water temperatures in the Sacramento River have 
limited the survival of young salmon in those waters.  Juvenile fall-run survival in the 
Sacramento River is also directly related to June streamflow and June and July Delta outflow 
(Dettman et al. 1987). 
 
Water diversions for irrigated agriculture, municipal and industrial use, and managed wetlands 
are found throughout the Central Valley.  Thousands of small and medium-size water diversions 
exist along the Sacramento River, San Joaquin River, and their tributaries.  Although efforts have 
been made in recent years to screen some of these diversions, many remain unscreened.  
Depending on the size, location, and season of operation, these unscreened diversions entrain and 
kill many life stages of aquatic species, including juvenile salmonids.  For example, as of 1997, 
98.5 percent of the 3,356 diversions included in a Central Valley database were either 
unscreened or screened insufficiently to prevent fish entrainment (Herren and Kawasaki 2001).  
Most of the 370 water diversions operating in Suisun Marsh are unscreened (Herren and 
Kawasaki 2001). 
 
Outmigrant juvenile salmonids in the Delta have been subjected to adverse environmental 
conditions created by water export operations at the CVP and SWP facilities.  Specifically, 
juvenile salmonid survival has been reduced by:  (1) water diversion from the mainstem 
Sacramento River into the Central Delta via the Delta Cross Channel (DCC); (2) upstream or 
reverse flows of water in the lower San Joaquin River and southern Delta waterways; (3) 
entrainment at the CVP/SWP export facilities and associated problems at Clifton Court Forebay; 
and (4) increased exposure to introduced, non-native predators such as striped bass (Morone 
saxatilis), largemouth bass (Micropterus salmoides), and sunfishes (Centrarchidae spp.) within 
the waterways of the Delta while moving through the Delta under the influence of CVP/SWP 
pumping. 
 
4.2.4.3  Anderson-Cottonwood Irrigation District (ACID) Dam 
 
The ACID operates a diversion dam across the Sacramento River located 5 miles downstream 
from Keswick Dam.  ACID is one of the 3 largest diversions on the Sacramento River and has 
senior water rights of 128 thousand acre feet (TAF) of water since 1916 for irrigation along the 
west side of the Sacramento River.  The installation and removal of the diversion dam 
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flashboards requires close coordination between Reclamation and ACID.  The diversion dam is 
operated from April through October.  Substantial reductions in Keswick releases to install or 
remove the flashboards have resulted in dewatered redds, stranded juveniles, and higher water 
temperatures.  Based on run timing (table 5-1), the diversion dam operations could impact 
winter-run, spring-run, fall-run and green sturgeon.  Redd dewatering would mostly likely affect 
spring-run and fall-run in October, however, the reductions in flows are usually short-term, 
lasting less than 8 hours.  Such short-term reductions in flows may cause some mortality of 
incubating eggs and loss of stranded juveniles.  Reductions in Keswick releases are limited to 15 
percent in a 24-hour period and 2.5 percent in any 1 hour.  Experience with real-time operations 
has shown that the most significant reductions occur during wet years when Shasta releases are 
higher than 10,000 cubic feet per second (cfs).  Average April releases from Keswick are 6,000 
to 7,000 cfs.  The likelihood of a flow fluctuation occurring (when Shasta storage > 4.5 MAF in 
April) is 17 percent, or 14 out of the 82-year historical record.  During wet years, flows released 
from Shasta Dam are typically higher than in drier water year types.  The amount of flow that 
needs to be reduced to get to safe operating levels for the installation of the flashboards at the 
ACID dam is therefore greater and the wetted area reduction downstream of Keswick Dam is 
thus greater.  The likelihood of an October reduction in flows that could dewater redds is even 
lower, since average releases are 6,000 cfs in all water year types. 
 
Green sturgeon adults that migrate upstream in April, May, and June are are completely blocked 
by the ACID diversion dam.  Therefore, 5 miles of spawning habitat are inaccessible upstream of 
the diversion dam.  It is unknown if spawning is occurring in this area.  Adults that pass 
upstream of the diversion dam before April are forced to wait 6 months until the stop logs are 
pulled before returning downstream to the ocean.  Upstream blockage forces sturgeon to spawn 
in approximately 12 percent less habitat between Keswick Dam and RBDD.  Newly-emerged 
green sturgeon larvae that hatch upstream of the ACID diversion dam would be forced to hold 
for 6 months upstream of the dam or pass over it and be subjected to higher velocities and 
turbulent flow below the dam, thus rendering the larvae and juvenile green sturgeon more 
susceptible to predation. 
   
The ACID diversion dam was improved in 2001 with the addition of new fish ladders and fish 
screens around the diversion.  Since upstream passage was improved a substantial shift in winter-
run spawning has occurred.  In recent years, more than half of the winter-run redds have 
typically been observed above the ACID diversion dam (Killam 2008).  This makes flow 
fluctuations more a concern since such a large proportion of the run is spawning so close to 
Keswick Dam.   
 
4.2.4.4  Red Bluff Diversion Dam (RBDD) 
 
RBDD is owned and operated by Reclamation.  The TCCA operates the Corning Canal and 
Tehama-Colusa Canal, which divert up to 328 TAF from the Sacramento River.  RBDD is 
located 59 miles downstream of Keswick Dam.  It blocks or delays adult salmonids and sturgeon 
migrating upstream to various degrees, depending on run timing.  Based on various studies 
(Vogel et al. 1988; Hallock 1989; and CDFG 1998), the CVP/SWP operations BA states, 
“Problems in salmonid passage at RBDD provide a well-documented example of a diversion 
facility impairing salmon migration.”  
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A portion of the winter-run adults encounter the gates down and are forced to use the fish 
ladders.  There are 3 fish ladders on RBDD, one on each side and one temporary ladder in the 
middle of the dam.  The RBDD fish ladders are not efficient at passing adult salmonids due to 
the inability of salmon to find the entrances.  Water released from RBDD flows through a small 
opening under 11 gates across the river, causing turbulent flows that confuse fish and keep them 
from finding the ladders.  The fish ladders are not designed to allow enough water through them 
to attract adult salmonids towards them.  Previous studies (Vogel, USFWS) have shown that 
salmon can be delayed up to 20 days in passing the dam.  These delays can reduce the fitness of 
adults that expend their energy reserves fighting the flows beneath the gates, and increase the 
chance of prespawn mortality.  Run timing is critical to salmon, as it is what distinguishes one 
race from another.  Delays of a week or even days in passage likely prevents some spring-run 
adults (those that encounter gates down in May and June) from entering tributaries above RBDD 
that dry up or warm up in the spring (e.g., Cottonwood Creek, Cow Creek).  These delays have 
the potential of preventing these fish from accessing summer holding pools in the upper areas of 
the creeks.   
 
4.2.4.5  Water Conveyance and Flood Control 
 
The development of the water conveyance system in the Delta has resulted in the construction of 
armored, rip-rapped levees on more than 1,100 miles of channels and diversions to increase 
channel elevations and flow capacity of the channels (Mount 1995).  Levee development in the 
Central Valley affects spawning habitat, freshwater rearing habitat, freshwater migration 
corridors, and estuarine habitat PCEs.  As Mount (1995) indicates, there is an “underlying, 
fundamental conflict inherent in this channelization.”  Natural rivers strive to achieve dynamic 
equilibrium to handle a watershed’s supply of discharge and sediment (Mount 1995).  The 
construction of levees disrupts the natural processes of the river, resulting in a multitude of 
habitat-related effects, including isolation of the watershed’s natural floodplain behind the levee 
from the active river channel and its fluctuating hydrology. 
 
Many of these levees use angular rock (riprap) to armor the bank from erosive forces.  The 
effects of channelization, and riprapping, include the alteration of river hydraulics and cover 
along the bank as a result of changes in bank configuration and structural features (Stillwater 
Sciences 2006).  These changes affect the quantity and quality of nearshore habitat for juvenile 
salmonids and have been thoroughly studied (USFWS 2000, Schmetterling et al. 2001, Garland 
et al. 2002).  Simple slopes protected with rock revetment generally create nearshore hydraulic 
conditions characterized by greater depths and faster, more homogeneous water velocities than 
occur along natural banks.  Higher water velocities typically inhibit deposition and retention of 
sediment and woody debris.  These changes generally reduce the range of habitat conditions 
typically found along natural shorelines, especially by eliminating the shallow, slow-velocity 
river margins used by juvenile fish as refuge and to escape from fast currents, deep water, and 
predators (Stillwater Sciences 2006). 
 
Prior to the 1970s, there was so much debris resulting from poor logging practices that many 
streams were completely clogged and were thought to have been total barriers to fish migration.  
As a result, in the 1960s and early 1970s it was common practice among fishery management 
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agencies to remove woody debris thought to be a barrier to fish migration (NMFS 1996b).  
However, it is now recognized that too much LWD was removed from the streams resulting in a 
loss of salmonid habitat and it is thought that the large scale removal of woody debris prior to 
1980 had major, long-term negative effects on rearing habitats for salmonids in northern 
California (NMFS 1996b).  Areas that were subjected to this removal of LWD are still limited in 
the recovery of salmonid stocks; this limitation could be expected to persist for 50 to 100 years 
following removal of the debris. 
 
Large quantities of downed trees are a functionally important component of many streams 
(NMFS 1996b).  LWD influences stream morphology by affecting channel pattern, position, and 
geometry, as well as pool formation (Keller and Swanson 1979, Bilby 1984, Robison and 
Beschta 1990).  Reduction of wood in the stream channel, either from past or present activities, 
generally reduces pool quantity and quality, alters stream shading which can affect water 
temperature regimes and nutrient input, and can eliminate critical stream habitat needed for both 
vertebrate and invertebrate populations.  Removal of vegetation also can destabilize marginally 
stable slopes by increasing the subsurface water load, lowering root strength, and altering water 
flow patterns in the slope. 
 
In addition, the armoring and revetment of stream banks tends to narrow rivers, reducing the 
amount of habitat per unit channel length (Sweeney et al. 2004).  As a result of river narrowing, 
benthic habitat decreases and the number of macroinvertebrates, such as stoneflies and mayflies, 
per unit channel length decreases, affecting salmonid food supply.   
 
4.2.4.6  Land Use Activities 
 
Land use activities continue to have large impacts on salmonid habitat in the Central Valley 
watershed.  Until about 150 years ago, the Sacramento River was bordered by up to 500,000 
acres of riparian forest, with bands of vegetation extending outward for 4 or 5 miles (California 
Resources Agency 1989).  Starting with the gold rush, these vast riparian forests were cleared for 
building materials, fuel, and to clear land for farms on the raised natural levee banks.  The 
degradation and fragmentation of riparian habitat continued with extensive flood control and 
bank protection projects, together with the conversion of the fertile riparian lands to agriculture 
outside of the natural levee belt.  By 1979, riparian habitat along the Sacramento River 
diminished to 11,000 to 12,000 acres, or about 2 percent of historic levels (McGill 1987).  The 
clearing of the riparian forests removed a vital source of snags and driftwood in the Sacramento 
and San Joaquin River basins.  This has reduced the volume of LWD input needed to form and 
maintain stream habitat that salmon depend on in their various life stages.  In addition to this loss 
of LWD sources, removal of snags and obstructions from the active river channel for 
navigational safety has further reduced the presence of LWD in the Sacramento and San Joaquin 
Rivers, as well as the Delta. 
 
Increased sedimentation resulting from agricultural and urban practices within the Central Valley 
is one of the primary causes of salmonid habitat degradation (NMFS 1996a).  Sedimentation can 
adversely affect salmonids during all freshwater life stages by:  clogging or abrading gill 
surfaces, adhering to eggs, hampering fry emergence (Phillips and Campbell 1961), burying eggs 
or alevins, scouring and filling in pools and riffles, reducing primary productivity and 
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photosynthesis activity (Cordone and Kelley 1961), and affecting intergravel permeability and 
DO levels.  Excessive sedimentation over time can cause substrates to become embedded, which 
reduces successful salmonid spawning and egg and fry survival (Waters 1995). 
 
Land use activities associated with road construction, urban development, logging, mining, 
agriculture, and recreation have significantly altered fish habitat quantity and quality through the 
alteration of streambank and channel morphology; alteration of ambient water temperatures; 
degradation of water quality; elimination of spawning and rearing habitat; fragmentation of 
available habitats; elimination of downstream recruitment of LWD; and removal of riparian 
vegetation, resulting in increased streambank erosion (Meehan 1991).  Urban stormwater and 
agricultural runoff may be contaminated with herbicides and pesticides, petroleum products, 
sediment, etc.  Agricultural practices in the Central Valley have eliminated large trees and logs 
and other woody debris that would otherwise be recruited into the stream channel (NMFS 
1998a). 
 
Since the 1850s, wetlands reclamation for urban and agricultural development has caused the 
cumulative loss of 79 and 94 percent of the tidal marsh habitat in the Delta downstream and 
upstream of Chipps Island, respectively (Conomos et al. 1985, Nichols et al. 1986, Wright and 
Phillips 1988, Monroe et al. 1992, Goals Project 1999).  Prior to 1850, approximately 1400 km2 
of freshwater marsh surrounded the confluence of the Sacramento and San Joaquin Rivers, and 
another 800 km2 of saltwater marsh fringed San Francisco Bay’s margins.  Of the original 2,200 
km2 of tidally influenced marsh, only about 125 km2 of undiked marsh remains today.  In Suisun 
Marsh, saltwater intrusion and land subsidence gradually has led to the decline of agricultural 
production.  Presently, Suisun Marsh consists largely of tidal sloughs and managed wetlands for 
duck clubs, which first were established in the 1870s in western Suisun Marsh (Goals Project 
1999).  Even more extensive losses of wetland marshes occurred in the Sacramento and San 
Joaquin River Basins.  Little of the extensive tracts of wetland marshes that existed prior to 1850 
along the valley’s river systems and within the natural flood basins exist today.  Most has been 
“reclaimed” for agricultural purposes, leaving only small remnant patches. 
 
Dredging of river channels to enhance inland maritime trade and to provide raw material for 
levee construction has significantly and detrimentally altered the natural hydrology and function 
of the river systems in the Central Valley.  Starting in the mid-1800s, the Corps and private 
consortiums began straightening river channels and artificially deepening them to enhance 
shipping commerce.  This has led to declines in the natural meandering of river channels and the 
formation of pool and riffle segments.  The deepening of channels beyond their natural depth 
also has led to a significant alteration in the transport of bedload in the riverine system as well as 
the local flow velocity in the channel (Mount 1995).  The Sacramento Flood Control Project at 
the turn of the nineteenth century ushered in the start of large scale Corps actions in the Delta 
and along the rivers of California for reclamation and flood control.  The creation of levees and 
the deep shipping channels reduced the natural tendency of the San Joaquin and Sacramento 
Rivers to create floodplains along their banks with seasonal inundations during the wet winter 
season and the spring snow melt periods.  These annual inundations provided necessary habitat 
for rearing and foraging of juvenile native fish that evolved with this flooding process.  The 
armored riprapped levee banks and active maintenance actions of Reclamation Districts 
precluded the establishment of ecologically important riparian vegetation, introduction of 
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valuable LWD from these riparian corridors, and the productive intertidal mudflats characteristic 
of the undisturbed Delta habitat. 
 
Urban stormwater and agricultural runoff may be contaminated with pesticides, oil, grease, 
heavy metals, polycyclic aromatic hydrocarbons (PAHs), and other organics and nutrients 
[California Regional Water Quality Control Board-Central Valley Region (Regional Board) 
1998] that can destroy aquatic life necessary for salmonid survival (NMFS 1996a, b).  Point 
source (PS) and non-point source (NPS) pollution occurs at almost every point that urbanization 
activity influences the watershed.  Impervious surfaces (i.e., concrete, asphalt, and buildings) 
reduce water infiltration and increase runoff, thus creating greater flood hazard (NMFS 1996a, 
b).  Flood control and land drainage schemes may increase the flood risk downstream by 
concentrating runoff.  A flashy discharge pattern results in increased bank erosion with 
subsequent loss of riparian vegetation, undercut banks and stream channel widening.  In addition 
to the PS and NPS inputs from urban runoff, juvenile salmonids are exposed to increased water 
temperatures as a result of thermal inputs from municipal, industrial, and agricultural discharges. 
 
Past mining activities routinely resulted in the removal of spawning gravels from streams, the 
straightening and channelization of the stream corridor from dredging activities, and the leaching 
of toxic effluents into streams from mining operations.  Many of the effects of past mining 
operations continue to impact salmonid habitat today.  Current mining practices include suction 
dredging (sand and gravel mining), placer mining, lode mining and gravel mining.  Present day 
mining practices are typically less intrusive than historic operations (hydraulic mining); however, 
adverse impacts to salmonid habitat still occur as a result of present-day mining activities.  Sand 
and gravel are used for a large variety of construction activities including base material and 
asphalt, road bedding, drain rock for leach fields, and aggregate mix for concrete to construct 
buildings and highways.  
 
Most aggregate is derived principally from pits in active floodplains, pits in inactive river terrace 
deposits, or directly from the active channel.  Other sources include hard rock quarries and 
mining from deposits within reservoirs.  Extraction sites located along or in active floodplains 
present particular problems for anadromous salmonids.  Physical alteration of the stream channel 
may result in the destruction of existing riparian vegetation and the reduction of available area 
for seedling establishment (Stillwater Sciences 2002).  Loss of vegetation impacts riparian and 
aquatic habitat by causing a loss of the temperature moderating effects of shade and cover, and 
habitat diversity.  Extensive degradation may induce a decline in the alluvial water table, as the 
banks are effectively drained to a lowered level, affecting riparian vegetation and water supply 
(NMFS 1996b).  Altering the natural channel configuration will reduce salmonid habitat 
diversity by creating a wide, shallow channel lacking in the pools and cover necessary for all life 
stages of anadromous salmonids.  In addition, waste products resulting from past and present 
mining activities, include cyanide (an agent used to extract gold from ore), copper, zinc, 
cadmium, mercury, asbestos, nickel, chromium, and lead. 
 
Juvenile salmonids are exposed to increased water temperatures in the Delta during the late 
spring and summer due to the loss of riparian shading, and by thermal inputs from municipal, 
industrial, and agricultural discharges.  Studies by DWR on water quality in the Delta over the 
last 30 years show a steady decline in the food sources available for juvenile salmonids and 
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sturgeon and an increase in the clarity of the water due to a reduction in phytoplankton and 
zooplankton.  These conditions have contributed to increased mortality of juvenile Chinook 
salmon and steelhead as they move through the Delta. 
 
The following are excerpts from Lindley et al. (2009): 

“The long-standing and ongoing degradation of freshwater and estuarine habitats and the 
subsequent heavy reliance on hatchery production were also likely contributors to the 
collapse of the [fall-run] stock.  Degradation and simplification of freshwater and estuary 
habitats over a century and a half of development have changed the Central Valley Chinook 
salmon complex from a highly diverse collection of numerous wild populations to one 
dominated by fall Chinook salmon from four large hatcheries.”  
 
“In conclusion, the development of the Sacramento-San Joaquin watershed has greatly 
simplified and truncated the once-diverse habitats that historically supported a highly diverse 
assemblage of populations.  The life history diversity of this historical assemblage would 
have buffered the overall abundance of Chinook salmon in the Central Valley under varying 
climate conditions.” 

 
4.2.4.7  Water Quality 
 
The water quality of the Delta has been negatively impacted over the last 150 years.  Increased 
water temperatures, decreased DO levels, and increased turbidity and contaminant loads have 
degraded the quality of the aquatic habitat for the rearing and migration of salmonids.  Some 
common pollutants include effluent from wastewater treatment plants and chemical discharges 
such as dioxin from San Francisco bay petroleum refineries (McEwan and Jackson 1996 op cit. 
CVP/SWP operations BA).  In addition, agricultural drain water, another possible source of 
contaminants, can contribute up to 30 percent of the total inflow into the Sacramento River 
during the low-flow period of a dry year (CVP/SWP operations BA).  The Regional Board, in its 
1998 Clean Water Act §303(d) list characterized the Delta as an impaired waterbody having 
elevated levels of chlorpyrifos, dichlorodiphenyltrichlor (i.e. DDT), diazinon, electrical 
conductivity, Group A pesticides [aldrin, dieldrin, chlordane, endrin, heptachlor, heptachlor 
epoxide, hexachlorocyclohexanes (including lindane), endosulfan and toxaphene], mercury, low 
DO, organic enrichment, and unknown toxicities (Regional Board 1998, 2001). 
 
In general, water degradation or contamination can lead to either acute toxicity, resulting in death 
when concentrations are sufficiently elevated, or more typically, when concentrations are lower, 
to chronic or sublethal effects that reduce the physical health of the organism, and lessens its 
survival over an extended period of time.  Mortality may become a secondary effect due to 
compromised physiology or behavioral changes that lessen the organism's ability to carry out its 
normal activities.  For example, increased levels of heavy metals are detrimental to the health of 
an organism because they interfere with metabolic functions by inhibiting key enzyme activity in 
metabolic pathways, decrease neurological function, degrade cardiovascular output, and act as 
mutagens, teratogens or carcinogens in exposed organisms (Rand et al. 1995, Goyer 1996).  For 
listed species, these effects may occur directly to the listed fish or to its prey base, which reduces 
the forage base available to the listed species. 
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In the aquatic environment, most anthropogenic chemicals and waste materials, including toxic 
organic and inorganic chemicals eventually accumulate in sediment (Ingersoll 1995).  Direct 
exposure to contaminated sediments may cause deleterious effects to listed salmonids and green 
sturgeon.  This may occur if a fish swims through a plume of the resuspended sediments or rests 
on contaminated substrate and absorbs the toxic compounds through one of several routes: 
dermal contact, ingestion, or uptake across the gills.  Elevated contaminant levels may be found 
in localized “hot spots” where discharge occurs or where river currents deposit sediment loads.  
Sediment contaminant levels can thus be significantly higher than the overlying water column 
concentrations [Environmental Protection Agency (EPA) 1994].  However, the more likely route 
of exposure to salmonids or sturgeon is through the food chain, when the fish feed on organisms 
that are contaminated with toxic compounds.  Prey species become contaminated either by 
feeding on the detritus associated with the sediments or dwelling in the sediment itself.  
Therefore, the degree of exposure to the salmonids depends on their trophic level and the amount 
of contaminated forage base they consume.  Response of salmonids to contaminated sediments is 
similar to water borne exposures once the contaminant has entered the body of the fish. 
 
4.2.4.8   Hatchery Operations and Practices 
 
Five hatcheries currently produce Chinook salmon in the Central Valley, and four of these also 
produce steelhead.  Releasing large numbers of hatchery fish can pose a threat to wild Chinook 
salmon and steelhead stocks through genetic impacts, competition for food and other resources 
between hatchery and wild fish, predation of hatchery fish on wild fish, and increased fishing 
pressure on wild stocks as a result of hatchery production (Waples 1991).  The genetic impacts 
of artificial propagation programs in the Central Valley are primarily caused by straying of 
hatchery fish and the subsequent interbreeding of hatchery fish with wild fish.  In the Central 
Valley, practices such as transferring eggs between hatcheries and trucking smolts to distant sites 
for release contribute to elevated straying levels [U.S. Department of the Interior (DOI) 1999].  
For example, Nimbus Hatchery on the American River rears Eel River steelhead stock and 
releases these fish in the Sacramento River basin.  One of the recommendations in the Joint 
Hatchery Review Report (NMFS and CDFG 2001) was to identify and designate new sources of 
steelhead brood stock to replace the current Eel River origin brood stock. 
 
Hatchery practices as well as spatial and temporal overlaps of habitat use and spawning activity 
between spring- and fall-run fish have led to the hybridization and homogenization of some 
subpopulations (CDFG 1998).  As early as the 1960s, Slater (1963) observed that spring-run and 
early fall-run were competing for spawning sites in the Sacramento River below Keswick Dam, 
and speculated that the two runs may have hybridized.  Spring-run from the FRFH have been 
documented as straying throughout the Central Valley for many years (CDFG 1998), and in 
many cases have been recovered from the spawning grounds of fall-run, an indication that FRFH 
spring-run may exhibit fall-run life history characteristics.  Although the degree of hybridization 
has not been comprehensively determined, it is clear that the populations of spring-run spawning 
in the Feather River and counted at RBDD contain hybridized fish. 
 
The management of hatcheries, such as Nimbus Fish Hatchery and FRFH, can directly impact 
spring-run and steelhead populations by oversaturating the natural carrying capacity of the 
limited habitat available below dams.  In the case of the Feather River, significant redd 
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superimposition occurs in-river due to hatchery overproduction and the inability to physically 
separate spring-run and fall-run adults.  This concurrent spawning has led to hybridization 
between the spring-run and fall-run in the Feather River.  At Nimbus Hatchery, operating Folsom 
Dam to meet temperature requirements for returning hatchery fall-run often limits the amount if 
water available for steelhead spawning and rearing the rest of the year. 
 
The increase in Central Valley hatchery production has reversed the composition of the steelhead 
population, from 88 percent naturally-produced fish in the 1950s (McEwan 2001) to an estimated 
23 to 37 percent naturally-produced fish currently (Nobriga and Cadrett 2003).  The increase in 
hatchery steelhead production proportionate to the wild population has reduced the viability of 
the wild steelhead populations, increased the use of out-of-basin stocks for hatchery production, 
and increased straying (NMFS and CDFG 2001).  Thus, the ability of natural populations to 
successfully reproduce and continue their genetic integrity likely has been diminished.  
 
The relatively low number of spawners needed to sustain a hatchery population can result in high 
harvest-to-escapements ratios in waters where fishing regulations are set according to hatchery 
population.  This can lead to over-exploitation and reduction in the size of wild populations 
existing in the same system as hatchery populations due to incidental bycatch (McEwan 2001).  
 
Hatcheries also can have some positive effects on salmonid populations.  Winter-run produced in 
the LSNFH are considered part of the winter-run ESU.  Spring-run produced in the FRFH are 
considered part of the spring-run ESU.  Artificial propagation has been shown to be effective in 
bolstering the numbers of naturally spawning fish in the short term under specific scenarios.  
Artificial propagation programs can also aid in conserving genetic resources and guarding 
against catastrophic loss of naturally spawned populations at critically low abundance levels, as 
was the case with the winter-run population during the 1990s.  However, relative abundance is 
only one component of a viable salmonid population.  
 
4.2.4.9  Over Utilization 
 
4.2.4.9.1  Ocean Commercial and Sport Harvest – Chinook Salmon and Steelhead  
 
Extensive ocean recreational and commercial troll fisheries for Chinook salmon exist along the 
Northern and Central California coast, and an inland recreational fishery exists in the Central 
Valley for Chinook salmon and steelhead.  Ocean harvest of Central Valley Chinook salmon is 
estimated using an abundance index, called the Central Valley Index (CVI) harvest index.  The 
CVI harvest index is the ocean harvest landed south of Point Arena divided by the CVI.  The 
CVI is the sum of ocean fishery Chinook salmon harvested in the area south of Point Arena 
(where 85 percent of Central Valley Chinook salmon are caught), plus the Central Valley adult 
Chinook salmon escapement.  Coded wire tag (CWT) returns indicate that Sacramento River 
salmon congregate off the California coast between Point Arena and Morro Bay. 
 
Since 1970, the CVI harvest index for winter-run generally has ranged between 0.50 and 0.80.  
In 1990, when ocean harvest of winter-run was first evaluated by NMFS and the Pacific 
Fisheries Management Council (PFMC), the CVI harvest index was near the highest recorded 
level at 0.79.  NMFS determined in a 1991 biological opinion that continuance of the 1990 ocean 
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harvest rate would not prevent the recovery of winter-run.  In addition, the final rule designating 
winter-run critical habitat (June 16, 1993, 58 FR 33212) stated that commercial and recreational 
fishing do not appear to be significant factors in the decline of the species.  Through the early 
1990s, the ocean harvest index was below the 1990 level (i.e., 0.71 in 1991 and 1992, 0.72 in 
1993, 0.74 in 1994, 0.78 in 1995, and 0.64 in 1996).  NMFS (1996) and NMFS (1997b) 
concluded that incidental ocean harvest of winter-run represented a significant source of 
mortality to the endangered population, even though ocean harvest was not a key factor leading 
to the decline of the population.  As a result of these biological opinions, measures were 
developed and implemented by the PFMC, NMFS, and CDFG to reduce ocean harvest by 
approximately 50 percent.  In 2001, the CVI harvest index dropped to 0.27, most likely due to 
the reduction in harvest and the higher abundance of salmonids originating from the Central 
Valley (Good et al. 2005).  
 
Ocean fisheries have affected the age structure of spring-run through targeting large fish for 
many years and reducing the numbers of 4- and 5-year-old fish (CDFG 1998).  Winter-run 
spawners have also been affected by ocean fisheries, as most spawners return as 3-year olds.  As 
a result of very low returns of fall-run to the Central Valley in 2007, there was a complete 
closure of the commercial and recreational ocean Chinook salmon fishery in 2008.  As a result of 
not having been subjected to fishing pressure, there will likely be more 4- and 5-year old winter-
run and spring-run returning to spawn in 2009. 
 
Harvest rates of spring-run ranged from 0.55 to nearly 0.80 between 1970 and 1995 when 
harvest rates were adjusted for the protection of winter-run.  The drop in the CVI harvest index 
to 0.27 in 2001 as a result of high fall-run escapement also resulted in reducing the authorized 
harvest of spring-run.  There is essentially no ocean harvest of steelhead. 
 
4.2.4.9.2  Inland Sport Harvest – Chinook Salmon and Steelhead 
 
Historically in California, almost half of the river sport fishing effort was in the Sacramento-San 
Joaquin River system, particularly upstream from the city of Sacramento (Emmett et al. 1991).  
Since 1987, the Fish and Game Commission has adopted increasingly stringent regulations to 
reduce and virtually eliminate the in-river sport fishery for winter-run.  Present regulations 
include a year-round closure to Chinook salmon fishing between Keswick Dam and the 
Deschutes Road Bridge and a rolling closure to Chinook salmon fishing on the Sacramento River 
between the Deschutes River Bridge and the Carquinez Bridge.  The rolling closure spans the 
months that migrating adult winter-run are ascending the Sacramento River to their spawning 
grounds.  These closures have virtually eliminated impacts on winter-run caused by recreational 
angling in freshwater.  In 1992, the California Fish and Game Commission adopted gear 
restrictions (all hooks must be barbless and a maximum of 5.7 cm in length) to minimize 
hooking injury and mortality of winter-run caused by trout anglers.  That same year, the 
Commission also adopted regulations, which prohibited any salmon from being removed from 
the water to further reduce the potential for injury and mortality.  
 
In-river recreational fisheries historically have taken spring-run throughout the species’ range.  
During the summer, adult spring-run are easily targeted by anglers when they congregate and 
hold in large pools.  Poaching also occurs at fish ladders, and other areas where adults 
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congregate.  However, the significance of poaching on the adult population is unknown.  
Specific regulations for the protection of spring-run in Mill, Deer, Butte, and Big Chico creeks 
and the Yuba River have been added to the existing CDFG regulations.  The current regulations, 
including those developed for winter-run, provide some level of protection for spring-run (CDFG 
1998). 
 
There is little information on steelhead harvest rates in California.  Hallock et al. (1961) 
estimated that harvest rates for Sacramento River steelhead from the 1953-1954 through 1958-
1959 seasons ranged from 25.1 percent to 45.6 percent assuming a 20 percent non-return rate of 
tags.  The average annual harvest rate of adult steelhead above RBDD for the 3-year period from 
1991-1992 through 1993-1994 was 16 percent (McEwan and Jackson 1996).  Since 1998, all 
hatchery steelhead have been marked with an adipose fin clip allowing anglers to distinguish 
hatchery and wild steelhead.  Current regulations restrict anglers from keeping unmarked 
steelhead in Central Valley streams.  Overall, this regulation has greatly increased protection of 
naturally produced adult steelhead.  However, the total number of CV steelhead contacted might 
be a significant fraction of basin-wide escapement, and even low catch-and-release mortality 
may pose a problem for wild populations (Good et al. 2005). 
 
4.2.4.10  Disease and Predation 
 
Infectious disease is one of many factors that influence adult and juvenile salmonid survival.  
Salmonids are exposed to numerous bacterial, protozoan, viral, and parasitic organisms in 
spawning and rearing areas, hatcheries, migratory routes, and the marine environment (NMFS 
1996a, 1996b, 1998a).  Specific diseases such as bacterial kidney disease, Ceratomyxosis shasta, 
columnaris, furunculosis, infectious hematopoietic necrosis, redmouth and black spot disease, 
whirling disease, and erythrocytic inclusion body syndrome are known, among others, to affect 
Chinook salmon and steelhead (NMFS 1996a, 1996b, 1998a).  Very little current or historical 
information exists to quantify changes in infection levels and mortality rates attributable to these 
diseases; however, studies have shown that wild fish tend to be less susceptible to pathogens than 
are hatchery-reared fish.  Nevertheless, wild salmonids may contract diseases that are spread 
through the water column (i.e., waterborne pathogens) as well as through interbreeding with 
infected hatchery fish.  The stress of being released into the wild from a controlled hatchery 
environment frequently causes latent infections to convert into a more pathological state, and 
increases the potential of transmission from hatchery reared fish to wild stocks within the same 
waters. 
 
Accelerated predation also may be a factor in the decline of winter-run and spring-run, and to a 
lesser degree CV steelhead.  Human-induced habitat changes such as alteration of natural flow 
regimes and installation of bank revetment and structures such as dams, bridges, water 
diversions, piers, and wharves often provide conditions that both disorient juvenile salmonids 
and attract predators (Stevens 1961, Decato 1978, Vogel et al. 1988, Garcia 1989). 
 
On the mainstem Sacramento River, high rates of predation are known to occur at the RBDD, 
ACID diversion dam, Glenn-Colusa Irrigation District (GCID) diversion facility, areas where 
rock revetment has replaced natural river bank vegetation, and at South Delta water diversion 
structures (e.g., Clifton Court Forebay; CDFG 1998).  Predation at RBDD on juvenile winter-run 
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is believed to be higher than natural due to flow dynamics associated with the operation of this 
structure.  Due to their small size, early emigrating winter-run may be very susceptible to 
predation in Lake Red Bluff when the RBDD gates remain closed in summer and early fall.  In 
passing the dam, juveniles are subject to conditions which greatly disorient them, making them 
highly susceptible to predation by fish or birds.  Sacramento pikeminnow (Ptychocheilus 
grandis) and striped bass congregate below the dam and prey on juvenile salmon in the tail 
waters.  The Sacramento pikeminnow is a species native to the Sacramento River basin and has 
co-evolved with the anadromous salmonids in this system.  However, rearing conditions in the 
Sacramento River today (e.g., warm water, low-irregular flow, standing water, and water 
diversions) compared to its natural state and function decades ago in the pre-dam era, are more 
conducive to warm water species such as Sacramento pikeminnow and striped bass than to native 
salmonids.  Tucker et al. (1998) reported that Sacramento pikeminnow predation on juvenile 
salmonids during the summer months increased to 66 percent of the total weight of stomach 
contents in the predatory pikeminnow.  Striped bass showed a strong preference for juvenile 
salmonids as prey during this study.  This research also indicated that the percent frequency of 
occurrence for juvenile salmonids nearly equaled other fish species in the stomach contents of 
the predatory fish.  Tucker et al. (2003) showed the temporal distribution for these two predators 
in the RBDD area were directly related to RBDD operations (predators congregated when the 
dam gates were in, and dispersed when the gates were removed). 
 
USFWS found that more predatory fish were found at rock revetment bank protection sites 
between Chico Landing and Red Bluff than at sites with naturally eroding banks (Michny and 
Hampton 1984).  From October 1976 to November 1993, CDFG conducted 10 mark/recapture 
studies at the SWP’s Clifton Court Forebay to estimate pre-screen losses using hatchery-reared 
juvenile Chinook salmon.  Pre-screen losses ranged from 69 percent to 99 percent.  Predation by 
striped bass is thought to be the primary cause of the loss (Gingras 1997).  More recent studies 
by DWR (2008) have verified this level of predation also exists for steelhead smolts within 
Clifton Court Forebay, indicating that these predators were efficient at removing salmonids over 
a wide range of body sizes. 
 
Predation on juvenile salmonids has increased as a result of water development activities which 
have created ideal habitats for predators and non-native invasive species (NIS).  Turbulent 
conditions near dam bypasses, turbine outfalls, water conveyances, and spillways disorient 
juvenile salmonid migrants and increase their predator avoidance response time, thus improving 
predator success.  Increased exposure to predators has also resulted from reduced water flow 
through reservoirs; a condition which has increased juvenile travel time.  Other locations in the 
Central Valley where predation is of concern include flood bypasses, post-release sites for 
salmonids salvaged at the CVP and SWP Fish Facilities, and the SMSCG.  Striped bass and 
pikeminnow predation on salmon at salvage release sites in the Delta and lower Sacramento 
River has been documented (Orsi 1967, Pickard et al. 1982).  However, accurate predation rates 
at these sites are difficult to determine.  CDFG conducted predation studies from 1987 to 1993 at 
the SMSCG to determine if the structure attracts and concentrates predators.  The dominant 
predator species at the SMSCG was striped bass, and the remains of juvenile Chinook salmon 
were identified in their stomach contents (Edwards et al. 1996, Tillman et al. 1996, NMFS 
1997). 
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Avian predation on fish contributes to the loss of migrating juvenile salmonids by constraining 
natural and artificial production.  Fish-eating birds that occur in the California Central Valley 
include great blue herons (Ardea herodias), gulls (Larus spp.), osprey (Pandion haliaetus), 
common mergansers (Mergus merganser), American white pelicans (Pelecanus 
erythrorhynchos), double-crested cormorants (Phalacrocorax spp.), Caspian terns (Sterna 
caspia), belted kingfishers (Ceryle alcyon), black-crowned night herons (Nycticorax nycticorax), 
Forster’s terns (Sterna forsteri), hooded mergansers (Lophodytes cucullatus), and bald eagles 
(Haliaeetus leucocephalus, Stephenson and Fast 2005).  These birds have high metabolic rates 
and require large quantities of food relative to their body size.   
 
Mammals can also be an important source of predation on salmonids within the California 
Central Valley.  Predators such as river otters (Lutra canadensis), raccoons (Procyon lotor), 
striped skunk (Mephitis mephitis), and western spotted skunk (Spilogale gracilis) are common.  
Other mammals that take salmonid include:  badger (Taxidea taxus), bobcat (Linx rufis), coyote 
(Canis latrans), gray fox (Urocyon cinereoargenteus), long-tailed weasel (Mustela frenata), 
mink (Mustela vison), mountain lion (Felis concolor), red fox (Vulpes vulpes), and ringtail 
(Bassariscus astutus).  These animals, especially river otters, are capable of removing large 
numbers of salmon and trout from the aquatic habitat (Dolloff 1993).  Mammals have the 
potential to consume large numbers of salmonids, but generally scavenge post-spawned salmon.  
In the marine environment, pinnipeds, including harbor seals (Phoca vitulina), California sea 
lions (Zalophus californianus), and Steller’s sea lions (Eumetopia jubatus) are the primary 
marine mammals preying on salmonids (Spence et al. 1996).  Pacific striped dolphin 
(Lagenorhynchus obliquidens) and killer whale (Orcinus orca) can also prey on adult salmonids 
in the nearshore marine environment, and at times become locally important.  Southern 
Residents, in particular, target Chinook salmon as their preferred prey (96 percent of prey 
consumed during spring, summer and fall, from long-term study of resident killer whale diet; 
Ford and Ellis 2006).  Although harbor seal and sea lion predation primarily is confined to the 
marine and estuarine environments, they are known to travel well into freshwater after migrating 
fish and have frequently been encountered in the Delta and the lower portions of the Sacramento 
and San Joaquin rivers.  All of these predators are opportunists, searching out locations where 
juveniles and adults are most vulnerable, such as the large water diversions in the South Delta. 
 
4.2.4.11  Environmental Variation 
 
4.2.4.11.1  Natural Environmental Cycles 
 
Natural changes in the freshwater and marine environments play a major role in salmonid 
abundance.  Recent evidence suggests that marine survival among salmonids fluctuates in 
response to 20- to 30-year cycles of climatic conditions and ocean productivity (Hare et al. 1999, 
Mantua and Hare 2002).  This phenomenon has been referred to as the Pacific Decadal 
Oscillation.  In addition, large-scale climatic regime shifts, such as the El Niño condition, appear 
to change productivity levels over large expanses of the Pacific Ocean.  A further confounding 
effect is the fluctuation between drought and wet conditions in the basins of the American west.  
During the first part of the 1990s, much of the Pacific Coast was subject to a series of very dry 
years, which reduced inflows to watersheds up and down the west coast. 
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"El Niño" is an environmental condition often cited as a cause for the decline of West Coast 
salmonids (NMFS 1996b).  El Niño is an unusual warming of the Pacific Ocean off South 
America and is caused by atmospheric changes in the tropical Pacific Ocean [El Niño Southern 
Oscillation (ENSO)] resulting in reductions or reversals of the normal trade wind circulation 
patterns.  El Niño ocean conditions are characterized by anomalous warm sea surface 
temperatures and changes to coastal currents and upwelling patterns.  Principal ecosystem 
alterations include decreased primary and secondary productivity in affected regions and changes 
in prey and predator species distributions.  Cold-water species are displaced towards higher 
latitudes or move into deeper, cooler water, and their habitat niches are occupied by species 
tolerant of warmer water that move upwards from the lower latitudes with the warm water 
tongue. 
 
A key factor affecting many West Coast stocks has been a general 30-year decline in ocean 
productivity.  The mechanism whereby stocks are affected is not well understood, partially 
because the pattern of response to these changing ocean conditions has differed among stocks, 
presumably due to differences in their ocean timing and distribution.  It is presumed that survival 
in the ocean is driven largely by events occurring between ocean entry and recruitment to a sub-
adult life stage. 
 
The freshwater life history traits and habitat requirements of juvenile winter-run and fall-run are 
similar.  Therefore, the unusual and poor ocean conditions that caused the drastic decline in 
returning fall-run populations coast wide in 2007 (Varanasi and Bartoo 2008) are suspected to 
have also caused the observed decrease in the winter-run spawning population in 2007 
(Oppenheim 2008).  Lindley et al. (2009) reviewed the possible causes for the decline in 
Sacramento River fall-run in 2007 and 2008 for which reliable data were available.  They 
concluded that a broad body of evidence suggested that anomalous conditions in the coastal 
ocean in 2005 and 2006 resulted in unusually poor survival of the 2004 and 2005 broods of fall-
run.  However, Lindley et al. (2009) recognize that the rapid and likely temporary deterioration 
in ocean conditions acted on top of a long-term, steady degradation of the freshwater and 
estuarine environment. 
 
4.2.4.11.2  Ocean Productivity 
 
The time at which juvenile salmonids enter the marine environment marks a critical period in 
their life history.  Studies have shown the greatest rates of growth and energy accumulation for 
Chinook salmon occur during the first 1 to 3 months after they enter the ocean (Francis and 
Mantua 2003, MacFarlane et al. 2008).  Emigration periods and ocean entry can vary 
substantially among, and even within, races in the Central Valley.  For example, winter-run 
typically rear in freshwater for 5-9 months and exhibit a peak emigration period in March and 
April.  Spring-run emigration is more variable and can occur in December or January (soon after 
emergence as fry), or from October through March (after rearing for a year or more in 
freshwater; CVP/SWP operations BA).  In contrast to Chinook salmon, steelhead tend to rear in 
freshwater environments longer (anywhere from 1 to 3 years) and their period of ocean entry can 
span many months.  Juvenile steelhead presence at Chipps Island has been documented between 
at least October and July (CVP/SWP operations BA).  While still acknowledging this variability 
in emigration patterns, the general statement can be made that Chinook salmon typically rear in 
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freshwater environments for less than a year and enter the marine environment as subyearlings in 
late spring to early summer.  Likewise, although steelhead life histories are more elastic, they 
typically enter the ocean in approximately the same time frame.  This general timing pattern of 
ocean entry is commonly attributed to evolutionary adaptations that allow salmonids to take 
advantage of highly productive ocean conditions that typically occur off the California coast 
beginning in spring and extending into the fall (MacFarlane et al. 2008).  Therefore, the 
conditions that juvenile salmonids encounter when they enter the ocean can play an important 
role in their early marine survival and eventual development into adults. 
 
It is widely understood that variations in marine survival of salmon correspond with periods of 
cold and warm ocean conditions, with cold regimes being generally favorable for salmon 
survival and warm ones unfavorable (Behrenfeld et al. 2006, Wells et al. 2006).  Peterson et al. 
(2006) provide evidence that growth and survival rates of salmon in the California Current off 
the Pacific Northwest can be linked to fluctuations in ocean conditions.  An evaluation of 
conditions in the California Current since the late 1970s reveals a generally warm, unproductive 
regime that persisted until the late 1990s.  This regime has been followed by a period of high 
variability that began with colder, more productive conditions lasting from 1999 to 2002.  In 
general, salmon populations increased substantially during this period.  However, this brief cold 
cycle was immediately succeeded by a 4-year period of predominantly warm ocean conditions 
beginning in late 2002, which appeared to have negatively impacted salmon populations in the 
California Current (Peterson et al. 2006).  Evidence suggests these regime shifts follow a more 
or less linear pattern beginning with the amount and timing of nutrients provided by upwelling 
and passing “up” the food chain from plankton to forage fish and eventually, salmon.  There are 
also indications that these same regime shifts affect the migration patterns of larger animals that 
prey on salmon (e.g., Pacific hake, sea birds) resulting in a “top-down” effect as well (Peterson et 
al. 2006).      
 
Peterson et al. (2006) evaluated three sets of ecosystem indicators to identify ecological 
properties associated with warm and cold ocean conditions and determine how those conditions 
can affect salmon survival.  The three sets of ecosystem indicators include:  (1) large-scale 
oceanic and atmospheric conditions [specifically, the Pacific Decadal Oscillation (PDO) and the 
Multivariate ENSO Index]; (2) local observations of physical and biological ocean conditions off 
northern Oregon (e.g., upwelling, water temperature, plankton species compositions, etc.); and 
(3) biological sampling of juvenile salmon, plankton, forage fish, and Pacific hake (which prey 
on salmon).  When used collectively, this information can provide a general assessment of ocean 
conditions in the northern California Current that pertain to multi-year warm or cold phases.  It 
can also be used to develop a qualitative evaluation for a particular year of the effect these ocean 
conditions have on juvenile salmon when they enter the marine environment and the potential 
impact to returning adults in subsequent years. 
 
The generally warmer ocean conditions in the California Current that began to prevail in late 
2002 have resulted in coastal ocean temperatures remaining 1-2˚C above normal through 2005.  
A review of the previously mentioned indicators for 2005 revealed that almost all ecosystem 
indices were characteristic of poor ocean conditions and reduced salmon survival.  For instance, 
in addition to the high sea surface temperatures, the spring transition, which marks the beginning 
of the upwelling season and typically occurs between March and June, was very late, postponing 
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upwelling until mid-July.  In addition, the plankton species present during that time were the 
smaller organisms with lower lipid contents associated with warmer water, as opposed to the 
larger, lipid-rich organisms believed to be essential for salmon growth and survival throughout 
the winter.  The number of juvenile salmon collected during trawl surveys was also lower than 
any other year previously sampled (going back to 1998, Peterson et al. 2006).  Furthermore, 
although conditions in 2006 appeared to have improved somewhat over those observed in 2005 
(e.g., sea surface temperature was cooler, the spring transition occurred earlier, and coastal 
upwelling was more pronounced), not all parameters were necessarily “good.”  In fact, many of 
the indicators were either “intermediate” (e.g., PDO, juvenile Chinook salmon presence in trawl 
surveys) or “poor” (e.g., copepod biodiversity, Peterson et al. 2006).   
 
Updated information provided by Peterson et al. (2006) on the NWFSC Climate Change and 
Ocean Productivity website6 shows the transition to colder ocean conditions, which began in 
2007, has persisted throughout 2008.  All ocean indicators point toward a highly favorable 
marine environment for those juvenile salmon that entered the ocean in 2008.  After remaining 
neutral through much of 2007, PDO values became negative (indicating a cold California 
Current) in late 2007 and remained negative through at least August, 2008, with sea surface 
temperatures also remaining cold.  Coastal upwelling was initiated early and will likely be 
regarded as average overall.  Furthermore, the larger, energy-rich, cold water plankton species 
have been present in large numbers in 2007 and 2008.  Therefore, ocean conditions in the 
broader California Current appear to have been favorable for salmon survival in 2007 and to a 
greater extent in 2008, which bodes well for Chinook salmon populations returning in 2009 and 
20103.  These ecosystem indicators can be used to provide an understanding of ocean conditions, 
and their relative impact on marine survival of juvenile salmon, throughout the broader, northern 
portion of the California Current.  However, they may not provide an accurate assessment of the 
conditions observed on a more local scale off the California coast.  
 
Wells et al. (2008a) developed a multivariate environmental index that can be used to assess 
ocean productivity on a finer scale for the central California region.  This index (also referred to 
as the Wells Ocean Productivity Index) has also tracked the Northern Oscillation Index, which 
can be used to understand ocean conditions in the North Pacific Ocean in general.  The 
divergence of these two indices in 2005 and 2006 provided evidence that ocean conditions were 
worse off the California coast than they were in the broader North Pacific region.  The Wells et 
al. (2008a) index incorporates 13 oceanographic variables and indices and has correlated well 
with the productivity of zooplankton, juvenile shortbelly rockfish, and common murre 
production along the California coast (MacFarlane et al. 2008).  In addition to its use as an 
indicator of ocean productivity in general, the index may also relate to salmon dynamics due to 
their heavy reliance on krill and rockfish as prey items during early and later life stages.  For 
instance, not only did the extremely low index values in 2005 and 2006 correlate well with the 
extremely low productivity of salmon off the central California coast in those years, but the 
index also appears to have correlated well with maturation and mortality rates of adult salmon 
from 1990-2006 in that region (Wells and Mohr 2008).  Although not all of the data are currently 
available to determine the Wells et al. (2008a) index values for 2007 and 2008, there is sufficient 
information to provide an indication of the likely ocean conditions for those 2 years, which can 
then be compared to 2005 and 2006. 
                                                 
6 http://www.nwfsc.noaa.gov/research/divisions/fed/oeip/a-ecinhome.cfm 
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A review of the available information suggests ocean conditions in 2007 and 2008 have 
improved substantially over those observed in 2005 and 2006.  For instance, the spring 
transition, which marks the beginning of the upwelling season and typically occurs between 
March and June, was earlier in 2007 and 2008 compared to 2005 and 2006.  An early spring 
transition is often indicative of greater productivity throughout the spring and summer seasons 
(Wells and Mohr 2008, Peterson et al. 2006).  Coastal upwelling, the process by which cool, 
nutrient rich waters are brought to the surface (perhaps the most important parameter with 
respect to plankton productivity), was also above average in 2007 and 2008.  Moreover, coastal 
sea surface temperature and sea level height (representative of the strength of the California 
current and southern transport) values were also characteristic of improved ocean productivity 
(Wells and Mohr 2008).  Thus, contrary to the poor ocean conditions observed in the spring of 
2005 and 2006, the Wells et al. (2008a) index parameters available at this time indicate spring 
ocean conditions have been generally favorable for salmon survival off California in 2007 and 
2008. 
 
In contrast to the relatively “good” ocean conditions that occurred in the spring, the Wells et al. 
(2008a) index values for the summer of 2007 and 2008 were poor in general, and similar to those 
observed in 2005 and 2006.  Summer sea surface temperature followed a similar pattern in both 
2007 and 2008, starting out cool in June, and then rising to well above average in July before 
dropping back down to average in August (Wells and Mohr 2008).  The strong upwelling values 
observed in the spring of 2007 and 2008 were not maintained throughout the summer, and 
instead dropped to either at or below those observed in 2005 and 2006.  Finally, sea level height 
and spring curl values (a mathematical representation of the vertical component of wind shear 
which represents the rotation of the vector field), which are negatively correlated with ocean 
productivity, were both poor (Wells and Mohr 2008).  Therefore, during the spring of 2007 and 
2008, ocean conditions off California were indicative of a productive marine environment 
favorable for ocean salmon survival (and much improved over 2005 and 2006).  However, those 
conditions did not persist throughout the year, as Wells et al. (2008a) index values observed in 
the summer of 2007 and 2008 were similar to those experienced in the summer of 2005 and 
2006, 2 years marked by extremely low productivity of salmon off the central California coast.  
 
Evidence exists that suggests early marine survival for juvenile salmon is a critical phase in their 
survival and development into adults.  The correlation between various environmental indices 
that track ocean conditions and salmon productivity in the Pacific Ocean, both on a broad and 
local scale, provides an indication of the role they play in salmon survival in the ocean.  
Moreover, when discussing the potential extinctions of salmon populations, Francis and Mantua 
(2003) point out that climate patterns would not likely be the sole cause but could certainly 
increase the risk of extinction when combined with other factors, especially in ecosystems under 
stress from humans.  Thus, the efforts to try and gain a greater understanding of the role ocean 
conditions play in salmon productivity will continue to provide valuable information that can be 
incorporated into the management of these species and should continue to be pursued.  However, 
the highly variable nature of these environmental factors makes it very difficult, if not 
impossible, to accurately predict what they will be like in the future.  Because the potential for 
poor ocean conditions exists in any given year, and there is no way for salmon managers to 
control these factors, any deleterious effects endured by salmonids in the freshwater environment 
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can only exacerbate the problem of an inhospitable marine environment.  Therefore, in order to 
ensure viable populations, it is important that any impacts that can be avoided prior to the period 
when salmonids enter the ocean must be carefully considered and reduced to the greatest extent 
possible.   
 
4.2.4.11.3  Global Climate Change 
 
Climate change is postulated to have had a negative impact on salmonids throughout the Pacific 
Northwest due to large reductions in available freshwater habitat (Battin et al. 2007).  
Widespread declines in springtime snow-water equivalents (SWE) have occurred in much of the 
North American West since the 1920s, especially since mid-century (Knowles and Cayan 2004, 
Mote 2006).  This decrease in SWE can be largely attributed to a general warming trend in the 
western United States since the early 1900s (Mote et al. 2005, Regonda et al. 2005, Mote 2006), 
even though there have been modest upward precipitation trends in the western United States 
since the early 1900s (Hamlet et al. 2005).  The largest decreases in SWE are taking place at low 
to mid elevations (Mote 2006, Van Kirk and Naman 2008) because the warming trend 
overwhelms the effects of increased precipitation (Hamlet et al. 2005, Mote et al. 2005, Mote 
2006).  These climactic changes have resulted in earlier onsets of springtime snowmelt and 
streamflow across western North America (Hamlet and Lettenmaier 1999, Regonda et al. 2005, 
Stewart et al. 2005), as well as lower flows in the summer (Hamlet and Lettenmaier 1999, 
Stewart et al. 2005).   
 
The projected runoff-timing trends over the course of the 21st century are most pronounced in the 
Pacific Northwest, Sierra Nevada, and Rocky Mountain regions, where the eventual temporal 
centroid of streamflow (i.e. peak streamflow) change amounts to 20–40 days in many streams 
(Stewart et al. 2005).  Although climate models diverge with respect to future trends in 
precipitation, there is widespread agreement that the trend toward lower SWE and earlier 
snowmelt will continue (Zhu et al. 2005, Vicuna et al. 2007).  Thus, availability of water 
resources under future climate scenarios is expected to be most limited during the late summer 
(Gleick and Chalecki 1999, Miles et al. 2000).  A 1-month advance in timing centroid of 
streamflow would also increase the length of the summer drought that characterizes much of 
western North America, with important consequences for water supply, ecosystem, and wildfire 
management (Stewart et al. 2005).  These changes in peak streamflow timing and snowpack will 
negatively impact salmonid populations due to habitat loss associated with lower water flows, 
higher stream temperatures, and increased human demand for water resources.  
 
The global effects of climate change on river systems and salmon are often superimposed upon 
the local effects within river systems of logging, water utilization, harvesting, hatchery 
interactions, and development (Bradford and Irvine 2000, Mayer 2008, Van Kirk and Naman 
2008).  For example, total water withdrawal in California, Idaho, Oregon and Washington 
increased 82 percent between 1950 and 2000, with irrigation accounting for nearly half of this 
increase (MacKichan 1951, Hutson et al. 2004), while during the same period climate change 
was taking place. 
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4.2.4.12  Non-Native Invasive Species 
 
As currently seen in the San Francisco estuary, non-native invasive species (NIS) can alter the 
natural food webs that existed prior to their introduction.  Perhaps the most significant example 
is illustrated by the Asiatic freshwater clams Corbicula fluminea and Potamocorbula amurensis.  
The arrival of these clams in the estuary disrupted the normal benthic community structure and 
depressed phytoplankton levels in the estuary due to the highly efficient filter feeding of the 
introduced clams (Cohen and Moyle 2004).  The decline in the levels of phytoplankton reduces 
the population levels of zooplankton that feed upon them, and hence reduces the forage base 
available to salmonids transiting the Delta and San Francisco estuary which feed either upon the 
zooplankton directly or their mature forms.  This lack of forage base can adversely impact the 
health and physiological condition of these salmonids as they emigrate through the Delta region 
to the Pacific Ocean. 
 
Attempts to control the NIS also can adversely impact the health and well-being of salmonids 
within the affected water systems.  For example, the control programs for the invasive water 
hyacinth and Egeria densa plants in the Delta must balance the toxicity of the herbicides applied 
to control the plants to the probability of exposure to listed salmonids during herbicide 
application.  In addition, the control of the nuisance plants have certain physical parameters that 
must be accounted for in the treatment protocols, particularly the decrease in DO resulting from 
the decomposing vegetable matter left by plants that have died. 
 
4.2.4.13  Ecosystem Restoration  
 
4.2.4.13.1  CALFED 
 
Two programs included under CALFED, the Ecosystem Restoration Program (ERP) and the 
Environmental Water Account (EWA), were created to improve conditions for fish, including 
listed salmonids, in the Central Valley (CALFED 2000).  Restoration actions implemented by 
the ERP include the installation of fish screens, modification of barriers to improve fish passage, 
habitat acquisition, and instream habitat restoration.  The majority of these actions address key 
factors affecting listed salmonids and emphasis has been placed in tributary drainages with high 
potential for spring-run and steelhead production.  Additional ongoing actions include new 
efforts to enhance fisheries monitoring and directly support salmonid production through 
hatchery releases.  Recent habitat restoration initiatives sponsored and funded primarily by 
CALFED-ERP have resulted in plans to restore ecological function to 9,543 acres of shallow-
water tidal and marsh habitats within the Delta.  Restoration of these areas primarily involves 
flooding lands previously used for agriculture, thereby creating additional rearing habitat for 
juvenile salmonids.  Similar habitat restoration is imminent adjacent to Suisun Marsh (i.e., at the 
confluence of Montezuma Slough and the Sacramento River) as part of the Montezuma 
Wetlands project, which is intended to provide for commercial disposal of material dredged from 
San Francisco Bay in conjunction with tidal wetland restoration.  
 
A sub-program of the ERP called the Environmental Water Program (EWP) has been established 
to support ERP projects through enhancement of instream flows that are biologically and 
ecologically significant in anadromous salmonid reaches of priority streams controlled by dams.  
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This program is in the development stage and the benefits to listed salmonids are not yet clear.  
Clear Creek is one of five priority watersheds in the Central Valley that has been targeted for 
action during Phase I of the EWP. 
 
The EWA is designed to provide water at critical times to meet ESA requirements and incidental 
take limits without water supply impacts to other users, particularly South of Delta water users.  
In early 2001, the EWA released 290 TAF of water from San Luis Reservoir at key times to 
offset reductions in South Delta pumping implemented to protect winter-run, Delta smelt, and 
splittail.  However, the benefit derived by this action to winter-run in terms of number of fish 
saved was very small.  The anticipated benefits to other Delta fish from the use of the EWA 
water are much higher than those benefits ascribed to listed salmonids by the EWA release. 
 
4.2.4.13.2  Central Valley Project Improvement Act 
 
The CVPIA, implemented in 1992, requires that fish and wildlife get equal consideration with 
other demands for water allocations derived from the CVP.  From the CVPIA act arose several 
programs that have benefited listed salmonids: the Anadromous Fish Restoration Program 
(AFRP), the Anadromous Fish Screen Program (AFSP), and the Water Acquisition Program 
(WAP).  The AFRP is engaged in monitoring, education, and restoration projects geared toward 
recovery of all anadromous fish species residing in the Central Valley.  Restoration projects 
funded through the AFRP include fish passage, fish screening, riparian easement and land 
acquisition, development of watershed planning groups, instream and riparian habitat 
improvement, and gravel replenishment.  The AFSP combines Federal funding with State and 
private funds to prioritize and construct fish screens on major water diversions mainly in the 
upper Sacramento River.  The goal of the WAP is to acquire water supplies to meet the habitat 
restoration and enhancement goals of the CVPIA and to improve the DOI’s ability to meet 
regulatory water quality requirements.  Water has been used successfully to improve fish habitat 
for spring-run and steelhead by maintaining or increasing instream flows in Butte and Mill 
Creeks and the San Joaquin River at critical times.  
 
Although the above highlights the benefits of the CVPIA, Cummins et al. (2008) documented 
that DOI fell considerably short in implementing the CVPIA.  Cummins et al. (2008) 
acknowledge that the specific “doubling” mission itself may make little scientific or policy 
sense, especially within the time frames demanded (2002).  However, they also stated that it is 
far from clear that the agencies (Reclamation and USFWS) have done what is possible and 
necessary to improve freshwater conditions to help these species weather environmental 
variability, halt their decline and begin rebuilding in a sustainable way.  In their executive 
summary, Cummins et al. (2008) state the following: 

 
“The program effectively ignores the larger system problems that inhibit the natural 
production of anadromous fish: 

• headwaters dams that have taken away most of the spawning and rearing capacity in 
the valley; 

• highly regulated flows and diversions completely out of balance with natural flow 
regimes to which these species are adapted; 
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• rivers levied and channeled and disconnected from floodplains to such an extent that 
natural river habitats and rearing conditions are largely absent; and 

• environmentally degraded conditions for fish in the Delta due to water exports, 
degraded water quality, entrainment, and predation that are a significant source of 
poorly addressed mortality. 

The agencies need to fully use their authorities to understand and address the system 
problems, or ask Congress for additional authorities and guidance.” 
 

4.2.4.13.3  Iron Mountain Mine Remediation 
 
EPA's Iron Mountain Mine remediation involves the removal of toxic metals in acidic mine 
drainage from the Spring Creek Watershed with a state-of-the-art lime neutralization plant.  
Contaminant loading into the Sacramento River from Iron Mountain Mine has shown 
measurable reductions since the early 1990s (see Reclamation 2004 Appendix J).  Decreasing 
the heavy metal contaminants that enter the Sacramento River should increase the survival of 
salmonid eggs and juveniles.  However, during periods of heavy rainfall upstream of the Iron 
Mountain Mine, Reclamation substantially increases Sacramento River flows in order to dilute 
heavy metal contaminants being spilled from the Spring Creek debris dam.  This rapid change in 
flows can cause juvenile salmonids to become stranded or isolated in side channels below 
Keswick Dam. 
 
4.2.4.13.4  State Water Project Delta Pumping Plant Fish Protection Agreement (Four-
Pumps Agreement) 
 
The Four Pumps Agreement Program has approved about $49 million for projects that benefit 
salmon and steelhead production in the Sacramento and San Joaquin basins and Delta since the 
agreement inception in 1986.  Four Pumps projects that benefit spring-run and steelhead include 
water exchange programs on Mill and Deer creeks; enhanced law enforcement efforts from San 
Francisco Bay upstream to the Sacramento and San Joaquin Rivers and their tributaries; design 
and construction of fish screens and ladders on Butte Creek; and screening of diversions in 
Suisun Marsh and San Joaquin tributaries.  Predator habitat isolation and removal, and spawning 
habitat enhancement projects on the San Joaquin tributaries benefit steelhead (see Reclamation 
2004 Chapter 15).  
 
4.2.4.14  Additional Water Quality 
 
In addition to the factors, above, the following provides additional information on the effect of 
water quality resulting from water development in the San Joaquin River basin that affect the 
current status of CV steelhead.  Low DO levels are frequently observed in the portion of the 
Stockton deep water ship channel (DWSC) extending from Channel Point, downstream to Turner 
and Columbia Cuts.  Over a 5-year period, starting in August 2000, a DO meter has recorded 
channel DO levels at Rough and Ready Island (Dock 20 of the West Complex).  Over the course 
of this time period, there have been 297 days in which violations of the 5 mg/l DO criteria for the 
protection of aquatic life in the San Joaquin River between Channel Point and Turner and 
Columbia Cuts have occurred during the September through May migratory period for salmonids 
in the San Joaquin River (table 4-9).  CDEC data indicate that DO depressions occur during all 
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migratory months, with significant events occurring from November through March when listed 
CV steelhead adults and smolts would be utilizing this portion of the San Joaquin River as a 
migratory corridor (table 4-6). 
 
Table 4-9.  Monthly occurrences of dissolved oxygen depressions below the 5mg/L criteria in the Stockton 
deep water ship channel (Rough and Ready Island DO monitoring site), water years 2000 to 2004. 

Water Year 
Month 2000-01 2001-02 2002-03 2003-04 2004-05 Monthly Sum

September 0 26 b 30 b 16 b 30 b 102 
October 0 0 7 0 4 11 

November 0 0 12 0 3 15 
December 6 4* 13 2 13 38 
January 3 4 19 7 0 33 
February 0 25 28 13 0 66 
March 0 7 9 0 0 16 
April 0 4 4 0 0 8 
May 2 a 0 2 4 0 8 

Annual Sum 11 70 124 42 50 Total=297 
 aSuspect Data – potentially faulty DO meter readings 
 bWind driven and photosynthetic daily variations in DO level; very low night-time DO levels, high late 

afternoon levels 
 
Potential factors that contribute to these DO depressions are reduced river flows through the ship 
channel, released ammonia from the City of Stockton Wastewater Treatment Plant, upstream 
contributions of organic materials (e.g., algal loads, nutrients, agricultural discharges) and the 
increased volume of water in the dredged ship channel.  During the winter and early spring 
emigration period, increased ammonia concentrations in the discharges from the City of Stockton 
Waste Water Treatment Facility lowers the DO in the adjacent DWSC near the West Complex.  
In addition to the negative effects of the lowered DO on salmonid physiology, ammonia is in 
itself toxic to salmonids at low concentrations.  Likewise, adult fish migrating upstream will 
encounter lowered DO in the DWSC as they move upstream in the fall and early winter due to 
low flows and excessive algal and nutrient loads coming downstream from the upper San 
Joaquin River watershed.  Hallock et al. (1970) reported that levels of DO below 5 mg/L delay 
or block fall-run. 
 
4.2.4.15  Summary 
 
For winter-run, spring-run, and CV steelhead, the construction of high dams for hydropower, 
flood control, and water supply resulted in the loss of vast amounts of upstream habitat (i.e., 
approximately 80 percent, or a minimum linear estimate of over 1,000 stream miles), and often 
resulted in precipitous declines in affected salmonid populations.  For example, the completion 
of Friant Dam in 1947 has been linked with the extirpation of spring-run in the San Joaquin 
River upstream of the Merced River within just a few years.  The reduced populations that 
remain below Central Valley dams are forced to spawn in lower elevation tailwater habitats of 
the mainstem rivers and tributaries that were previously not used for this purpose.  This habitat 
is entirely dependent on managing reservoir releases to maintain cool water temperatures 
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suitable for spawning, and/or rearing of salmonids.  This requirement has been difficult to 
achieve in all water year types and for all life stages of affected salmonid species.  Steelhead, in 
particular, seem to require the qualities of small tributary habitat similar to what they historically 
used for spawning; habitat that is largely unavailable to them under the current water 
management scenario.  Winter-run, spring-run, and CV steelhead have all been negatively 
affected by the production of hatchery fish associated with the mitigation for the habitat lost to 
dam construction (e.g., from genetic impacts, increased competition, exposure to novel diseases, 
etc.). 
 
Land-use activities such as road and levee construction, urban development, logging, mining, 
agriculture, and recreation are pervasive and have significantly altered fish habitat quantity and 
quality for Chinook salmon and steelhead through alteration of streambank and channel 
morphology; alteration of ambient water temperatures; degradation of water quality; elimination 
of spawning and rearing habitat; fragmentation of available habitats; elimination of downstream 

recruitment of LWD; and removal of 
riparian vegetation resulting in increased 
streambank erosion.  Human-induced habitat 
changes, such as:  alteration of natural flow 
regimes; installation of bank revetment; and 
building structures such as dams, bridges, 
water diversions, piers, and wharves, often 
provide conditions that both disorient 
juvenile salmonids and attract predators.  
Harvest activities, ocean productivity, and 
drought conditions provide added stressors 
to listed salmonid populations.  In contrast, 
various ecosystem restoration activities have 
contributed to improved conditions for listed 
salmonids (e.g., various fish screens).  
However, some important restoration 
activities (e.g., Battle Creek Restoration 
Project) have not yet been implemented and 
benefits to listed salmonids from the EWA 
have been less than anticipated.  
 
4.2.5  Southern Resident Killer Whales 
 
4.2.5.1  Current Rangewide Status of the 
Species 
 
The Southern Resident killer whales DPS 
was listed as endangered under the ESA on 
November 18, 2005 (70 FR 69903).  
Southern Residents are designated as 

Figure 4-12. Geographic Range (light shading) of the 
Southern Resident Killer Whale DPS.  Source: Wiles 
(2004). 
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“depleted”7 under the Marine Mammal Protection Act (MMPA; May 29, 2003, 68 FR 31980).  
This section summarizes information taken largely from the final recovery plan for Southern 
Residents (NMFS 2008a), as well as new data that became available more recently. 
 
4.2.5.2  Range and Distribution 
 
Southern Residents are found throughout the coastal waters off Washington, Oregon, and 
Vancouver Island and are known to travel as far south as central California and as far north as 
the Queen Charlotte Islands, British Columbia (figure 4-12).  There is limited information on the 
distribution and habitat use of Southern Residents along the outer Pacific Coast.  Southern 
Residents are highly mobile and can travel up to 86 nautical miles (nmi, or 10 miles) in a single 
day (Erickson 1978, Baird 2000).  To date, there is no evidence that Southern Residents travel 
further than 31 miles offshore (Ford et al. 2005). 
 
Southern Residents spend considerable time from late spring to early autumn in inland 
waterways of Washington State and British Columbia (Strait of Georgia, Strait of Juan de Fuca, 
and Puget Sound; Bigg 1982, Ford et al. 2000, Krahn et al. 2002; table 4-10).  Typically, J, K 
and L pods are increasingly present in May or June and spend considerable time in the core area 
of Georgia Basin and Puget Sound until at least September.  During this time, pods (particularly 
K and L) make frequent trips from inland waters to the outer coasts of Washington and southern 
Vancouver Island, which typically last a few days (Ford et al. 2000). 
 
Table 4-10.  Average number of days spent by Southern Resident killer whales in inland and coastal waters 
by month, 2003-2007 (Hanson and Emmons, unpubl. report). 

Lpod Jpod Kpod 
Months Days 

Inland 
Days 

Coastal 
Days 

Inland 
Days 

Coastal 
Days 

Inland 
Days 

Coastal 
Jan 5 26 3 29 8 23 
Feb 0 28 4 24 0 28 
March 2 29 7 24 2 29 
April 0 30 13 17 0 30 
May 2 29 26 5 0 31 
June 14 16 26 5 12 18 
July 18 13 24 7 17 14 
Aug 17 15 17 15 17 14 
Sep 20 10 19 11 17 13 
Oct 12 19 14 17 8 24 
Nov 5 25 13 17 7 23 
Dec 1 30 8 23 10 21 

                                                 
7 Defined by the MMPA as any case in which (1) the Secretary, after consultation with the Marine Mammal 

Commission and the Committee of Scientific Advisors on Marine Mammals established under MMPA title II, 
determines that a species or population stock is below its optimum sustainable population; (2) a State, to which 
authority for the conservation and management of a species or population stock is transferred under section 109, 
determines that such species or stock is below its optimum sustainable population; or (3) a species or population 
stock is listed as an endangered species or a threatened species under the ESA.  

 

 159 
 



 
Late summer and early fall movements of Southern Residents in the Georgia Basin have 
remained fairly consistent since the early 1970s, with strong site fidelity shown to the region as a 
whole, however presence in inland waters in the fall has increased in recent years (NMFS 
2008a).  During early autumn, J pod in particular expands their routine movements into Puget 
Sound, likely to take advantage of chum and Chinook salmon runs (Osborne 1999).  During late 
fall, winter, and early spring, the ranges and movements of the Southern Residents are less well 
known.  Sightings through the Strait of Juan de Fuca in late fall suggest that activity shifts to the 
outer coasts of Vancouver Island and Washington (Krahn et al. 2002). 
 
The Southern Residents were formerly thought to range southward along the coast to about 
Grays Harbor (Bigg et al. 1990) or the mouth of the Columbia River (Ford et al. 2000).  
However, recent sightings of members of K and L pods in Oregon (in 1999 and 2000) and 
California (in 2000, 2003, 2005, 2006 and 2008) have considerably extended the southern limit  
of their known range (NMFS 2008b). There have been 45 verified sightings or strandings of J, K 
or L pods along the outer coast from 1975 to present with most made from January through April 
(table 4-11).  These include 16 records off Vancouver Island and the Queen Charlottes, 15 off 
Washington, 4 off Oregon, and 10 off central California. Most records have occurred since 1996, 
but this may be because of increased viewing effort along the coast in recent years.  Some 
sightings in Monterey Bay, California have coincided with large runs of salmon, with feeding 
witnessed in 2000 (Black et al. 2001).  However, when Southern Residents were sighted in 
Monterey Bay during 2008, salmon runs were expected to be very small.  L pod was also seen 
feeding on unidentified salmon off Westport, Washington, in March 2004 during the spring 
Chinook salmon run in the Columbia River (M. B. Hanson, pers. obs. op. cit. Krahn et al. 2004). 
 
4.2.5.3  Factors Responsible for the Current Status of Southern Residents 
 
Several potential factors identified in the final recovery plan for Southern Residents may have 
caused the decline or may be limiting recovery of the DPS. These are:  quantity and quality of 
prey; toxic chemicals, which accumulate in top predators; and disturbance from sound and vessel 
effects.  Oil spills are also a potential risk factor for this species.  Research has yet to identify 
which threats are most significant to the survival and recovery of Southern Residents.  It is likely 
that multiple threats are acting in concert to impact the whales. 
 
4.2.5.3.1  Prey 
 
Healthy killer whale populations depend on adequate prey levels. A discussion of the prey 
requirements of Southern Residents is followed by an assessment of threats to the quality and 
quantity of prey available. 
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Table 4-11.  Known sightings of Southern Resident killer whales along the outer Pacific Ocean coast (NMFS 2008a). 

Date Location Identification Source Comments 
British Columbia outer coast 

31 Jan 1982 Barkley Sound, west coast of 
Vancouver Island L pod J. Ford, PBS/DFO Off shore of Sound 

21 Oct 1987 Coal Harbor, north Vancouver Island Part of L pod J. Ford, PBS/DFO Were way up inlet a long distance from open ocean 

3 May 1989 Tofino, west coast of Vancouver Island K pod WMSA -- 

4 July 1995 Hippa Is., south Queen Charlotte 
Islands Southern Resident J. Ford PBS/DFO Carcass found on beach, ID only by genetics 

May 1996 Cape Scott, north Vancouver Island Southern Resident J. Ford PBS/DFO Carcass found on beach, ID only by genetics 

4 Sep 1997 Off Carmanah Point, sw Vancouver 
Island L pod Observed by P. Gearin, 

NMML Identified by D. Ellifrit 

14 Apr 2001 Tofino, west coast of Vancouver Island L pod J. Ford PBS/DFO  

27 Apr 2002 Tofino, west coast of Vancouver Island L pod J. Ford PBS/DFO  

12 May 2002 Tofino, west coast of Vancouver Island L pod J. Ford PBS/DFO  

30 May 2003 Langara Is., Queen Charlotte Islands L pod M. Joyce, DFO  

17 May 2004 Tofino, west coast of Vancouver Island K and L pods M. Joyce, DFO  

9 June 2005 
 

West of Cape Flattery, Washington in 
Canadian waters L pod SWFSC 

 
Whales were exiting the 
Strait of Juan de Fuca 

7 Sep 2005 
 

West of Cape Flattery, Washington in 
Canadian waters L pod NWFSC 

 
Whales were exiting the 
Strait of Juan de Fuca 

18 Mar 2006 North of Neah Bay, Washington in 
Canadian waters J pod NWFSC Whales were exiting the 

Strait of Juan de Fuca 

8 May 2006 Off Brooks Peninsula, west coast of 
Vancouver Island  L pod J. Ford PBS/DFO 

  

1 Dec 2006 Johnstone Strait L pod J. Ford PBS/DFO  

Washington Outer Coast 
4 Apr 1986 Off Westport/Grays Harbor L pod J. Ford, PBS/DFO  

13 Sep 1989 West of Cape Flattery L pod J. Calambokidis, Cascadia 
Research  



Date Location Identification Source Comments 
17 Mar 1996 3 km offshore Grays Harbor L pod J. Calambokidis, Cascadia 

Research  

20 Sep 1996 Off Sand Point (29 km south of Cape 
Flattery) L pod Observed by P. Gearin, 

NMML Identified by D. Ellifrit 

15 Apr 2002 Long Beach L60 D. Duffield, Portland State 
Univ. Stranded whale identified by K. Balcomb, CWR 

11 Mar 2004 
13 Mar 2004 

Grays Harbor 
Off Cape Flattery 

L pod 
J pod 

B. Hanson, NWFSC 
B. Hanson, NWFSC Whales were exiting Strait of Juan de Fuca 

22 Mar 2005 Fort Canby-North Head L pod J. Zamon, NWFSC  

23 Oct 2005 Off Columbia River K pod SWFSC, Cscape  
29 Oct 2005 Off Columbia River K and L pods SWFSC, Cscape  
1 Apr 2006 Westport L pods PAL  

6 Apr 2006 Westport K and L pods Cascadia Research  

13 May 2006 Westport K and L pods PAL  

26 May 2006 Westport K pod PAL  

29 May 2006 Westport K pod PAL  

Oregon 
Apr 1999 Off Depoe Bay L pod J. Ford, PBS/DFO  

Mar 2000 Off Yaquina Bay L pod J. Ford, PBS/DFO Seen week of Mar 20 

14 Apr 2000 Off Depoe Bay Southern Residents K. Balcomb, CWR  

30 Mar 2006 Off Columbia River K and L pods B. Hanson, NWFSC  

California 
29 Jan 2000 Monterey Bay K and L pods N. Black, MBWW Seen and photographed feeding on fish 

13 Mar 2002 Monterey Bay L pod N. Black, MBWW  

16 Feb 2005 Farallon Is L pod K. Balcomb, CWR  

26 Jan 2006 Pt. Reyes L pod S. Allen  

24 Jan 2007 San Francisco Bay K pod N. Black, MBWW  

18 Mar 2007 Fort Bragg L pod  Reported on CWR website 

24-25 Mar 2007 Monterey K and L pods  Reported on CWR website 

30 Oct 2007 Bodega Bay L pod Cascadia Research  

27 Jan 2008 Monterey L pod N. Black/K. Balcomb  

2 Feb 2008 Monterey K and L pods N. Black/K. Balcomb  
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4.2.5.3.1.1  Prey Requirements 
 
Southern Residents consume a variety of fish species (22 species) and one species of squid 
(Scheffer and Slipp 1948; Ford et al. 1998, 2000; Ford and Ellis 2006; Saulitis et al. 2000), but 
salmon are identified as their preferred prey (96 percent of prey consumed during spring, 
summer and fall, from long-term study of resident killer whale diet; Ford and Ellis 2006). 
Feeding records for Southern and Northern Residents show a strong preference for Chinook 
salmon (72 percent of identified salmonids) during late spring to fall (Ford and Ellis 2006). 
Chum salmon (23 percent) are also taken in significant amounts, especially in autumn.  Other 
salmonids eaten include coho salmon (2 percent), pink salmon (3 percent), steelhead (<1 
percent), and sockeye salmon (O. nerka < 1 percent).  The non-salmonids included Pacific 
herring, sablefish, Pacific halibut, quillback and yelloweye rockfish.  Chinook salmon were 
preferred despite the much lower abundance of Chinook salmon in the study area in comparison 
to other salmonids (primarily sockeye salmon), probably because of the species’ large size, high 
fat and energy content and year-round occurrence in the area.  Killer whales also captured older 
(i.e., larger) than average Chinook salmon (Ford and Ellis 2006).  
 
Southern Residents are the subject of ongoing research, including direct observation, scale 
sampling and fecal sampling.  Preliminary results of this research provide the best available 
scientific information on diet composition of Southern Residents in inland waters – the results 
are specific to Southern Residents, are based on direct observation, and produce three different 
lines of evidence.  This research provides information on (1) the percentage of Chinook salmon 
in the whales’ diet, (2) the predominant river of origin of those Chinook salmon, and (3) the age 
and/or size of the Chinook salmon.  Some of this information is supported by other research and 
analysis.  The results are specific to inland waters. 
 
4.2.5.3.1.2  Percentage of Chinook Salmon 
 
From May to September, when Southern Residents spend a high proportion of their time in the 
“core summer area” (San Juan Islands), their diet consists of approximately 86 percent Chinook 
salmon and 14 percent other salmon species (n=125 samples; Hanson et al. 2007, NWFSC 
unpubl. data).  During all sampling months combined (roughly May to December) their diet is 
approximately 69 percent Chinook salmon and 31 percent other salmon species (n=160 samples 
in inland waters).  During fall months in inland waters, when some Southern Residents are 
sighted inside Puget Sound, preliminary results indicate an apparent shift to chum salmon 
(Hanson et al. 2007, NWFSC unpubl. data).   
 
These data on the predominance of Chinook salmon in the killer whales’ diet are consistent with 
all previous studies of Southern and Northern Resident killer whales diet composition, described 
above.  Killer whales may favor Chinook salmon because Chinook salmon have the highest lipid 
content (Stansby 1976, Winship and Trites 2003), largest size, and highest caloric value per 
kilogram of any salmonid species (Osborne 1999, Ford and Ellis 2006).  The preference of 



Chinook salmon may also relate to size-selectivity.  When available, Chinook salmon tend to be 
consumed more often than chum salmon (2nd largest, Ford and Ellis 2006), and chum salmon 
appear to be favored over pink salmon (Saulitus et al. 2000).    
 
4.2.5.3.1.3  River of Origin 
 
The ongoing research provides insight into the river of origin of Chinook salmon consumed by 
the Southern Residents.  Genetic analysis of fecal and prey samples from the research indicates 
that Southern Residents consume Fraser River origin Chinook salmon, as well as salmon from 
Puget Sound, Washington and Oregon coasts, the Columbia River, and Central Valley California 
(Hanson et al. 2007, NWFSC unpubl. data).   
 
4.2.5.3.1.4  Age and/or Size 
 
The ongoing research discussed above also collected salmon scales from killer whale feeding 
events and used them to evaluate the age of the salmon consumed, finding that Southern 
Residents prefer older (hence larger) Chinook salmon (NWFSC unpubl. data). This finding is 
consistent with that of Ford and Ellis (2006) who also evaluated the age of prey from killer 
whale feeding events.  Ford and Ellis (2006) estimated size selectivity by comparing the age of 
fish consumed to the age distribution of fish in the area based on catch data obtained from the 
Pacific Salmon Commission (table 3 and figure 5 in Ford and Ellis 2006).  NWFSC evaluated 
the age of kills relative to the age distribution of Chinook salmon in a fisheries management 
model, FRAM (table 4-12; NMFS 2008, Ward et al. unpubl. report). 
 
Table 4-12.  Mean abundance by age class (%) and kills by age class (%).   

NWFSC (n=75) Ford & Ellis (2006; n=127) Age 
% Abundance % Kills % Abundance % Kills 

Age 2 59.0 - 9.6 0.7 
Age 3 25.8 10.4 35.7 11.3 
Age 4 13.4 45.5 48.0 55.9 
Age 5 1.7 41.6 6.5 31.5 

 
There is also theoretical support for size-selective prey preferences. Optimal foraging theory 
predicts that animals maximize the rate and efficiency of energy intake (reviewed by Pyke et al. 
1977), this is generally done by consuming prey that maximize the energy intake relative to 
handling time (Charnov 1976).  For apex predators, like killer whales, there are few risks 
associated with foraging (smaller organisms face risk of predation, killer whales do not), and 
prey choice is likely determined by the encounter rate of preferred species relative to sub-optimal 
species.  Additional empirical evidence supporting the selection of large prey items has been 
found in a variety of species, including selection of sockeye salmon by brown bears (Ruggerone 
et al. 2000, Carlson and Quinn 2007). 
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Less is known about diet preferences of Southern Residents off the Pacific Coast.  Although 
there are no fecal or prey samples or direct observations of predation events (where the prey was 
identified to species) in coastal waters, it is likely that salmon are also important when the 
whales are in coastal waters.  Chemical analyses support the importance of salmon in the year-
round diet of Southern Residents (Krahn et al. 2002, Krahn et al. 2007).  Krahn et al. (2002) 
examined the ratios of DDT (and its metabolites) to various PCB compounds in the whales, and 
concluded that the whales feed primarily on salmon throughout the year rather than other fish 
species.  Krahn et al. (2007) analyzed stable isotopes from tissue samples collected in 1996 and 
2004/2006.  Carbon and nitrogen stable isotopes indicated that J and L pods consumed prey from 
similar trophic levels in 2004/2006 and showed no evidence of a large shift in the trophic level of 
prey consumed by L pod between 1996 and 2004/2006. The preference of Southern Residents 
for Chinook salmon in inland waters, even when other species are more abundant, combined 
with information indicating that the killer whales consume salmon year round, makes it 
reasonable to expect that Southern Residents likely prefer Chinook salmon when available in 
coastal waters. 
 
4.2.5.3.1.5  Quantity of Prey 
 
It is uncertain to what extent long-term or more recent declines in salmon abundance contributed 
to the decline of the Southern Resident DPS, or whether current salmon levels are adequate to 
support the survival and recovery of the Southern Residents. When prey is scarce, whales must 
spend more time foraging than when it is plentiful.  Increased energy expenditure and prey 
limitation could lead to lower reproductive rates and higher mortality rates.  Food scarcity could 
cause whales to draw on fat stores, mobilizing contaminants stored in their fat and affecting 
reproduction and immune function (discussed further below).   
 
Ford et al. (2005) correlated coastwide reduction in Chinook salmon abundance (Alaska, British 
Columbia, and Washington) with decreased survival of resident killer whales (Northern and 
Southern Residents), but changes in killer whale abundance have not been definitively linked to 
local areas or changes in specific salmon stock groups.  Ward et al. (in review) correlated 
Chinook salmon abundance trends with changes in fecundity of Southern Residents, and reported 
the probability of calving increased by 50 percent between low and high Chinook salmon 
abundance years.  Results indicate the Chinook salmon abundance indices from the West Coast 
of Vancouver Island are an important predictor of the relationship.  
 
NMFS estimated that the Southern Resident population could need approximately 3.74 billion 
kilocalories annually from Chinook salmon across their coastal range (NMFS 2008). This 
estimate incorporated the 2008 age and sex structure of the Southern Resident population, and 
assumed a high diet composition of Chinook salmon (86 percent, as referenced above).  The size 
and energy content of Chinook salmon vary by age, stock, and season, amoung other factors.  
We provide a simplified estimate of Chinook salmon needed by the Southern Resident 
population in their coastal range based on a size range of Chinook salmon (fork length: 465 to 
777 mm) that Southern Residents are likely to select (Table 7.9.2.1-1 in NMFS 2008).  We use 
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the size range to evaluate a range in kilocalories per Chinook salmon (2,121 to 10,531 
kilocalories) based on a regression model of fork length to kilocalories (O’Neill et al. in prep).  
Based on these estimates, Southern Residents may need from approximately 356,000 to 1.76 
million to Chinook salmon annually across their coastal range. 
 
Human influences have had profound impacts on the abundance of many prey species in the 
northeastern Pacific during the past 150 years, including salmon. The health and abundance of 
wild salmon stocks have been negatively affected by altered or degraded freshwater and 
estuarine habitat (i.e., hydro-power systems, urbanization, forestry and agriculture), harmful 
artificial propagation practices, and overfishing (see Status sections for Chinook salmon, above).  
Predation in the ocean also contributes to natural mortality of salmon.  Salmonids are prey for 
pelagic fish, birds, and marine mammals, including killer whales. 
 
While wild salmon stocks have declined in many areas, hatchery production has been generally 
strong.  Hatchery production contributes a significant component of the salmon prey base 
returning to watersheds within the range of Southern Residents (Pacific Salmon Commission 
Joint Chinook Technical Committee 2008).  Although hatchery production has off-set some of 
the historical declines in the abundance of wild salmon within the range of Southern Residents, 
hatcheries also pose risks to wild salmon populations. In recent decades, managers have been 
moving toward hatchery reform, and are in the process of reducing risks identified in hatchery 
programs, through region-wide recovery planning efforts and hatchery program reviews.  
Healthy wild salmon populations are important to the long-term maintenance of prey populations 
available to Southern Residents, because it is uncertain whether a hatchery only stock could be 
sustained indefinitely. 
 
Salmon abundance is also substantially affected by climate variability in freshwater and marine 
environments, particularly by conditions during early life-history stages of salmon (review in 
NMFS 2008b).  Sources of variability include inter-annual climatic variations (e.g., El Niño and 
La Niña), longer-term cycles in ocean conditions (e.g., PDO, Mantua et al. 1997), and ongoing 
global climate change.  For example, climate variability can affect ocean productivity in the 
marine environment and water storage (e.g., snow pack) and in-stream flow in the freshwater 
environment.  Early life-stage growth and survival of salmon can be negatively affected when 
climate variability results in conditions that hinder ocean productivity (e.g., Scheurell and 
Williams 2005) and/or water storage (e.g., Independent Scientific Advisory Board 2007) in 
marine and freshwater systems, respectively.  However, severe flooding in freshwater systems 
may constrain salmon populations (NMFS 2008b).  The availability of adult salmon – prey of 
Southern Residents – may be reduced in years following unfavorable conditions to the early life-
stage growth and survival of salmon.  The effects of large-scale environmental variation on 
salmon populations are discussed in more detail in section 4.2.4.11.   
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4.2.5.3.1.6  Quality of Prey 
 
Contaminant levels in salmon affect the quality of Southern Resident prey.  Contaminants enter 
fresh and marine waters and sediments from numerous sources, but are typically concentrated 
near populated areas of high human activity and industrialization.  Recent studies have 
documented high concentrations of PCBs, DDTs, and polybrominated diphenylethers (PBDE) in 
killer whales (Ross et al. 2000, Ylitalo et al. 2001, Reijnders and Aguilar 2002, Krahn et al. 
2004).  As top predators, when killer whales consume contaminated prey they accumulate the 
contaminants in their blubber. When prey is scarce, killer whales metabolize their blubber and 
the contaminants are mobilized (Krahn et al. 2002).  Nursing females transmit large quantities of 
contaminants to their offspring.  The mobilized contaminants can reduce the killer whales’ 
resistance to disease and can affect reproduction.  Chinook salmon contain higher levels of some 
contaminants (i.e., PCBs) than other salmon species (O’Neill et al. 2005).  Only limited 
information is available for contaminant levels of Chinook salmon along the west coast (i.e., 
higher PCB and PBDE levels may distinguish Puget Sound origin stocks, whereas higher DDT-
signature may distinguish California origin stocks; Krahn et al. 2007). 
 
Size of individual salmon could affect the foraging efficiency required by Southern Residents. 
As discussed above, available data suggests that Southern Residents prefer larger prey.  In 
general, the literature indicates a historical decrease in salmon age, size, or size at a given age. 
Hypotheses advanced to explain declining body size are density-dependent growth and selection 
of larger, older fish by selective fisheries.  Bigler et al. (1996) found a decreasing average body 
size in 45 of 47 salmon populations in the Northern Pacific.  They also found that body size was 
inversely related to population abundance, and speculated that hatchery programs during the 
1980s and 1990s increased population sizes, but reduced growth rates due to competition for 
food in the ocean.  Fish size is influenced by factors such as environmental conditions, 
selectivity in fishing effort through gear type, fishing season or regulations, and hatchery 
practices.  The available information on size is also confounded by factors including inter-
population difference, when the size was recorded, and differing data sources and sampling 
methods (review in Quinn 2005). 
 
Southern Residents likely consume both natural and hatchery salmon (Barre 2008).  The best 
available information does not indicate that Southern Residents would be affected differently by 
consuming natural or hatchery salmon [i.e., no general pattern of differences in size, run-timing, 
or ocean distribution (e.g., Nickum et al. 2004, NMFS 2008c, Weitkamp and Neely 2002)]. 
Therefore, there is no scientific evidence to generally distinguish the quality of hatchery salmon 
from natural salmon as prey of Southern Residents across their range. 
 
4.2.5.3.2  Contaminants 
 
Many types of chemicals are toxic when present in high concentrations, including 
organochlorines, PAHs, and heavy metals.  Emerging contaminants such as brominated flame 
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retardants (BFRs) and perfluorinated compounds are increasingly being linked to harmful 
biological impacts as well.   
 
Persistent contaminants, such as organochlorines, are ultimately transported to the oceans, where 
they enter the marine food chain. Organochlorines are also highly fat soluble, and accumulate in 
the fatty tissues of animals (O’Shea 1999, Reijnders and Aguilar 2002).  Bioaccumulation 
through trophic transfer allows relatively high concentrations of these compounds to build up in 
top-level marine predators, such as marine mammals (O’Shea 1999).  Killer whales are 
candidates for accumulating high concentrations of organochlorines because of their high 
position in the food web and long life expectancy (Ylitalo et al. 2001, Grant and Ross 2002). 
Their exposure to these compounds occurs exclusively through their diet (Hickie et al. 2007).  
 
High levels of persistent organic pollutants (POPs) such as PCBs and DDT are documented in 
Southern Resident (Ross et al. 2000, Ylitalo et al. 2001).  These and other chemical compounds 
have the ability to induce immune suppression, impair reproduction, and produce other adverse 
physiological effects, as observed in studies of other marine mammals (review in NMFS 2008a).  
Immune suppression may be especially likely during periods of stress and resulting weight loss, 
when stored organochlorines are released from the blubber and become redistributed to other 
tissues (Krahn et al. 2002).  Although the ban of several contaminants, such as DDT, by Canada 
and the United States in the 1970s resulted in an initial decline in environmental contamination, 
Southern Residents may be slow to respond to these reductions because of their body size and 
the long duration of exposure over the course of their life spans, which is up to 80-90 years for 
females and 60-70 years for males (Hickie et al. 2007).   
 
4.2.5.3.3  Sound and Vessel Effects 
 
Vessels have the potential to affect whales through the physical presence and activity of the 
vessel, increased underwater sound levels generated by boat engines, or a combination of these 
factors.  Vessel strikes are rare, but do occur and can result in injury or mortality (Gaydos and 
Raverty 2007).  In addition to vessels, underwater sound can be generated by a variety of other 
human activities, such as dredging, drilling, construction, seismic testing, and sonar (Richardson 
et al. 1995, Gordon and Moscrop 1996, National Research Council 2003).  Impacts from these 
sources can range from serious injury and mortality to changes in behavior.   
 
Killer whale mortalities from vessel strikes have been reported in both Northern and Southern 
Resident killer whale populations.  Although rare, collisions between vessels and killer whales 
could result in serious injury.  Other impacts from vessels are less obvious, but may negatively 
affect the health of killer whales.  The presence of vessels may alter killer whale behavior, 
including faster swimming, less predictable travel paths, shorter or longer dive times, moving 
into open water, and altering normal behavioral patterns at the surface (Kruse 1991, Williams et 
al. 2002a, Bain et al. 2006, Luseau et al. 2009, Williams et al. 2009, Noren In Review).  
Chemicals such as unburned fuel and exhaust may be inhaled or ingested, which could contribute 
to toxic loads (Bain et al. 2006).  Noise from vessel traffic may mask echolocation signals (Bain 
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and Dahlheim 1994, Holt 2008), which reduces foraging efficiency or interferes with 
communication.  The sound from vessels may also contribute to stress (Romano et al. 2003) or 
affect distribution of animals (Bejder et al. 2006). 
 
Southern Residents are the primary driver for a multi-million dollar whale watching industry in 
the Pacific Northwest.  Commercial whale watching vessels from both the U.S. and Canada view 
Southern Residents when they are in inland waters in summer months.  Mid-frequency sonar 
generated by military vessels also has the potential to disturb killer whales.  To date, there are no 
directed studies concerning the impacts of military mid-frequency sonar on killer whales, but 
observations of unusual whale behavior during an event that occurred in the Strait of Juan de 
Fuca and Haro Strait in 2003 illustrate that mid-frequency sonar can cause behavioral 
disturbance (NMFS 2004).  
 
Killer whales rely on their highly developed acoustic sensory system for navigating, locating 
prey, and communicating with other individuals.  Increased levels of anthropogenic sound from 
vessels and other sources have the potential to mask echolocation and other signals used by the 
species, as well as to temporarily or permanently damage hearing sensitivity.  Exposure to sound 
may therefore be detrimental to survival by impairing foraging and other behavior, resulting in a 
negative energy balance (Bain and Dahlheim 1994; Gordon and Moscrop 1996; Erbe 2002; 
Williams et al. 2002a, 2002b, 2006; Holt 2008).  In other cetaceans, hormonal changes indicative 
of stress have been recorded in response to intense sound exposure (Romano et al. 2003). 
Chronic stress is known to induce harmful physiological conditions including lowered immune 
function, in terrestrial mammals and likely does so in cetaceans (Gordon and Moscrop 1996).  
 
4.2.5.3.4  Oil Spills 
 
Exposure to petroleum hydrocarbons released into the marine environment from oil spills and 
other discharge sources represents another potentially serious health threat to killer whales in the 
northeastern Pacific.  Oil spills are also potentially destructive to prey populations and therefore 
may adversely affect killer whales by reducing food availability. 
 
Marine mammals are generally able to metabolize and excrete limited amounts of hydrocarbons, 
but acute or chronic exposure poses greater toxicological risks (Grant and Ross 2002).  In marine 
mammals, acute exposure can cause changes in behavior and reduced activity, inflammation of 
the mucous membranes, lung congestion, pneumonia, liver disorders, and neurological damage 
(Geraci and St. Aubin 1990).  Vapors inhaled at the water’s surface and hydrocarbons ingested 
during feeding are the likely pathways of exposure.  Matkin (1994) reported that killer whales 
did not attempt to avoid oil-sheened waters following the Exxon Valdez oil spill in Alaska.  
Retrospective evaluation shows it is highly likely that oil exposure contributed to deaths of 
resident and transient pods of killer whales that frequented the area of the massive Exxon Valdez 
oil spill in Prince William Sound, Alaska, in 1989 (Matkin et al. 2008).  The cohesive social 
structure of the Southern Residents puts them at risk for a catastrophic oil spill that could affect 
the entire DPS when they are all in the same place at the same time.   
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4.2.5.4  Range-Wide Status and Trends 
 
Southern Residents are a long-lived species, with late onset of sexual maturity (review in NMFS 
2008a).  Females produce a low number of surviving calves over the course of their reproductive 
life span (an average of 5.3 surviving calves over an average reproductive lifespan of 25 years; 
Olesiuk et al. 2005).  Mothers and offspring maintain highly stable social bonds throughout their 
lives, which is the basis for the matrilineal social structure in the Southern Resident population 
(Bigg et al. 1990, Baird 2000, Ford et al. 2000).  Groups of related matrilines form pods.  Three 
pods – J, K, and L – make up the Southern Resident community.  Clans are composed of pods 
with similar vocal dialects and all three pods of the Southern Residents are part of the J clan. 
 
The historical abundance of Southern Residents is estimated from 140 to 200 whales.  The 
minimum estimate (~140) is the number of whales killed or removed for public display in the 
1960s and 1970s added to the remaining population at the time of the captures. The maximum 
estimate (~200) is based on a recent genetic analysis of microsatellite DNA (May 29, 2003, 68 
FR 31980). 
 
At present, the Southern Resident population has declined to essentially the same size that was 
estimated during the early 1960s, when it was likely depleted (Olesiuk et al. 1990, figure 4-13).  
Since censuses began in 1974, J and K pods steadily increased; however, the population suffered 
an almost 20 percent decline from 1996-2001, largely driven by lower survival rates in L pod.  
There were increases in the overall population from 2002-2007, however, the population 
declined in 2008 with 85 Southern Residents counted, 25 in J pod, 19 in K pod and 41 in L pod. 
Two additional whales have been reported missing since the 2008 census count.  Representation 
from all three pods is necessary to meet biological criteria for Southern Resident killer whale 
downlisting and recovery (NMFS 2008a).  
 
4.2.5.5  Extinction Risk 
 
A PVA for Southern Residents was conducted by the BRT (Krahn et al. 2004).  Demographic 
information from the 1970s to fairly recently (1974-2003, 1990-2003, and 1994-2003) were 
considered to estimate extinction and quasi-extinction risk.  “Quasi-extinction” was defined as 
the stage at which 10 or fewer males or females remained, or a threshold from which the 
population was not expected to recover.  The model evaluated a range in Southern Resident 
survival rates, based on variability in mean survival rates documented from past time intervals 
(highest, intermediate, and lowest survival).  The model used a single fecundity rate for all 
simulations. The study considered seven values of carrying capacity for the population ranging 
from 100 to 400 whales, three levels of catastrophic event (e.g., oil spills and disease outbreaks) 
frequency ranging from none to twice per century, and three levels of catastrophic event 
magnitude in which 0, 10, or 20 percent of the animals died per event. Analyses indicated that 
the Southern Residents have a range of extinction risk from 0.1 to 18.7 percent in 100 years and 
1.9 to 94.2 percent in 300 years, and a range of quasi-extinction risk from 1 to 66.5 percent in 
100 years and 3.6 to 98.3 percent in 300 years (table 4-13).   The population is generally at 
greater risk of extinction over a longer time horizon (300 years) than over a short time horizon 
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(100 years).  There is a greater extinction risk associated with increased probability and 
magnitude of catastrophic 
events.

Figure 4-13.  Population size and trend of Southern Resident killer whales, 1960-2008.  Data from 1960-1973 
(open circles, gray line) are number projections from the matrix model of Olesiuk et al. (1990).  Data from 
1974-2008 (diamonds, black line) were obtained through photo-identification surveys of the three pods (J, K, 
and L) in this community and were provided by the Center for Whale Research (unpubl. data).  Data for 
these years represent the number of whales present at the end of each calendar year except for 2008, when 
data extend only through July. 
 
Table 4-13.  Range of extinction and quasi-extinction risk for Southern Resident killer whales in 100 and 300 
years, assuming a range in survival rates (depicted by time period), a constant rate of fecundity, between 100 
and 400 whales, and a range catastrophic probabilities and magnitudes (Krahn et al. 2004). 

Extinction Risk (%) Quasi-Extinction Risk (%) Time Period 

100 yrs 300 yrs 100 yrs 300 yrs 

highest survival 0.1 – 2.8 1.9 – 42.4 1 – 14.6 3.6 – 67.7 

intermediate survival 0.2 – 5.2 14.4 – 65.6 6.1 – 29.8 21.4 – 85.3 

lowest survival 5.6 – 18.7 68.2 – 94.2 39.4 – 66.5 76.1 – 98.3 

 
 
5.0  ENVIRONMENTAL BASELINE 
 
The environmental baseline includes “the past and present impacts of all Federal, State, or 
private actions and other human activities in the action area, the anticipated impacts of all 
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proposed Federal projects in the action area that have already undergone formal or early section 
7 consultation, and the impact of State or private actions which are contemporaneous with the 
consultation in process” (50 CFR 402.02).  The environmental baseline provides a past, present, 
and future condition to which we add the effects of operating the proposed action, as required by 
regulation (“Effects of the action” in 50 CFR 402.02).  Section 2.3.3 describes our approach to 
characterizing the environmental baseline for the proposed ongoing action. 
 
The action area for the proposed action encompasses the entire freshwater range or a large 
portion of the freshwater range of the listed fish species and their proposed or designated critical 
habitat in this consultation.  Therefore, we refer the reader to the Status of the Species section for 
general information on the species’ biology, ecology, status, and population trends at the species 
scale.  We organized this section of the Opinion consistent with how Reclamation presented the 
analysis in the CVP/SWP operations BA, that is, by division.  The first part of each division 
section is a description and characterization of the current status of the species and proposed or 
designated critical habitat.  In order to understand the current stress regime that the listed species 
and their critical habitats are subjected to, the second part of each division section is a 
description of the historical condition of the species and their habitats.  Finally, each division has 
a section titled “Future Baseline Excluding CVP/SWP Effects.”  This is not NMFS’ attempt to 
describe a “no project operations” scenario.  Rather, this section identifies many of the major 
existing stressors that the listed species and their proposed or designated critical habitats are 
exposed to at the same time they will be exposed to the stressors of the proposed operations.  The 
exception to the above organization is climate change, which is a large scale phenomenon that 
does not fit within the geographic boundaries of the divisions.  Therefore, this environmental 
baseline section begins with a discussion of climate change, which is part of the future baseline.  
The action area encompasses a portion of the marine range of Southern Residents, however, the 
status of Southern Residents in the action area is the same as that described for the species as a 
whole and so is not repeated in this section.  The species status section on Southern Residents 
describes the stressors that affect their likelihood of survival and recovery in the wild.   
 
5.1  Climate Change as Part of the Future Baseline 
 
Climate change is a global environmental phenomenon that would occur irrespective of any 
operations of the CVP or SWP.  Appendix R of the CVP/SWP operations BA provides an 
analysis of potential climate change implications for the proposed action.  The analysis was 
scoped to illustrate how future operations and system conditions are sensitive to a range of future 
climate and sea level possibilities that may occur during the consultation horizon of the proposed 
action (i.e., 2030).  The base model for the climate change scenarios is study 8.0, that is, the 
effects of climate change are added to the effects of the future full build-out scenario in year 
2030. 
 
Study 9 suite encompasses a range of the following five climate change projections:  (1) Study 
9.1:  1 foot sea level rise; (2) Study 9.2:  wetter, less warming; (3) Study 9.3:  wetter, more 
warming; (3) Study 9.4:  drier, less warming; and (4) Study 9.5:  drier, more warming.  In 
general, Study 9.2 shows relatively more available water for storage, instream flows, and Delta 
pumping.  That scenario also shows less negative effects to the listed species and their proposed 
or designated critical habitats.  The other four studies showed more negative effects to the listed 
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species and their proposed and designated critical habitats relative to the base model of future 
full buildout in 2030. 
 
The impact of climate change in the future introduces greater uncertainty into the way in which 
water is managed in California.  The historic hydrologic pattern represented by CALSIM II 
modeling in CVP/SWP operations (past 82 years of record) can no longer be solely relied upon 
to forecast the future.  Precipitation and runoff patterns are changing, creating increased 
uncertainty for ecosystem functions.  The average snowpack in the Sierra Nevada decreased by 
10 percent in the last century, which translates into a loss of 1.5 MAF of snowpack storage 
(DWR 2008).  California’s air temperature has already increased by 1oF, mostly at night in 
winter, with the higher elevations experiencing the highest increase.  A corresponding increase in 
water temperature is likely to reduce the available habitat for species that depend on cold water 
like spring-run that require over summer holding pools.  Increasing water temperatures will also 
accelerate biological processes that impact anadromous fish like increased algae growth and 
decreased dissolved oxygen.  Climate change will affect the entire life cycle of salmonids and 
sturgeon through warmer ocean periods, changes in age and size at maturity, decline in prespawn 
survival and fertility due to higher stream temperatures, and a loss of lower elevation habitat 
(Crozier et al. 2008). 
 
Regardless of the base model used to analyze the effects of climate change in the CVP/SWP 
operations BA, the best available information indicates that climate change will negatively affect 
the Central Valley listed species and their proposed or designated critical habitats.  The 
following are general statements in Lindley et al. (2007), based on their analyses of recent 
climate change modeling: 

• The average precipitation will decline over time, while the variation in precipitation is 
expected to increase substantially.  Extreme discharge events are predicted to become 
more common, as are critically dry water years.  Peak monthly mean flows will 
generally occur earlier in the season due to a decline in the proportion of precipitation 
falling as snow, and earlier melting of the (reduced) snowpack (Dettinger et al. 2004 op. 
cit. Lindley et al. 2007, VanRheenen et al. 2004 op. cit. Lindley et al. 2007); 

• Temperatures in the future will warm significantly, total precipitation may decline, and 
snowfall will decline significantly. 

• Spring-run are likely to be negatively impacted by the shift in peak discharge (needed for 
smolt migration), and juvenile steelhead are likely to be negatively impacted by reduced 
summer flows.  All Central Valley salmonids are likely to be negatively affected by 
warmer temperatures, especially those that are in freshwater during the summer. 

• Increased frequency of scouring floods might be expected to reduce the productivity of 
populations, as egg scour becomes a more common occurrence.  The flip side of frequent 
flooding is the possibility of more frequent and severe droughts. 

• Uncertainties abound at all levels.  We have only the crudest understanding of how 
salmonid habitats will change and how salmonid populations will respond to those 
changes, given a certain climate scenario. 

 
NMFS agrees with the above general statements, and adopt them as our assessment of the future 
impacts of climate change for the purposes of the analysis in this Opinion. 
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5.2  Status of the Species and Critical Habitat in Clear Creek 
 
Clear Creek is a tributary to the upper Sacramento River (figure 5-1) and provides habitat for 
spring-run, and CV steelhead. 
 
5.2.1  Spring-Run 
 
Since 1998, spring-run have shown an increasing trend in abundance from 50 in 1998 to 
approximately 200 adults in 2008 (figure 5-2).  Juvenile spring-run from the Feather River Fish 
Hatchery were stocked into Clear Creek in 2002 and 2003 with the hope of imprinting them to 
return 3 years later.  These fish returned as adults in 2005 and 2006.  In addition, spring-run 
strays from Feather River Fish Hatchery have been observed spawning in Clear Creek. 
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Figure 5-1.  Map of Clear Creek and the distribution of steelhead and late fall-run redds in 2007 (USFWS 
2008). 
  
5.2.1.1  Spring-Run Critical Habitat 
 
Whiskeytown Dam at RM 18.1 is an impassable barrier to adult anadromous salmonids and 
marks the upstream extent of potential spring-run habitat.  Prior to 2000, the McCormick-
Saeltzer Dam presented a barrier to upstream migration for anadromous salmonids.  Following 
removal of the Dam in 2000, access to approximately 12 miles of coldwater habitat upstream to 
Whiskeytown Dam was restored.  The construction of Whiskeytown Dam, gold mining, and 
significant gravel mining in the Clear Creek watershed has diminished the availability and 
recruitment of suitable spawning gravels.  Gravel injection projects are conducted to make up for 
this loss of spawning gravel recruitment, but limited spawning habitat availability is a problem in 
Clear Creek.   
 
Currently the release schedule from Whiskeytown Dam calls for flows of 200 cfs from October 1 
to June 1 and 150 cfs, or less, from July through September in order to maintain water 
temperatures below 60°F.  Under dry and warm climate conditions, water temperatures above 
60° F occur in Clear Creek.  Lindley et al. (2004) suggested that Clear Creek appears to offer 
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habitat of marginal suitability to spring-run, having limited area at higher elevations and being 
highly dependent on rainfall. 
 

 

Clear Creek Spring-run Chinook 1993-2008
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Figure 5-2.  Clear Creek spring-run escapement 1993-2008 (CDFG data). 
 
5.2.2  CV Steelhead 
 
CV steelhead in Clear Creek have responded well to restoration efforts, which began in 1995 
with increased water releases from Whiskeytown Dam, and gravel augmentation.  These efforts 
have been funded primarily by the CVPIA and CALFED ERP.  The McCormick-Saeltzer Dam 
was removed in 2000, providing access to an additional 12 miles of salmonid habitat.  CV 
steelhead have re-colonized this area and taken advantage of newly added spawning gravels.  
Recent redd surveys conducted since 2003 indicate a small but increasing population resides in 
Clear Creek (figure 5-3), with the highest density in the first mile below Whiskeytown Dam 
(USFWS 2007).  Spawning gravel is routinely added every year at various sites to compensate 
for channel down cutting.  Spawning distribution has recently expanded from the upper 4 miles 
to throughout the 17 miles of Clear Creek, although it appears to be concentrated in areas of 
newly added spawning gravels.  In addition to the anadromous form of O. mykiss, many resident 
trout reside in Clear Creek, making it difficult to identify CV steelhead except when they are 
spawning (i.e., resident trout spawn in the spring and have smaller-size redds).  Large riverine O. 
mykiss that reside in the Sacramento River can migrate up Clear Creek to spawn with either the 
anadromous or resident forms.  No hatchery steelhead (i.e., presence of adipose fin-clip) were 
observed during the 2003-2007 kayak and snorkel surveys (USFWS 2007, figure 5-3), indicating 
that straying of hatchery steelhead is probably low in Clear Creek. 
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Figure 5-3.  Abundance of CV steelhead in Clear Creek based on annual redd counts 2003-2009.  Spawning 
population based on average 1.23 males per female on the American River (Hannon and Deason 2007).  2009 
estimate is preliminary based on 4 surveys (USFWS 2008, Brown 2009). 
 
5.2.2.1  CV Steelhead Critical Habitat 
 
Whiskeytown Dam at RM 18.1 is an impassable barrier to adult anadromous salmonids and 
marks the upstream extent of potential steelhead habitat.  Prior to 2000, the McCormick-Saeltzer 
Dam presented a barrier to upstream migration for anadromous salmonids.  Following removal 
of the Dam in 2000, access to approximately 12 miles of coldwater habitat upstream to 
Whiskeytown Dam was restored.  The construction of Whiskeytown Dam, gold mining, and 
significant gravel mining in the Clear Creek watershed has diminished the availability and 
recruitment of suitable spawning gravels.  Gravel injection projects are conducted to make up for 
this loss of spawning gravel recruitment, but limited spawning habitat availability is a problem in 
Clear Creek.   
 
Currently the release schedule from Whiskeytown Dam calls for flows of 200 cfs from October 1 
to June 1 and 150 cfs, or less, from July through September in order to maintain water 
temperatures below 60°F.  Under dry and warm climate conditions, water temperatures above 
60°F occur in Clear Creek.  Lindley et al. (2004) suggested that Clear Creek appears to offer 
habitat of marginal suitability to steelhead, having limited area at higher elevations and being 
highly dependent on rainfall. 
 
5.2.3  Historical Conditions  
 
The historic pre-Whiskeytown Dam hydrograph shows a much different flow pattern than the 
current hydrograph (figure 5-4).  Average monthly flows decreased 75 percent in the 
winter/spring (600 cfs to 150 cfs), and increased 40 percent during the summer/fall (<30 cfs to 
50 cfs).   
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Figure 5-4.  Clear Creek monthly flows comparing pre-Whiskeytown Dam (1941-1964) to post dam (1965-
2004) flows.  The vertical lines represent the range of variability analysis boundaries (CVP/SWP operations 
BA figure 3-21). 
 
Reclamation operates Whiskeytown Dam to convey water from the Trinity River to the 
Sacramento River via the Spring Creek tunnel.  On average, 1.2 MAF (up to 2,000 cfs) of water 
from the Trinity River is diverted each year into Keswick Reservoir compared to 200 cfs 
released to Clear Creek for fishery needs.  The Trinity River diversion represented 17 percent of 
the average flows in the Sacramento River (CVP/SWP operations BA).  However, since 
implementing the Trinity Record of Decision (ROD) flows in 2004, the Trinity River diversion 
has provided a smaller proportion (than 17 percent) of the average flows to the Sacramento 
River.  Hydroelectric power is generated 5 times from the inter-basin transfer of water:  (1) 
Trinity Dam, (2) Lewiston Dam, (3) through a tunnel to the Carr Powerhouse where water is 
received into Whiskeytown Reservoir, (4) through another tunnel into Spring Creek Power Plant 
where water joins the Keswick Reservoir, and (5) Keswick Dam.  Reclamation releases water 
from Whiskeytown Dam into Clear Creek to support anadromous fish.  On average, 200 cfs is 
released during the fall and winter, and is supported by b(2) flows.  Releases are reduced to 80 
cfs in the summer to install the fish barrier weir (figure 5-5).  Since 2004, the USFWS has 
separated fall-run adults from spring-run adults holding in the upper reaches of Clear Creek with 
the use of a picket weir located at RM 8.0.  The weir is operated from August 1 to November 1 
to prevent the hybridization of spring-run and fall-run.  After November 1, fall-run have access 
to the entire river for spawning.  Spawning gravel augmentation in the upper reaches has 
improved suitable habitat for spring-run. 
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Figure 5-5.  Clear Creek long-term average monthly flows as modeled in CALSIM 1923-2003 (CVP/SWP 
operations BA figure 10-30). 
 
The average mean daily flow from 2003-2007 was 281 cfs (range:  212 - 493 cfs), and the 
average mean daily water temperatures ranged from 43°F to 52°F during the spawning period 
(December – June, figure 5-6).  Flows increase starting in September for Chinook salmon 
spawning and to provide cooler water temperatures (i.e., 56°F for spring-run September 15 – 
October 30 required from the 2004 CVP/SWP operations Opinion).  Flows that scour redds and 
mobilize gravel usually occur at 3,000 cfs or more (CVP/SWP operations BA).  Clear Creek 
flows are managed to maintain water temperatures for juvenile CV steelhead and spring-run 
adults holding in the upper reaches.  Flows are maintained with b(2) water and usually are at the 
lowest (i.e., 80-90 cfs in a dry year) in the fall (figure 5-7) before spawning starts. 
 
5.2.4  Future Baseline Excluding CVP/SWP Effects 
 
The future baseline for Clear Creek includes the presence of Whiskeytown Dam and its 
associated stressors, including the loss of natural riverine function and morphology.  The effects 
of habitat blockage were described in section 4.2.4.1.  The dam also limits the contribution of 
course sediment, which result in riffle coarsening, fossilization of alluvial features, loss of fine 
sediments available for overbank deposition, and considerable loss of spawning gravels, and as 
such, the availability of spawning habitat.  In addition, Whiskeytown Dam modifies the stream 
channel morphology of Clear Creek, resulting in the lack of suitable habitat during the summer 
for juvenile rearing and adult holding. 
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Clear Creek at Igo Water Temperatures, 1996-2006
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Figure 5-6.  Clear Creek historical mean daily water temperatures 1996 – 2006 (CVP/SWP operations BA 
figure 3-12).  Temperature objectives (horizontal dark blue lines) are 60ºF from June 1 through September 15 
and 56ºF from September 15 through October 31, pursuant to the 2004 CVP/SWP operations Opinion. 
 

 
Figure 5-7.  Clear Creek average daily flows measured at Igo gage 10/30/07 – 10/30/08 (CDEC data). 
 
Whiskeytown Dam precludes access to historic spring-run and CV steelhead spawning and 
rearing habitat.  In addition, spring-run historically spawned earlier and higher upstream in Clear 
Creek than fall-run.  However, since the construction of Whiskeytown Dam, there was likely a 
high degree of spatial overlap between spawning spring-run and fall-run, and therefore, a higher 
probability of introgression of the 2 runs.   
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5.3  Status of the Species and Critical Habitat in the Shasta Division and Sacramento River 
Division 
 
The Shasta Division and Sacramento River Division of the CVP are located in the upper 
Sacramento River (figure 5-8), and provide habitat for winter-run, spring-run, fall-run, late-fall 
run, CV steelhead, and Southern DPS of green sturgeon.  Table 5-1 provides the life history 
timing of these species in the upper Sacramento River. 
 
Table 5-1.  Life history timing for anadromous fish species in the upper Sacramento River. 

Species Adult 
Immigration 

Adult 
Holding  

Typical 
Spawning 

Egg 
incubation 

Juvenile 
rearing 

Juvenile 
emigration 

Winter-run Dec - Jul Jan - May Apr - Aug Apr - Oct Jul - Mar Jul - Mar 
Spring-run Apr - Jul May - Sept Aug - Oct Aug - Dec Oct - Apr Oct - May 
Fall-run Jul - Dec n/a Oct - Dec Oct - Mar Dec - Jun Dec - Jul 
Late fall-run Oct - Apr n/a Jan - Apr Jan - Jun Apr - Nov Apr - Dec 
Steelhead Aug - Mar Sept - Dec Dec - Apr Dec - Jun year round Jan - Oct 
Green sturgeon Feb - Jun Jun - Nov Mar - Jul Apr - Jun May - Aug May - Dec 
 
5.3.1  Winter-Run 
 
The upper Sacramento River is the only spawning area used by winter-run.  The status of winter-
run in the Sacramento River Division is the same as its status in the entire winter-run ESU, 
which was presented in section 4.2.1.2.1. 
 
5.3.1.1  Winter-Run Critical Habitat 
 
Critical habitat for winter-run is composed of physical and biological features that are essential 
for the conservation of winter-run, including up and downstream access, and the availability of 
certain habitat conditions necessary to meet the biological requirements of the species.  
Currently, many of these physical and biological features are impaired, and provide limited 
conservation value.  For example, when the gates are in, RBDD reduces the value of the 
migratory corridor for upstream and downstream migration.  Unscreened diversions throughout 
the mainstem Sacramento River, and the DCC when the gates are open during winter-run 
outmigration, do not provide a safe migratory corridor to San Francisco Bay and the Pacific 
Ocean. 
 
In addition, the annual change in TCP has degraded the conservation value of spawning habitat 
(based on water temperature).  The current condition of riparian habitat for winter-run rearing is 
degraded by the channelized, leveed, and riprapped river reaches and sloughs that are common in 
the Sacramento River system.  However, some complex, productive habitats with floodplains 
remain in the system (e.g., Sacramento River reaches with setback levees (i.e., primarily located 
upstream of the City of Colusa) and flood bypasses (i.e., Yolo and Sutter bypasses).   
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Figure 5-8.  Map of the upper Sacramento River, including various temperature compliance points and river 
miles (CVP/SWP operations BA figure 6-2). 
 
Based on the impediments caused by RBDD when the gates are in, unscreened diversions, when 
the DCC gates are open during the winter-run outmigration period, and the degraded condition of 
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spawning habitat and riparian habitat, the current condition of winter-run critical habitat in the 
Sacramento River Division is degraded, and has low value for the conservation of the species.   
 
5.3.2  Spring-Run  
 
The abundance of the spring-run population within the mainstem Sacramento River has declined 
from a high of over 75,000 in 1982 to the current low of less than 800 counted at RBDD (figure 
5-9).  Significant hybridization with fall-run has made identification of spring-run in the 
mainstem very difficult to determine.  There is speculation as to whether a true spring-run still 
exists in the mainstem below Keswick Dam.  The population structure of the ESU has shifted 
from being mainly made up of Sacramento River fish to one dominated by returns to Butte Creek 
(figure 5-10).  This shift may have been an artifact of the manner in which spring-run were 
identified at RBDD.  Fewer spring-run are counted today at RBDD because an arbitrary date, 
September 1, is used to determine spring-run, and gates are opened longer for winter-run 
passage.  It is unknown if spring-run still spawn in the Sacramento River mainstem.  Current 
redd surveys have observed 20-40 salmon redds in September, typically when spring-run spawn, 
however, there is no peak that can be separated out from fall-run spawning.  Salmon redds 
observed in September could be early spawning fall-run.  These redds are distributed from 
Keswick Dam to below RBDD. 

 
Figure 5-9.  Estimated yearly spring-run escapement and natural production above RBDD (Hanson 2008). 
 
Since 2000, the spring-run counts at RBDD have fluctuated after the RBDD gates were installed 
on May 15, from years where 0 fish were observed (2003 and 2006), to 767 adults in 2007 
(figure 5-11).  This variability in abundance is typical of random chance events in small salmon 
populations subjected to large stress regimes.  These numbers do not reflect the current 
abundance of spring-run in the tributaries above RBDD (i.e., Battle Creek, Clear Creek, 
Cottonwood Creek, and Cow Creek).  For example, Clear Creek escapement in 2006 was 197 
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spring-run, yet the RBDD ladder count was 0 that year.  This is because the RBDD gates were 
open when the majority of those fish entering Clear Creek passed upstream, therefore, none were 
counted in the fish ladders.   
 

           

Distribution of Spring Run Chinook Salmon Spawners in the 
Sacramento River Upstream of the Feather River (1970-2001)
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Figure 5-10.  Distribution of spring-run above and below RBDD from 1970 -2001 (CDFG Grand Tab). 
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Figure 5-11.  Spring-run escapement counted at Red Bluff Diversion Dam from 2000 – 2007 (CDFG 
GrandTab 2008). 
 
5.3.2.1  Spring-Run Critical Habitat 
 
Within the range of the spring-run ESU, biological features of the designated critical habitat that 
are considered vital for spring-run include freshwater spawning sites, freshwater rearing sites, 
freshwater migration corridors, and estuarine areas.  As generally described above in section 
4.2.1.3.3, the status of critical habitat in each of these biological features is considered to be 
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highly degraded, particularly with respect to habitats within the mainstem Sacramento River and 
the Delta.  The quality of spawning habitat used by spring-run in the mainstem Sacramento River 
is diminished when fall-run, which commence spawning later than but still during spring-run 
spawning, arrive at the spawning grounds and physically disturb spring-run redds during their 
redd construction.  Spawning habitat for spring-run in the mainstem Sacramento River is often 
adversely affected by operation of the CVP through warm water releases from Shasta Reservoir.  
Freshwater rearing and migration habitats have been degraded by RBDD operations which delay 
upstream migration, reduce the availability of quality rearing habitat through the related seasonal 
creation of Lake Red Bluff, and create improved feeding opportunities for predators such as 
pikeminnow and striped bass.  Additional adverse effects to rearing and migration habitats within 
the Sacramento River include loss of natural river function and floodplain connectivity through 
levee construction, direct loss of floodplain and riparian habitat, and effects to water quality 
associated with agricultural, urban, and industrial land use.   
 
5.3.3  CV Steelhead 
 
Estimates of CV steelhead abundance in the mainstem Sacramento River typically use the 
RBDD counts from historical trend data.  Since 1991, the RBDD gates have been opened after 
September 15, making estimates of CV steelhead pass RBDD unreliable.  Based on counts at 
RBDD, adult migration into the upper Sacramento River can occur from July through May, but 
peaks in September, with spawning occurring from December through May (Hallock 1998).  
Since operation of the RBDD gates started in 1967, the CV steelhead abundance in the upper 
Sacramento River has declined from almost 20,000 to less than 1,200 (figure 5-12).  We note 
that figure 5-12 shows a definite and continuing decline over time and that there is a change in 
the species trajectory since 1979, similar to the winter-run decline in the Sacramento River 
Division.     
 
Actual estimates of CV steelhead spawning in the mainstem Sacramento River below Keswick 
Dam have never been made, due to high flows and poor visibility during the winter time.  Aerial 
redd surveys conducted for winter-run have observed resident O. mykiss spawning in May and 
late fall-run spawning in January.  Since resident trout redds are smaller than steelhead redds, 
and late fall-run spawn at the same time as steelhead, it would seem likely that CV steelhead 
redds could be observed.  A CV steelhead monitoring plan is being developed by CDFG with a 
goal of determining abundance in the Sacramento River (Hopelain 2008).  CV steelhead prefer to 
spawn in tributaries, but are known to spawn in mainstem rivers below impassable dams when 
access to spawning habitat is blocked (e.g., Feather River, American River, Stanislaus River). 
 
5.3.3.1  CV Steelhead Critical Habitat 
 
Within the range of CV steelhead, biological features of the designated critical habitat that are 
considered vital for steelhead include freshwater spawning sites, freshwater rearing sites, 
freshwater migration corridors, and estuarine areas.  As generally described above in section 
4.2.3.4, the status of critical habitat in each of these biological features is considered to be 
degraded.  Freshwater rearing and migration habitats have been degraded by RBDD operations 
which delay upstream migration, reduce the availability of quality rearing habitat through the 
related seasonal creation of Lake Red Bluff, and create improved feeding opportunities for 
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predators such as pikeminnow and striped bass.  Additional adverse effects to rearing and 
migration habitats within the Sacramento River include loss of natural river function and 
floodplain connectivity through levee construction, direct loss of floodplain and riparian habitat, 
and effects to water quality associated with agricultural, urban, and industrial land use.   
 

 
Figure 5-12.  Estimated yearly number of natural spawning CV steelhead on the Sacramento River upstream 
of the RBDD 1967-2005.  Data from 1992 to 2005 is based on tributary counts from CDFG, Red Bluff 
(Hanson 2008). 
 
5.3.4  Southern DPS of Green Sturgeon  
 
Currently, the installation and operation of the RBDD gates blocks access to 53 miles of upper 
river with suitable water quality conditions for green sturgeon spawning and rearing from May 
15 through September 15 of each year.  Water temperature for spawning and egg incubation is 
near optimal (15oC) from RBDD upriver during the spawning season.  Below the RBDD, the 
water temperature begins to become warmer and exceeds the thermal tolerance level for egg 
incubation at Hamilton City.  The spawning area left for green sturgeon between RBDD and 
Hamilton City after the gates are lowered has the thermal regime gradually increase from optimal 
(15oC/59oF) to sub optimal where egg hatching success decreases and malformations in embryos 
increase above 17oC/62oF. 
 
The installation of the RBDD impairs the function of the Sacramento River as a migratory 
corridor for both green sturgeon adults and larvae/juveniles.  With the RBDD gates closed, there 
is no longer unobstructed access to river habitat above the RBDD, which changes the function of 
the river to such an extent that fish survival and viability are compromised.  The closed gates 
block green sturgeon access to approximately 53 river miles above the dam for approximately 35 
to 40 percent of the spawning population that arrive after May 15.  The closed gates also 
decrease the conservation value of critical habitat around the dam by:  (1) increasing the 
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potential for predation on downstream emigrating larvae in the slow moving water upstream of 
the RBDD (Lake Red Bluff), (2) increasing predation below RBDD due to the turbulent boil 
created below the structure and the concentration of predators in that area, and (3) creating 
increased potential for adults to be injured while attempting to pass beneath the gates during their 
downstream migration.  The closed gate configuration also has the potential to alter the genetic 
diversity of the population by separating the population into upstream and downstream spawning 
groups based on run timing.  
 
The installation of the RBDD blocks green sturgeon from known holding pools above the 
structure.  Although known holding areas exist below the RBDD, such as the hole just above the 
GCID diversion, the RBDD decreases the number of deep holding pools the adult fish can access 
through its operation.  This affect is a result of blockage of the migratory corridor. 
 
5.3.4  Historical Conditions 
 
The historical pre-Shasta Dam hydrograph shows a much different flow pattern than the current 
hydrograph (figure 5-13).  The current hydrograph shows reduced average monthly springtime 
flows (historical:  16,000 cfs; current:  12,000 cfs) and much higher average monthly summer 
flows (historical:  5,000 cfs; current:  12,000 cfs).  Releases of water for irrigation and other 
Project purposes are timed to occur during summer months when demand is high.  This dual 
purpose is practical because it provides benefits to both listed species (which can no longer 
access the upper Sacramento River basin) and water users, but is also ecologically unsound 
because it prevents riverine processes and natural succession of riparian communities as well as 
the full expression of life history strategies in the basin’s fish populations that evolved in unison 
with the natural flow fluctuations.  Lindley et al. (2006) suggest that dams may exert selective 
effects on anadromous O. mykiss, culling the anadromous offspring produced, and modifying the 
thermal regime and food web structure of the river below the dam in ways that may provide 
fitness advantages to resident forms.  Recent modeling by The Nature Conservancy (2007) found 
that the health of the river and ESA-listed species would benefit more from a natural flow regime 
that mimics the historical hydrograph. 
 
5.3.5  Future Baseline Excluding CVP/SWP Effects 
 
The upper Sacramento River mainstem contains 4 listed anadromous fish that use this area for 
migration, spawning, and rearing (i.e., winter-run, spring-run, CV steelhead, and Southern DPS 
of green sturgeon).  These fish will be subjected to a host of future baseline stressors (figure 5-
14) to which the project effects are added.   
 
In the Shasta Division and Sacramento River Division, future baseline stressors include the 
following, followed by references in parentheses to where the effects of these stressors on the 
listed species and their habitats are described:   

• habitat blockage by Shasta and Keswick dams (section 4.2.4.1);  
• bank stabilization (rip rap, armoring, revetment), which result in river narrowing, less 

channel complexity, less food production, less cover and shelter, loss of shaded aquatic 
habitat, and the loss of LWD recruitment (section 4.2.4.5);  
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• agricultural return flows, which include pesticides, herbicides, and other contaminants 
(sections 4.2.4.6 and 4.2.4.7);  

• predation (pike minnow, smallmouth bass, striped bass) and competition from introduced 
species better suited to regulated rivers (section 4.2.4.10); and  

• climate change (sections 5.1, 5.3.6.1).   
 

 
Figure 5-13.  Sacramento River at Bend Bridge monthly flows comparing pre-Shasta Dam (1892-1945) and 
post Shasta (1946 -2004) flows.  Vertical lines represent the range of variability analysis boundaries 
(CVP/SWP operations BA figure 3-20). 
 
Some of the above stressors (e.g., predation) will work individually to affect the fitness of the 
listed species and critical habitat, while others will work together (e.g., temperature and 
contaminants) to reduce the ability of the individual to respond to important cues, like when to 
feed, migrate, or flee a predator. Regardless, the combination of all of the above stressors will 
result in fitness consequences to individuals of all of the listed species, including, but not limited 
to:  reduced growth from the effects of reduced water quality, lack of rearing habitat, and 
increased competition from introduced species; reduced survival as a result of predation; and 
reduced reproductive success resulting from habitat blockage.  In addition, although critical 
habitat is designated or proposed up to Keswick Dam, the other stressors, above, limit the 
conservation value of the PCEs that the Shasta Division and Sacramento River Division provide, 
including uncontaminated habitat areas, adequate prey, riparian habitat, freshwater rearing 
habitat, and suitable water quality. 
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Figure 5-14a.  Conceptual model of future baseline stressors and project-related stressors on listed species in 
the upper Sacramento River mainstem. 
 
5.3.5.1  Climate Change 
 
As discussed in section 2.3.3, a “no project” scenario was not run.  Climate change is an 
environmental phenomenon that is part of the future baseline and would occur irrespective of any 
operations of the CVP or SWP.  The effects of climate change would have certainly been 
included in a “no project” scenario.  Section 5.1 briefly described Reclamation’s use of the Study 
9 suite, which uses the Study 8.0 future full build out as the base case.  NMFS understands that 
the results of Study 9 suite are not appropriate to use in this discussion of future baseline, as it 
includes operations.  However, NMFS believes that a relative comparison between the various 
studies within the Study 9 suite will provide valuable insight regarding the effects of climate 
change on the aquatic ecosystem and fishery resources. 
 
In the Sacramento River, comparing climate change scenarios (Study 9.0 base vs Study 9.5 drier, 
more warming) shows that average winter-run and fall-run mortality increases from 15 percent to 
25 percent, and average spring-run mortality increases from 20 percent to 55 percent (figure 5-
14b).  Reclamation’s mortality model was not run for CV steelhead because steelhead have a 
shorter incubation period than salmon, and the model would have to be changed.  However, late-
fall salmon can be used as a surrogate for CV steelhead since they spawn at similar times in the 
winter.  Late fall-run mortality increases in Study 9.5 (drier, more warming) and Study 9.3 
(wetter, more warming) under all water year types on average 4 percent over the future full build 
out scenario (Study 9.0).  Under these conditions, winter-run and spring-run would experience a 
loss of spawning habitat, as water temperatures below dams becomes harder to control and the 
cold water pool in Shasta diminishes.   
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CV steelhead would experience less of a loss on the mainstem Sacramento River, since they 
spawn in the late winter when water temperatures are not as critical to incubation.  However, 
resident forms of O. mykiss spawn in May, when water temperatures exceed 56oF at Bend Bridge 
in 25 percent of future water years (CVP/SWP operations BA figure 10-83).  This resident life 
history pattern represents a reserve that anadromous fish can interbreed with if there are too few 
CV steelhead (Zimmerman et al. 2008).  It is likely that given warmer water temperatures 
resident O. mykiss would move upstream closer to Keswick Dam where temperatures are cooler, 
or into smaller tributaries like Clear Creek, which would limit steelhead life history diversity in 
Clear Creek.   
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Figure 5-14b.  Sacramento River average Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.   All studies except 9.0 include 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (CVP/SWP operations BA figure 11-82). 
 
Similar climate change modeling was conducted using a quantitative model (WEAP21) of the 
Sacramento River flow and temperature regime downstream to Hamilton City (Yates et al. 
2008).  This model compared water temperatures at Shasta Dam with and without managed 
releases for temperature control.  In the unmanaged regime, the model assumes that Shasta Dam 
does not exist and that there is no irrigation demand.  Using the observed historical record for 
years before the TCD was installed, Yates et al. (2008) used the WEAP21 model to calculate 
effects on winter-run, spring-run, and fall-run under a 3.5o F and 7oF water temperature warming 
change. Under a 3.5oF warming scenario, water temperatures at Keswick would be at or below 
the optimum upper temperature of 56oF for spawning and rearing, and then increase from that 
point downstream, except in the driest years.  Under a 7oF warming scenario, even in wet years, 
spawning and rearing water temperature requirements would be exceeded in September and 
October from Keswick Dam to Hamilton City (Yates et al. 2008).  The results of the WEAP21 
modeling suggest that even with the use of the TCD on Shasta Dam, water managers will be 
challenged to maintain suitable water temperatures in the upper Sacramento River (i.e., Keswick 
to Hamilton City).  Yates et al. (2008) concluded that cold water releases from Shasta Reservoir 
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play a role in maintaining suitable habitat for spawning and rearing Chinook salmon as far 
downstream as Hamilton City, and that climate change could be a major determinant of the 
future viability of adult and juvenile reproduction and migration strategies.  Winter-run and 
spring-run were shown to be most at risk due to the timing of their reproduction.  Without the 
cold water releases from Shasta Dam, water temperatures would exceed the physiological 
tolerances by 5oF or more, and winter-run and spring-run populations would not likely persist in 
the mainstem.  The study also found that the availability of cold water releases is reduced as 
warming increases the demand for water and evaporative losses in Shasta Reservoir. 
 
5.4  Status of the Species and Critical Habitat in the American River Division 
 
5.4.1  CV Steelhead 
 
The American River (figure 5-15) is a tributary to the Sacramento River and provides habitat for 
a dependent population of CV steelhead.  The CV steelhead DPS includes naturally-spawned 
steelhead in the American River (and other Central Valley stocks) and excludes steelhead 
spawned and reared at Nimbus Fish Hatchery.  Population abundance estimates of naturally 
spawning steelhead in the American River were 305, 1,462 and 255 for the 1991, 1992 and 1993 
spawning seasons, respectively (Water Forum 2005a), although the methodology for how these 
estimates were obtained was not stated.   
 
From 2002 through 2007, annual population abundance estimates for American River steelhead 
spawning in the river have been low, ranging from about 160 to about 240 (Hannon and Deason 
2008, figure 5-16).  Populations at low abundance levels, such as those estimated for naturally 
spawning steelhead in the American River, could become extinct due to demographic 
stochasticity - seemingly random effects of variation in individual survival or fecundity with 
little or no environmental pressure (Shaffer 1981, Allendorf et al. 1997, McElhany et al. 2000).  
The naturally spawning population of steelhead is mostly composed of fish originating from 
Nimbus Fish Hatchery (Water Forum 2005a).  This means that the listed population (i.e., 
naturally-spawned fish) spawning in the lower American River is at an abundance level lower 
than the estimates provided by Hannon and Deason (2008) and is likely on the order of tens.   
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Figure 5-15.  Map of lower American River (Modified from Water Forum 2005a). 
 
In addition to small population size, other major factors influencing the status of naturally 
spawning steelhead in the American River include:  (1) a 100 percent blockage of historic 
spawning habitat resulting from the construction of Nimbus and Folsom dams (Lindley et al. 
2006), which has obvious and extreme implications for the spatial structure of the population; 
and (2) the operation of Nimbus Fish Hatchery, which has completely altered the diversity of the 
population.  Specific information on how these factors have affected (and continue to affect) 
naturally-spawned steelhead in the American River are presented below in section 6.4 titled 
American River Division. 
 
Lindley et al. (2007) classifies the listed (i.e., naturally spawning) population of American River 
steelhead at a high risk of extinction because this population is reportedly mostly composed of 
steelhead originating from Nimbus Fish Hatchery.  The small population size and complete loss 
of historic spawning habitat and genetic composition further support this classification. 
 
5.4.1.1  CV Steelhead Critical Habitat 
 
The PCEs of steelhead critical habitat in the lower American River include freshwater spawning, 
freshwater rearing, and freshwater migration habitats.  There is a general consensus in the 
available literature suggesting that habitat for steelhead in the American River is impaired 
(CVP/SWP operations BA; Water Forum 2005a,b; SWRI 2001; CDFG 1991, 2001).  Of 
particular concern are warm water temperatures during embryo incubation, rearing, and 
migration, flow fluctuations during embryo incubation and rearing, and limited flow-dependent 
habitat availability during rearing.  All of these concerns are related to water management 
operations of the CVP. 
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Figure 5-16.  Population estimates of steelhead spawning in the lower American River.  Estimates from the 
early 1990s were reported in Water Forum (2005a), and estimates for 2002 through 2007 were obtained 
through redd survey monitoring assuming each female steelhead had two redds (Hannon and Deason 2008). 
 
5.4.2  Historical Conditions 
 
Including the mainstem, and north, middle, and south forks, historically, over 125 miles of 
riverine habitat were available for anadromous salmonids in the American River watershed 
(Yoshiyama et al. 1996).  Anadromous salmonids that utilized this habitat included spring-run 
and fall-run Chinook salmon, and summer-run, fall-run and winter-run steelhead (Gerstung 
1971).  Sumner and Smith (1940 op. cit. SWRI 2001) estimated that the American River 
historically may have supported runs exceeding 100,000 Chinook salmon annually, prior to 
habitat degradation from mining and creation of migration barriers from dam construction.  
Composition of the anadromous salmonid runs in the American River has changed over time due 
to habitat degradation and elimination resulting from the construction of dams (Yoshiyama et al. 
1996).  Between 1850 and 1885, hydraulic mining deposited large amounts of sediment in the 
American River (Yoshiyama et al. 1996).  As reported in SWRI (2001), “An estimated 257 
million yards of gravel, silt and debris were washed into the river from hydraulic mining (Gilbert 
1917 cited in Sumner and Smith 1940).”   
 
Between 1944 and 1947, annual counts of summer-run steelhead passing through the fish ladder 
at Old Folsom Dam (RM 27) during May, June, and July ranged from 400 to 1,246 fish 
(Gerstung 1971).  After 1950, when the fish ladder at Old Folsom Dam was destroyed by flood 
flows, summer-run steelhead perished in the warm water in areas below Old Folsom Dam.  By 
1955, summer-run steelhead (and spring-run Chinook salmon) were completely extirpated and 
only remnant runs of fall- and winter-run steelhead and fall-run Chinook salmon persisted in the 
American River (Gerstung 1971).  
 
Estimates of historic run sizes for summer-, fall-, and winter-run steelhead in the American River 
were not identified in the available literature.  However, all three runs of steelhead were likely 
historically abundant in the American River, considering:  (1) the extent of available habitat; (2) 
the historic run size estimates of Chinook salmon before massive habitat degradation occurred; 
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and (3) the reported historic run size estimates for summer-run steelhead in the 1940s which 
occurred even after extensive habitat degradation and elimination.   
 
Operation of Sacramento Municipal Utility District's Upper American River Project (UARP) 
since 1962, as well as Placer County Water Agency's Middle Fork Project (MFP) since 1967, 
altered inflow patterns to Folsom Reservoir (SWRI 2001).  In addition, development of the 
American River watershed has modified the seasonal flow and temperature patterns that occur in 
the lower American River.  Operation of the Folsom-Nimbus project significantly altered 
downstream flow and water temperature regimes. 
 
Completion and operation of Folsom and Nimbus dams resulted in higher flows during fall, 
significantly lower flows during winter and spring, and significantly higher flows during summer 
(figure 5-17). 
 

 
Figure 5-17.  Mean monthly flow of the lower American River at the Fair Oaks gage (1904-1955) and after 
(1956-1967) operation of Folsom and Nimbus dams (Gerstung 1971). 
 
Seasonal water temperature regimes also have changed with development in the American River 
watershed, particularly with construction and operation of Folsom and Nimbus dams (figure 5-
18).  Prior to the completion of Folsom and Nimbus dams in 1955, maximum water temperatures 
during summer frequently reached temperatures as high as 75°F to 80°F in the lower American 
River (Gerstung 1971).  It is important to note that the water temperature data presented in figure 
5-18 is from the Fair Oaks gage8 in the lower part of the river.  Although summer water 
temperatures are cooler in the lower river since Folsom Dam was constructed as compared to the 
pre-dam conditions, prior to habitat elimination by dams, rearing fish had access to cooler 
habitats throughout the summer at higher elevations. 
 

                                                 
8 Data from the Fair Oaks location is presented because that is the only site where pre-Folsom Dam water 

temperatures were identified. 
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Figure 5-18.  Water temperatures recorded at the Fair Oaks gage on the lower American River prior to and 
after construction of Folsom and Nimbus dams (Gerstung 1971). 
 
5.4.3  Future Baseline Excluding CVP/SWP Effects 
 
Baseline stressors to American River steelhead include the presence of Folsom and Nimbus 
dams, loss of natural riverine function and morphology, predation, and water quality (figure 5-
19). 
  
The physical structures of Folsom and Nimbus dams are part of the future baseline.  Dams 
produce extensive ecological disruptions, including alteration of flow regimes, sedimentation, 
and nutrient fluxes, modification of stream-channel morphology, spatial decoupling of rivers and 
their associated floodplains, disruption of food webs, and fragmentation and loss of habitat 
(Ligon et al. 1995, Levin and Tolimieri 2001).  Nimbus Dam was completed in 1955, blocking 
steelhead and spring-run from all of their historic spawning habitat in the American River 
(Lindley et al. 2006).  Hydrological and ecological changes associated with the construction of 
the dams contributed to the extirpation of summer steelhead and spring-run, which were already 
greatly diminished by the effects of smaller dams (e.g., Old Folsom Dam and the North Fork 
Ditch Company Dam) and mining activities (Yoshiyama et al. 1996).   
 
Loss of natural river function and morphology is a major stressor to the aquatic resources of the 
American River, including steelhead.  Past habitat alterations that have taken place within the 
American River watershed continue to limit natural river processes.  The following discussion on 
the habitat alterations in the American River watershed was slightly modified from Water Forum 
(2005a).  Prior to 1849, the riparian vegetation along the river formed extensive, continuous 
forests in the floodplain, reaching widths of up to 4 miles.  Settlement of the lower American 
River floodplain by non-indigenous peoples and the resulting modifications of the physical 
processes shaping the river and its floodplain have drastically altered the habitats along the river.  
Early settlers removed trees and converted riparian areas to agricultural fields.  Hydraulic gold 
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mining in the watershed caused deposits of 5-30 feet of sand, silt, and fine gravels on the 
riverbed of the lower American River.  These deposits resulted in extensive sand and gravel bars 
in the lower river and an overall raising of the river channel and surrounding floodplain.  This 
was later exacerbated by gravel extraction activities.  As a result, the floodplain’s water table has 
dropped, reducing the growth and regeneration of the riparian forest.   
 

 
 
Figure 5-19.  Conceptual model of the future baseline stressors and proposed project-related stressors 
affecting naturally-produced American River steelhead.   
 
Additional habitat impacts resulted from the construction of Folsom and Nimbus dams.  These 
structures have blocked the main upstream sediment supply to the lower American River.  This 
sediment deficit reduces the amount of material that can deposit into bars in the lower reaches, 
resulting in less substrate for growth of cottonwoods and other riparian vegetation. 
 
Since the 1970s, bank erosion, channel degradation and creation of riprap revetments have 
contributed to the decline of riparian vegetation along the river’s edge, loss of soft bank and 
channel complexity, and reduced amounts of large woody debris in the river that are used by fish 
and other species.  In particular, there has been a decrease in overhanging bank vegetation called 
shaded riverine aquatic (SRA) habitat.  SRA habitat provides multiple benefits to both fish and 
wildlife.  In particular, it provides shade along the river to moderate water temperatures in the 
summer.  Overhanging vegetation also provides cover to aquatic species, creating areas where 
they can feed and rest while being sheltered from predators.  Living and dead vegetation 
provides habitat and food for many species of insects and other organisms, which can then be 
eaten by fish species, including salmonids (Water Forum 2005a). 
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Predators of juvenile steelhead in the lower American River include both native (e.g., 
pikeminnow) and non-native (e.g., striped bass) fish, as well as avian species.  Striped bass, 
which were introduced in California in 1879 and 1882 (SWRI 2001), have been shown to be 
effective predators of steelhead in the Central Valley (DWR 2008).  Some striped bass reportedly 
reside in the lower American River year-round, although their abundance greatly increases in the 
spring and early summer as they migrate into the river at roughly the same time that steelhead 
are both emerging from spawning gravels as vulnerable fry and are migrating out of the river as 
smolts (SWRI 2001).   
 
Poor water quality can affect steelhead in the lower American River.  Tierney et al. (2008) 
demonstrated that environmentally observed pesticide mixtures can injure rainbow trout 
olfactory tissue, thereby affecting their ability to detect predators.  Similarly, Sandahl et al. 
(2007) showed that runoff from urban landscapes has the potential to cause chemosensory 
deprivation and increased predation mortality in exposed salmon.  Urbanization throughout the 
greater Sacramento area has led to a replacement of agricultural land uses within the American 
River floodplain with urban land uses, and a corresponding increase in urban runoff (SWRI 
2001).  Based on data from 1992 through 1998 collected by the Ambient Monitoring Program, 
lower American River water quality exceeded State (California Toxics Rule) or Federal (EPA) 
criteria with respect to concentrations of four metals – lead, copper, zinc, and cadmium (SWRI 
2001).  
 
The open season for angling in the lower American River encompasses nearly the entire 
steelhead spawning season.  The only steelhead spawning potentially occurring during the closed 
fishing season would occur for early spawners during late-December from Hazel Avenue bridge 
piers to the SMUD power line crossing at the south-west boundary of Ancil Hoffman Park 
(CDFG 2008).  The entire lower river is open for fishing starting in January, although reach-
specific gear and harvest restrictions apply.  Although only hatchery steelhead may be harvested, 
catch and release of wild spawners may result in mortality if hooking injures critical organs (e.g., 
gills; Cowen et al. 2007).  Steelhead fishing report card results show that the American River 
receives the third most angling effort in the State, with only the Trinity and Smith rivers 
receiving more (CDFG 2007).  From 2003 through 2005, over 3,500 steelhead fishing trips were 
reported for the American River.  During those years, anglers reportedly caught 1,840 wild 
steelhead and illegally harvested 31 of those; 1,440 hatchery steelhead were caught and released 
and 359 hatchery steelhead were harvested.  In addition to the direct effects associated with catch 
and release fishing, steelhead eggs incubating in redds may be damaged by wading anglers or 
other recreationalists.   
 
5.5  Status of the Species and Critical Habitat in the East Side Division 
 
The New Melones Dam operates in conjunction with Tulloch Reservoir and Goodwin Dam on 
the Stanislaus River (figure 5-20).  Goodwin Dam, completed in 1912, is an impassible barrier to 
upstream fish migration at RM 59.  Water is released from New Melones to satisfy senior water 
right entitlements, instream and Delta water quality standards specified under D-1641, CDFG 
fish agreement flows, CVP water contracts and b(2) or CVPIA 3406(b)(3) [hereafter referred to 
b(3)] fishery flows.    
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5.5.1  CV Steelhead 
 
CV steelhead is the only anadromous ESA-listed species that occurs in the Stanislaus River.  
Fall-run also occur in this river.  Spring-run and summer steelhead have been extirpated from 
this watershed (Yoshiyama et al. 1996).  Steelhead populations in the Stanislaus, Tuolumne, 
Merced, and Calaveras rivers are the only remaining representatives of the Southern Sierra 
Nevada diversity group of the CV steelhead.  None of these populations are considered to be 
viable at this time (Lindley et al. 2007).  Anadromous O. mykiss populations may have been 
extirpated from their entire historical range in the San Joaquin Valley owing to dam construction, 
but current populations survive in these rivers in tailwater conditions controlled by the dams.  
The Calaveras River is not a direct tributary to the mainstem San Joaquin River, in that it enters a 
network of sloughs and channels in the Delta east of the mainstem of the San Joaquin River.  
Additionally, the primary flow metric for the San Joaquin River is the flow at Vernalis, and 
Calaveras River flows enter the Delta further downstream.  For the purposes of this document, 
tributaries to the San Joaquin River are defined as the Merced River, the Tuolumne River and the 
Stanislaus River.  Based on information from a variety of sources (rotary screw trap sampling, 
trawling at Mossdale, direct and angler observations) in all three tributaries of the San Joaquin 
River, CDFG (2003) stated that it is “clear from this data that rainbow trout do occur in all the 
tributaries as migrants and that the vast majority of them occur on the Stanislaus River.”  The 
documented returns on the order of single digit numbers of fish into the tributaries suggest that 
existing populations of CV steelhead on the Stanislaus, Tuolumne, Merced, Calaveras, and lower 
San Joaquin rivers are severely depressed.   
 
Information regarding steelhead numbers on the Stanislaus River is very limited and has 
typically been gathered incidental to existing monitoring activities for fall-run.  A counting weir 
for fall-run also has recorded passage of steelhead.  In the 2006-7 counting season, 12 steelhead 
were observed passing through the counting weir, coincidental with the observation of 3,078 
adult salmon (Anderson et al. 2007).  An adipose fin-clipped steelhead was observed at the 
counting weir, indicating some opportunity for genetic introgression from hatchery operations on 
other Central Valley rivers.  On the Stanislaus River, steelhead smolts have been captured in 
rotary screw traps at Caswell State Park and Oakdale each year since 1995 (S.P. Cramer and 
Associates Inc. 2000, 2001), but the numbers are very low, ranging from 10 to 30 annually, 
compared to annual catches of fall-run in the range of hundreds.  The low juvenile steelhead 
numbers likely indicate a much smaller steelhead population than fall-run, but steelhead smolts 
are considerably larger than fall-run smolts, and can avoid capture by the traps (Stillwater 
Sciences 2000).  Most of the steelhead smolts are captured from January to mid-April, and are 
175 to 300 mm fork length.  The raw data from rotary screw trapping show O. mykiss in a 
smolted stage being trapped in late May at both the Oakdale and Caswell trap locations.  These 
fish are physiologically prepared to leave the river at a time well after the scheduled Vernalis 
Adaptive Management Plan (VAMP) pulse flows, but not later than when historical unimpaired 
rain-on-snow events would have provided outmigration flows.  Zimmerman et al. (2008) have 
documented CV steelhead in the Stanislaus, Tuolumne and Merced rivers based on otolith 
microchemistry. 
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Figure 5-20.  Map of the East Side Division (adapted from the CVP/SWP operations BA figure 2-10). 
 
Juvenile steelhead reside in freshwater for a year or more, so they are more dependent on 
freshwater rearing habitat than are the ocean type fall-run.  Steelhead rearing in the Stanislaus 
River occurs upstream of Orange Blossom Bridge (RM 47) where gradients are highest.  The 
highest rearing densities are upstream of Knights Ferry (RM 54.7, Kennedy and Cannon 2002). 
 
Juvenile steelhead migrate during the winter and spring from the above-described rearing areas 
downstream through the rivers and the Delta to the ocean.  The habitat conditions they encounter 
from the upstream reaches of the rivers downstream to the Delta become generally further from 
their preferred habitat requirements with respect to cover, temperature, water quality, and 
exposure to predatory fishes such as striped bass and non-native black bass.  Emigration 
conditions for juvenile steelhead in the Stanislaus River down through the San Joaquin River and 
the south Delta tend to be less suitable than conditions for steelhead emigrating from the 
Sacramento River and its tributaries.   
 
CDFG staff has prepared catch summaries for juvenile migrant steelhead on the San Joaquin 
River near Mossdale, which represents migrants from the Stanislaus, Tuolumne, and Merced 
rivers.  These trawl recoveries at Mossdale between 1988 and 2002 ranged from a minimum of 1 
fish per year to a maximum of 29 fish in 1 year (figure 4-5).  
 
Adult steelhead migrate upstream from the ocean to their spawning grounds near the terminal 
dams primarily during the fall and winter months.  Flows are generally lower during the 
upstream migrations than during the outmigration period.  Adult steelhead may occur in the 
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Stanislaus River earlier than in other Central Valley rivers when fall attraction flows are released 
in October for the benefit of fall-run.  The general temporal occurrence of steelhead and fall-run 
in the Stanislaus River at various life history stages is illustrated in figure 5-21. 
 

 
Figure 5-21.  Temporal occurrence of fall-run and steelhead in the Stanislaus River, California.  Darker 
shading indicates peak use.   
 
Construction of Goodwin Dam in 1912 has excluded steelhead from 100 percent of its historical 
spawning and rearing habitat on the Stanislaus River (Lindley et al. 2006).  Critical habitat has 
been designated up to Goodwin Dam, to include currently occupied areas.  Extension of critical 
habitat above the dams was deemed premature until recovery planning determines a need for 
these areas in the recovery of the DPS (September 2, 2005, 70 FR 52488).   
 
The construction of the East Side Division Dams (New Melones, Tulloch, and Goodwin) blocks 
the downstream transport of spawning gravel that would replenish gravel below the dams.  Past 
East Side Division operations have mobilized gravel remaining below the dams, which has led to 
a degradation of the quality and quantity of available steelhead spawning gravels (Kondolf et al. 
2001).  Gravel replenishment projects funded by CVPIA have offset some of this habitat loss, 
but the rate of replenishment is not sufficient to offset ongoing loss rates, nor to offset losses 
from past years of operations.   
 
Past operations of the East Side Division have eliminated channel forming flows and geomorphic 
processes that maintain and enhance steelhead spawning beds and juvenile spawning areas 
associated with floodplains and channel complexity.  Since the construction and operation of 
New Melones Dam, operational criteria have resulted in channel incision, as much as 1-3 feet 
(Kondolf et al. 2001).  This downcutting, combined with operational criteria, have effectively cut 
off overbank flows which would have inundated floodplain rearing habitat, as well as providing 
areas for fine sediment deposition, rather than within spawning gravels, as occurs now.  
Operational flow patterns in late spring and summer, combined with lack of overbank flows has 
severely constrained recolonization of large riparian trees that are needed for riparian shading 
and LWD contribution.   
 
5.5.1.1  CV Steelhead Critical Habitat 
 
Steelhead critical habitat on the Stanislaus River has been designated up to Goodwin Dam.  The 
PCEs of critical habitat for Stanislaus River steelhead include freshwater spawning, freshwater 
rearing, freshwater migration, and estuarine habitats.  Although Stanislaus River water 
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temperatures are generally suitable for spawning and rearing, during the smolt emigration life 
stage (January through June), steelhead are exposed to water temperatures that would prohibit 
successfully completing transformation to the smolt stage.  In addition, steelhead spawning and 
rearing habitat on the Stanislaus River is affected by the limited occurrence of flows that are 
sufficient to carry out natural geomorphic processes.  As such, sediment deposition on spawning 
habitats has decreased the availability of suitable spawning areas.  The relatively low and 
uniform releases in the Stanislaus River reduces the conservation value of rearing habitat by 
reducing habitat complexity and decreasing connectivity with floodplains, which are proven to 
be high quality rearing habitats (Sommer et al. 2005).   
 
5.5.2  Historical Conditions 
 
The unimpaired hydrograph of the Stanislaus River followed the pattern of low flows at the end 
of the summer, increasing flows in the fall as upstream evapotranspiration rates declined, which 
continued to increase with the onset of seasonal rainfall in late fall, followed by rain plus 
snowmelt through the end of spring (table 5-2).  The winter hydrograph was punctuated with 
storm related freshets, peak flows correlated with large storm events, and periodic large instream 
flow events later in winter and spring, owing to rain-on-snow events in the higher elevations of 
the watershed. 
 
Table 5-2.  Comparison of unimpaired average monthly flows, Stanislaus River from various timeframes, 
with post-New Melones Dam regulated flows (Kondolf et al. 2001 table 4.4). 

 
 
The life history strategy of CV steelhead evolved with this hydrologic pattern.  The adults return 
from the ocean to spawn in the rivers when fall flows have increased and water temperatures in 
the valley are past their summer peak.  Historically they would continue far upstream to spawn, 
allowing their offspring rearing areas that are cooler year round than lower elevation reaches 
nearer the valley floor.  Young steelhead would rear in these areas for at least a full year, 
beginning their seaward migration during the winter and spring freshets and storm pulses that 
helped their seaward movement and created a succinct signature of Stanislaus River water 
through to the Delta.   
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5.5.3  Future Baseline Excluding CVP/SWP Effects 
 
Future baseline stressors to CV steelhead include the presence of Goodwin, Tulloch and New 
Melones dams, loss of natural riverine function and morphology, agricultural and urban land 
uses, gravel mining, predation, and water quality, particularly temperature, contaminants and 
suspended sediment (figure 5-22). 
    
 

 
Figure 5-22.  Conceptual model of and future baseline stressors and project-related stressors of CV steelhead 
and habitat in the Stanislaus River, California. 
 
Dams produce extensive ecological disruptions, including sedimentation, and nutrient fluxes, 
modification of stream-channel morphology, spatial decoupling of rivers and their associated 
floodplains, disruption of food webs, and fragmentation and loss of habitat (Ligon et al. 1995, 
Levin and Tolimieri 2001).  Lindley et al. (2006) also suggest that dams may exert selective 
effects on anadromous O. mykiss, culling the anadromous offspring produced, and modifying the 
thermal regime and food web structure of the river below the dam in ways that may provide 
fitness advantages to resident forms, which means that the population shifts more towards 
residency and further from a viable anadromous species. 
 
Loss of natural river function and morphology is a major stressor to the aquatic resources of the 
Stanislaus River, including steelhead.  Bank erosion, channel degradation and creation of riprap 
revetments have contributed to the decline of riparian vegetation along the river’s edge, loss of 
soft bank and channel complexity, and reduced amounts of LWD in the river that are used by 
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fish and other species.  Living and dead vegetation provide habitat and food for many species of 
insects and other organisms, which can then be eaten by fish species, including salmonids. 
 
Flood attenuation has allowed for encroachment of agriculture and homes up to the river’s edge.  
Although floodway easements were acquired on many farmed terraces when New Melones Dam 
was constructed, much of this agricultural activity consists of permanent orchards, which are not 
flood resistant.  This agricultural practice is averse to overbank flooding and creates opposition 
to dam operational practices that would flood habitat terraces.   
 
Poor water quality can affect steelhead in the lower Stanislaus River.  The lower Stanislaus River 
is considered an impaired water body for Diazinon and Group A pesticides attributed to 
agricultural uses.  Tierney et al. (2008) demonstrated that environmentally observed pesticide 
mixtures can injure rainbow trout olfactory tissue, thereby affecting their ability to detect 
predators.  Similarly, Sandahl et al. (2007) showed that runoff from urban landscapes has the 
potential to cause chemosensory deprivation and increased predation mortality in exposed 
salmon.  There is an increasing trend toward urbanization of the lower Stanislaus River. 
 
Gravel mining, including in-river skimming and flood terrace pit mines, is currently less active in 
the watershed, but has left a legacy of reduced instream gravel abundance and deep excavation 
pits captured by the river that provide habitat for non-native predatory fishes, like largemouth 
bass and striped bass that prey on steelhead.  The lower Stanislaus River is considered an 
impaired water body for mercury as a result of past gravel and gold mining activity [2006 Clean 
Water Act section 303(d) list], although it is not clear how much of that contaminant is present in 
the biologically active methylated form.    
 
5.6  Status of the Species and Critical Habitat in the Delta Division 
 
The overall statuses of the four listed species in the Central Valley (winter-run, spring-run, CV 
steelhead, and Southern DPS of green sturgeon) were described in section 4 of this Opinion.  
Since all of the sub-populations that comprise the listed populations at the ESU or DPS level 
must pass through the Delta (figure 5-23), further description of the status of each individual sub-
population beyond that already given in section 4 is unnecessary. 
 
5.6.1  Critical Habitat 
 
5.6.1.1  Status of Winter-Run Critical Habitat 
 
Critical habitat within the Delta largely serves as a migratory corridor.  However, juvenile 
winter-run likely rear while they migrate downstream, therefore, rearing habitat is an important 
component within the mainstem Sacramento River in the Delta.  The current condition of 
riparian habitat for winter-run in the Delta is degraded as a result of the channelized, leveed, and 
riprapped river reaches and sloughs, which typically have low habitat complexity, low 
abundance of food organisms, and offer little protection from either fish or avian predators.  
Some complex, productive habitats with floodplains remain in the system [e.g., Sacramento 
River reaches with setback levees (i.e., primarily located upstream of the City of Colusa)] and 
flood bypass (i.e., Yolo bypass).  
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Figure 5-23.  Map of Delta waterways.
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The final rule designating winter-run critical habitat explicitly excludes the rivers and sloughs of 
the Delta, with the goal of minimizing diversion of winter-run through the DCC (June 16, 1993, 
58 FR 33212).  When the DCC gates are open during winter-run outmigration, a portion of the 
flow, and therefore, a portion of the outmigrating winter-run, is entrained through the DCC into 
the interior Delta, where their chances of survival and successful migration to San Francisco Bay 
and the Pacific Ocean are reduced.  In addition, unscreened diversions that entrain juvenile 
salmonids are prevalent throughout the Delta and do not provide a safe migration corridor.   
 
Based on the impediments caused by unscreened diversions, and the opening of the DCC gates 
during the winter-run outmigration period, the current condition of the migration corridor 
through the Delta for juvenile winter-run is much degraded. 
 
5.6.1.2  Status of Spring-Run Critical Habitat 
 
The status of estuarine habitats for spring-run also is considered to be highly degraded as is 
evident by the collapse of pelagic organisms in the Delta (Sommer et al. 2007, IEP 2008).  It is 
not immediately clear how the changes in the Delta ecosystem affect spring-run, but it is certain 
that substantial changes to spring-run estuarine habitat are occurring. 
 
5.6.1.3  Status of CV Steelhead Critical Habitat 
 
In addition, the status of estuarine habitats for steelhead is considered to be highly degraded as is 
evident by the collapse of the pelagic community in the Delta.  This collapse is, in part, related to 
dramatic habitat changes in recent years related to water quality, toxic algae blooms (e.g., 
Microcystis), and invasive species (e.g., the aquatic macrophyte Egeria densa).  It is not 
immediately clear how the changes in the Delta ecosystem affect steelhead, but it is certain that 
substantial alterations to steelhead estuarine habitat are occurring. 
 
5.6.1.4  Status of Southern DPS Green Sturgeon Proposed Critical Habitat 
 
The effects of combined exports present an entrainment issue that could delay migration or 
decrease survival or population viability through entrainment into the facilities itself.  These 
effects increase in magnitude the closer to the export facilities the fish are located.  Likewise, the 
installation of the barriers under the South Delta Temporary Barriers Program (TBP) enhances 
the potential to delay movement and migratory behavior in the channels of the South Delta.  
Juvenile and adult green sturgeon may be trapped behind the barriers after installation/ operation 
for varying periods of time.  The rock barriers of the TBP present the greatest obstacle to 
movement during their installation and operation, but are removed from the channels each 
winter. 
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5.6.2  Delta Hydrodynamics 
 
5.6.2.1  Historical Hydrograph 
 
Substantial changes have occurred in the hydrology of the Central Valley’s watersheds over the 
past 150 years.  Many of these changes are linked to the ongoing actions of the CVP and SWP in 
their pursuit of water storage and delivery of this water to their contractors. 
 
Prior to the construction of dams on the tributaries surrounding the Central Valley, parts of the 
valley floor hydrologically functioned as a series of natural reservoirs seasonally filling and 
draining every year with the cycles of rainfall and snow melt in the surrounding watersheds.  
These reservoirs delayed and muted the transmission of floodwaters traveling down the length of 
the Sacramento and San Joaquin rivers.  Historically, there were at least six distinct flood basins 
in the Sacramento Valley.  The east side of the Sacramento Valley was topographically 
subdivided into the Butte Basin, the Sutter Basin, the American River Basin, and the Sacramento 
Basin.  The west side of the valley contained the Colusa Basin and the Yolo Basin.  The Colusa 
Basin drained through Sycamore Slough above Knight’s Landing, the Yolo Basin drained 
through Cache Slough at the foot of Grand Island, and the eastern basins drained through the 
Feather and the American rivers.  The Sacramento Basin drained southwards towards the San 
Joaquin River.  Some of these basins retained floodwaters for many months after the flood event, 
allowing the basins to slowly drain back into the river or to evaporate in the summer heat.  
Others, like the Yolo Basin, drained relatively quickly.  Overflow into these basins significantly 
reduced flood peaks and flow velocities in the bypassed reaches.  For example, the Yolo Basin 
was believed to capture over two-thirds of the flood flows on the Sacramento River and divert 
them around the main channel near Sacramento towards the Delta.  These extensive flood basins 
created excellent shallow water habitat for fish such as juvenile Chinook salmon, steelhead, and 
sturgeon to grow and rear before moving downstream into the Delta (The Bay Institute 1998).  
The magnitude of the seasonal flood pulses were reduced before entering the Delta, but the 
duration of the elevated flows into the Delta were prolonged for several months, thereby 
providing extended rearing opportunities for emigrating Chinook salmon, steelhead and green 
sturgeon to grow larger and acquire additional nutritional energy stores before entering the main 
Delta and upper estuarine reaches. 
 
Prior to the construction of dams, there were distinct differences in the natural seasonal flow 
patterns between the northern Sacramento River watershed and the southern San Joaquin River 
watershed.  Furthermore, the natural unimpaired runoff in the Central Valley watersheds 
historically showed substantial seasonal and inter-annual variability.  Watersheds below 5,000 
feet in elevation followed a hydrograph dominated by rainfall events with peak flows occurring 
in late fall or early winter (northern Sierra Nevada, Cascade Range, and most of the western 
coastal mountains).  Conversely, those watersheds with catchment areas above 5,000 feet, such 
as the Central and Southern Sierras, had hydrographs dominated by the spring snowmelt runoff 
period and had their highest flows in the late spring/early summer period.  Summertime flows on 
the valley floor were considerably reduced after the seasonal rain and snowmelt pulses were 
finished (figures 5-24), with base flows supported by the stored groundwater in the surrounding 
alluvial plains.  Since the construction of the more than 600 dams in the mountains surrounding 
the Central Valley, the variability in seasonal and inter-annual runoff has been substantially 
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reduced and the peak flows muted, except in exceptional runoff years.  Currently, average 
winter/spring flows are typically reduced compared to natural conditions, while summer/fall 
flows have been artificially increased by reservoir releases.  Wintertime releases are coordinated 
for preserving flood control space in the valley’s large terminal storage dams, and typically do 
not reach the levels necessary for bed load transport and reshaping of the river channels below 
the dams.  Summertime flows have been scheduled for meeting water quality goals and 
consumptive water demands downstream (figures 5-25 and 5-26).  Mean outflow from the 
Sacramento River during the later portion of the 19th century has been reduced from nearly 50 
percent of the annual discharge occurring in the period between April and June to only about 20 
percent of the total mean annual outflow under current dam operations (The Bay Institute 1998).  
Currently, the highest mean flows occur in January, February, and March.  The San Joaquin 
River has seen its snowmelt flood peak essentially eliminated, and the total discharge to the 
valley floor portion of the mainstem greatly reduced during the spring.  Only in very wet years is 
there any marked late spring outflow peak (The Bay Institute 1998). 
 
These changes in the hydrographs of the two main river systems in the Central Valley are also 
reflected in the inflow and outflow of water to the Delta.  Releases of water to the Delta during 
the normally low-flow summer period have had several impacts on Delta ecology and hydrology.  
Prior to dam construction in the Central Valley and operations of the CVP and SWP, the Delta 
had normal variability in the hydrology.  Annual incursions of saline water into the Delta still 
occur each summer, but have been substantially muted compared to their historical levels by the 
release of summer water from the reservoirs (Herbold and Moyle 1989, figures 5-27 and 5-28).  
The Delta has thus become a conveyance apparatus to move water from the Sacramento side of 
the Delta to the southwestern corner of the Delta where the CVP and SWP pumping facilities are 
located.  The Delta has become a stable freshwater body, which is more suitable for introduced 
and invasive exotic freshwater species of fish, plants, and invertebrates than for the native 
organisms that evolved in a fluctuating and “unstable” Delta environment.   
 
Furthermore, Delta outflow has been reduced by approximately 14 percent from the pre-dam 
period (1921-1943) when compared to the project operations period (1968-1994).  When 
differences in the hydrologic year types are accounted for and the “wet” years are excluded, the 
comparison between similar year types indicates that outflow has been reduced by 30 to 60 
percent (The Bay Institute 1998, also see Delta Atlas, DWR), with most of this “lost” water 
going to exports. 
 
5.6.2.1.2  Current Flow Patterns in the Delta 
 
The Delta is a complex system of over 1,000 miles of waterways (Delta Atlas, DWR).  The flow 
pattern within these waterways is also complex due to the interactions of river flows, tides, and 
water diversions.  In order to explain in general terms the pattern of flows within the Delta, it 
will be divided into four regions, the North Delta, the Central Delta, the South Delta, and the 
Western Delta. 
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Figure 5-24.  Average monthly unimpaired (natural) discharge from the upland Sacramento and San Joaquin 
River watersheds (The Bay Institute 1998). 
 

 208



 
Figure 5-25.  Alteration of median monthly inflow into the lowland Sacramento River at Red Bluff (The Bay 
Institute 1998). 
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Figure 5-26.  Alteration of median monthly inflow into the lowland Tuolumne and San Joaquin rivers (The 
Bay Institute 1998). 
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Figure 5-27.  Maximum salinity intrusion for the years 1921 through 1943 (Pre-project conditions in Central 
Valley –Shasta and Friant Dams non-operational; Sacramento-San Joaquin Delta Atlas, DWR). 
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Figure 5-28.  Maximum salinity intrusion for the years 1944 through 1990 (Project era; Sacramento-San 
Joaquin Delta Atlas, DWR). 
 
The North Delta is primarily fed by the Sacramento River, which feeds into the Delta below the 
community of Freeport in Sacramento County.  During high flow events, the Yolo bypass 
redirects flood flows southwards through the flood bypass, around the reach of the Sacramento 
River that flows through the City of Sacramento, before discharging the water into Cache Slough 
near the southern tip of Liberty Island.  Downstream of Freeport, small natural channels branch 
off of the main channel of the Sacramento River and head southwesterly through the north Delta.  
Although smaller, these channels carry a substantial proportion of the Sacramento River’s 
discharge through several farmed Delta Islands towards the Cache Slough region.  Together, 
Sutter and Steamboat sloughs can convey approximately 35 percent of the Sacramento River’s 
flow at Freeport when the Delta Cross channel gates are open and approximately 45 percent 
when the gates are closed (Burau et al. 2007 appendix A).  Elk Slough branches off of the 
mainstem Sacramento River near the town of Clarksburg and flows in a southwesterly direction, 
separating Merritt Island from Prospect Island.  Its connection to the mainstem Sacramento River 
is through gated culverts, which are operated on an as needed basis.  Typically they are closed.  
Sutter Slough is the next channel that splits from the Sacramento River near Courtland and flows 
southwesterly between Sutter Island and Prospect Island.  It picks up Elk Slough shortly after 
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branching off of the Sacramento River.  Miner Slough branches off of Sutter Slough at the 
Northern tip of Ryer Island and flows along the western side of Ryer Island, separating it from 
Prospect Island.  Farther downstream past the community of Painterville, Steamboat Slough 
branches off of the Sacramento River and travels in a southwesterly direction between Sutter and 
Grand Islands.  Miner Slough discharges into Cache Slough near the entrance to the Sacramento 
DWSC.  Sutter Slough joins Steamboat Slough at the southern tip of Sutter Island and the slough 
eventually terminates between Cache Slough and the mainstem Sacramento River between Ryer 
Island and Grand Island (see figure 5-23).  The waterways in this region are still tidally 
influenced and water levels rise with the incoming tide.  Flow velocity drops with the 
corresponding increase in tidal stage, particularly during low flow conditions.  Below the 
confluence of Cache Slough, Steamboat Slough, and the Sacramento River, the main river 
channel becomes much wider and deeper, partially due to the commercial shipping channel that 
leads to the Port of Sacramento.  Tidal influence is strong in this portion of the North Delta near 
Rio Vista.   
 
The mainstem of the Sacramento River below the mouth of Steamboat Slough carries the main 
flow of water southwards into the Delta.  Near the town of Walnut Grove, two channels bifurcate 
from the main Sacramento River channel and flow southwards.  The first is an artificial channel, 
the DCC, constructed in 1953 to transport high quality freshwater from the Sacramento River 
into the interior Delta (CALFED 2001).  Two radial gates are positioned at the head of the 
channel to block off flow into the channel as needed.  When the gates are open, the channel 
conveys Sacramento River water into Snodgrass Slough and subsequently into the Mokelumne 
River system.  Burau et al. (2007) estimated that when the DCC gates are open, approximately 
45 percent of the Freeport flow is redirected into the Delta interior through the DCC and 
Georgiana Slough.  This water eventually discharges into the San Joaquin River near RM 22 and 
is then available to be drawn southwards towards the CVP and SWP pumps in the South Delta.  
When the radial gates are open, the net water flow moves southwards in the DCC, and into 
Snodgrass Slough and the Mokelumne River system.  This channel however, is still influenced 
by river and tidal flow and oscillations in flow velocity and stage are tidally driven on a daily 
basis.  Tidal stage and river flow also determine the magnitude and timing of river flows that 
enter into the DCC from the Sacramento River (Horn and Blake 2004).  Maximum flows in the 
DCC are seen during the incoming flood tide when increasing downstream stage redirects the 
flow of Sacramento River water into the mouth of the DCC.  This physical condition greatly 
influences the probability of juvenile salmonids entering the DCC channel when the gates are in 
their open configuration. 
 
When the radial gates of the DCC are closed, flows through the cross channel are prevented and 
hydraulics in the Sacramento River are altered.  With the DCC gates closed, water remains in the 
main channel of the Sacramento River.  Flows increase in Sutter and Steamboat sloughs 
upstream of the location of the DCC (35 percent of Freeport flows in the open configuration to 
45 percent in the DCC closed configuration).  Water remaining in the main channel of the 
Sacramento River flows downstream until it encounters the mouth of Georgiana Slough.  
Georgiana Slough is a natural channel, which is also located on an outside bend of the 
Sacramento River.  On average, approximately 15 to 20 percent of the natural flow of the 
Sacramento River (as measured at Freeport) is redirected into Georgiana Slough, depending on 
tides, river flows, and the status of the DCC gates.  As explained previously, percentages of 
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redirected flow into Georgiana Slough can be much higher during flood stages of the incoming 
tide, compared to ebb tidal situations.  Flows move in a net southerly direction within Georgiana 
Slough towards the interior of the Delta, although tidal patterns may create periods of upstream 
flow in the channel during flood tides.  Water moving down Georgiana Slough eventually 
discharges into the lower portion of the Mokelumne River before the combined flows enter the 
San Joaquin River at RM 22.  At this point, depending on flows in the San Joaquin River and the 
diversion rates of the combined CVP and SWP pumping facilities, a significant portion of the 
Sacramento River water that entered Georgiana Slough can move southwards through either the 
Old River or Middle River channels towards the pumps.  When pumping rates are low, or the 
flows in the San Joaquin River are high, “Sacramento River” water will be pushed westwards in 
the San Joaquin River mainstem and out of the Delta rather than moving southwards towards the 
pumps. 
 
The Central Delta is roughly regarded as those waterways surrounding the San Joaquin River 
from Stockton westwards to Webb Tract and Twitchell Island.  These waterways include the 
mainstem of the lower San Joaquin River itself, the lower Mokelumne River complex and its 
associated waterways (i.e., Potato, Disappointment, and Fourteenmile sloughs as well as other 
channels) and the lower reaches of Old River and Middle River with their interconnecting 
waterways and channels.  Under natural hydrological conditions, net flow in these channels 
would always have been in a downstream direction towards the ocean.  Those waterways to the 
north of the San Joaquin River would have had a net southerly flow until they entered the San 
Joaquin River, after which net flows would have been westward towards Suisun Bay.  Likewise, 
net water movement in channels to the south of the San Joaquin River would have flowed 
northwards to the main river channel and thence towards the ocean.  Overlying this net seaward 
flow would have been a bidirectional tidal signature.  Under current project conditions, net flow 
in many of these channels is towards the pumps, particularly when river flows are low and 
pumping rates are high.   
 
Water flow patterns in the South Delta are also determined by the water diversion actions of the 
CVP and SWP, and the operations of the seasonal temporary barriers, as well as tides and river 
inflows to the Delta.  Under natural conditions with no pumping, water flows downstream in a 
net positive direction towards the ocean.  Under current conditions, the flow patterns have 
become much more complex.  When pumping rates are high at the project facilities, water is 
drawn towards the two points of diversion, i.e., the SWP’s Clifton Court Forebay and the CVP’s 
Tracy intake.  Water moves downstream through the Head of Old River and through the channels 
of Old River and Grantline/ Fabian-Bell Canal towards the pumps.  Conversely, water to the 
north of the two facilities’ diversion points moves southwards (upstream) and the net flow is 
negative.  This pattern is further complicated when the temporary barriers are installed from 
April through November, and internal reverse circulation is created within the channels isolated 
by the barriers from the rest of the South Delta (discussed later in the Temporary Barriers 
Section).  These conditions are most evident during late spring through fall when river inflows 
are lower and water diversion rates are high.  Dry hydrological years also exacerbate the loss of 
net downstream flows in the South Delta. 
 
The western Delta is less affected by the actions of the projects due to their downstream location.  
Typically, net flows in this region of the Delta are positive and flow towards the ocean.  
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However, under certain conditions, such as low Delta outflow during the summer and fall, high 
export pumping rates, and negative QWEST (a measurement of flow in the western Delta), 
particle tracking models have demonstrated that a significant portion of the water in the west 
Delta can be drawn to the pumps over a period of 10 to 30 days.  Water originating in the 
Sacramento River can be entrained into the lower reaches of the San Joaquin River and be 
redirected upstream towards the pumps.  Water enters the San Joaquin River system from both 
Three Mile Slough near Decker Island, Sherman Lake (the flooded island at the western terminus 
of Sherman Island), and through Broad Slough (the confluence of the San Joaquin River with the 
Sacramento River) farther downstream.  Strong tidal influence can then push the water upstream 
into the zone of influence created by the project’s pumping actions near the mouth of Old River 
and the waterways passing through Franks Tract (False River and Fisherman’s Cut). 
 
5.6.3  Future Baseline Excluding CVP/SWP Effects 
 
The Delta is likely to continue experiencing reduced habitat value within the waterways of the 
Delta due to the ongoing habitat modifications created by the construction and maintenance of 
the armored levees.  The construction of the levees has resulted in the loss of riparian zones and 
shallow water habitat adjacent to the levees.  The placement of rock riprap prevents the 
establishment of riparian vegetation, particularly woody vegetation.  This inherently reduces the 
incorporation of large woody material from downed trees and brush into the channel margins, 
and the “armored” levee banks reduce the ability of LWD to become lodged along the banks 
during high water events when LWD enters the system from upstream.  Levees also prevent the 
rivers from having any connection with the adjacent historical floodplains and, thus, reduce the 
input of allochthonous material from the upland areas and eliminate the availability of rearing 
habitat during high water episodes.  Levees also enhance the loss of fringing marshlands and 
emergent vegetation by reducing the shallow water margins along the channels to a narrow band. 
 
Predation of juvenile listed salmonids and green sturgeon will continue at an unknown level due 
to the presence of native and non-native species present in the Delta ecosystem.  Interactions 
with non-native species will continue.  The infestation of Delta waterways with non-native plants 
such as Egeria densa and water hyacinth is likely to continue, unless changes in chemical and 
biological parameters change to reduce the biomass of these plants (e.g., increased salinity 
intrusions).  The presence of invasive species such as Asian overbite clams, non-native 
copepods, and non-native gobies is likely to continue. 
 
The discharge of contaminants into Delta waters from urban and agricultural sources is likely to 
continue into the future.  The perimeter of the Delta region is becoming more urbanized, which 
increases the likelihood of urban discharges entering the Delta waterways.  Likewise, regional 
agriculture will continue to discharge agricultural return waters from irrigation practices into 
surrounding waterways, which eventually flow into Delta waters.  The continued subsidence of 
Delta islands and the predicted increase in sea level height will place additional pressure on 
agriculture within the Delta region proper.  Many islands are 10 to 20 feet below sea level and, 
without pumping the soils, would eventually become saturated.  Farmers must continue to pump 
water from the irrigation return ditches on their lands to keep Delta water from seeping in from 
the surrounding waterways.  This practice carries chemicals used on the fields into the irrigation 
return water and eventually into the Delta.   
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Entrainment of fish, zooplankton, and phytoplankton by agricultural water diversions not 
associated with CVP/SWP operations will continue into the future.  Screening of all agricultural 
water diversion intakes in the Delta would be necessary to reduce or eliminate the entrainment of 
fish due to these diversions.  Larger regional water intakes, such as the City of Stockton water 
intake on Empire Tract, will continue to divert water for consumptive use in the future.  These 
facilities are screened to prevent entrainment of fish. 
 
In support of commercial shipping in the Delta, continued dredging of the Stockton DWSC and 
the Sacramento Ship Channel will continue into the future.  Effects associated with dredging 
include noise, resuspension of sediments and any associated contaminants and potential 
entrainment into the dredger head will continue.  Impacts to listed salmonids and green sturgeon 
and their habitats associated with shipping activities, including pollution from shipping, 
introduction of non-native species via ballast water discharges, ship strikes, and propeller 
entrainment, are likely to continue.   
 
Recreational boating in the Delta will continue into the future.  Impacts to listed salmonids and 
green sturgeon and their habitats associated with recreational boating, including the installation 
of boat docks and pilings, noise from boat engines, pollutants (engine combustion byproducts, 
spilled fuel, refuse, etc.), increased turbidity from wakes, increased shore erosion, and the 
fragmentation of invasive water plants such as E. densa that increase the spread of the plant, are 
likely to continue. 
 
The TBP involves the temporary placement of rock barriers in four separate locations in the 
South Delta on a seasonal basis that coincides with the agricultural irrigation season, typically 
running from April through November.  This program has been in place since 1991.  The 
temporary rock barriers installed in Old River near Tracy, Middle River near Victoria Canal, 
Grant Line Canal near the Tracy Boulevard Bridge, and at the Head of Old River.  In 2008, 
NMFS completed formal consultation by issuing a biological opinion for the installation of the 
barriers through the end of 2010.  That consultation was reinitiated based on a change in action 
to implement a non-physical barrier project.  NMFS completed the formal consultation and 
issued a biological opinion on April 3, 2009 (NMFS 2009).  Based on NMFS’ analysis, the TBP 
would likely result in:  changes to flow patterns in the South Delta, increasing the potential for 
migrational delays in conjunction with the barriers placement; hydraulic conditions that will 
impede free passage of fish through the channels of the South Delta; entrainment of a proportion 
of the fish that remain in the mainstem of the San Joaquin River into the channels leading 
southwards under the influence of the CVP/SWP water diversion pumps; increasing the risk of 
predation on juvenile listed salmonids and green sturgeon; and impacts to the functioning of the 
South Delta waterways as critical habitat for steelhead and green sturgeon by impacting the value 
of the channels for migration and rearing.  A complete analysis of the effects of the TBP is 
provided in NMFS (2009). 
 
5.7  Southern Resident Killer Whales 
 
All of the categories of human activities discussed in the Status of the Species section (section 
4.2.5.3) have contributed to the current status of Southern Residents within the action area.  The 
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following discussion summarizes the principal human and natural factors within the action area 
(other than the proposed action) that affect the likelihood that Southern Residents will survive 
and recover in the wild. 
 
5.7.1 Natural Mortality 
 
Seasonal mortality rates among Southern and Northern Residents are believed to be highest 
during the winter and early spring, based on the numbers of animals missing from pods returning 
to inland waters each spring.  Olesiuk et al. (2005) identified high neonate mortality that 
occurred outside of the summer field research seasons.  At least 12 newborn calves (9 Southern 
Residents and 3 Northern Residents) were seen outside the summer field season and disappeared 
by the next field season.  Additionally, stranding rates are higher in winter and spring for all 
killer whales in Washington and Oregon (Norman et al. 2004).  Southern Residents strandings in 
coastal waters offshore include three separate events (1995 and 1996 off of Northern Vancouver 
Island and the Queen Charlotte Islands, and 2002 offshore of Long Beach, Washington State), 
and the causes of death are unknown (NMFS 2008a). 
 
In recent years, sighting reports indicate anecdotal evidence of thin Southern Residents returning 
to inland waters in the spring.  For example, in March 2006, a thin female from the Southern 
Residents population (L54) with a nursing calf was sighted off Westport, Washington.  The 
sighting report indicated she had lost so much blubber that her ribs were showing under the skin 
(Cascadia Research Collective 2008). 
 
The official 2008 census for Southern Residents was 85 whales (annually conducted and 
reported by The Center for Whale Research, down from 87 whales in 2007).  After the official 
census, two additional whales were observed missing.  However, a whale is not declared dead 
until found missing in the following year during the census.  In total, seven Southern Residents 
were declared dead or suspected missing in the current year (Balcomb 2008).  None of these 
whales were recovered and cause of death is unknown.  Two of the seven were calves that by 
convention had not been counted as part of the population prior to their deaths.  Death of calves 
is not unusual.  Two of the mortalities were old whales (K7 and L21, 98 and 56 years old, 
respectively), and mortality in this age group is not surprising.  The remaining dead or declared 
missing whales were in age groups with typically low mortality.  Two were reproductive females 
(J11 and L67, 35 and 32 years old, respectively).  It is more unusual to see mortality of 
reproductive females.  One was a sub-adult male (L101, 5 years old).  However, L101’s death 
may have been related to the condition of L67 (mother of L101).  Reportedly, L67 did not look 
well (identified as a thin whale during aerial survey, Durban 2008) when last seen in September. 
 
5.7.2 Human Related Activities 
 
5.7.2.1 Prey Availability 
 
Based on persuasive scientific information that Southern Residents prefer Chinook salmon in 
inland waters (see further discussion in section 4.2.5.3.1), Southern Residents may also prefer 
Chinook salmon when available in coastal waters of the action area.  This analysis therefore 
focuses on Chinook salmon abundance in coastal waters.  Focusing on Chinook salmon provides 

 217



a conservative estimate of potential effects of the proposed action on Southern Residents, 
because the total abundance of all salmon and other potential prey species is orders of magnitude 
larger than the total abundance of Chinook salmon.  
 
When prey is scarce, whales must spend more time foraging than when it is plentiful, leading to 
increased energy expenditure and decreased fitness, which can result in relatively lower 
reproductive rates and relatively higher mortality rates.  Food scarcity would cause whales to 
draw on fat stores, mobilizing contaminants stored in their fat.  It is uncertain to what extent long 
term or more recent declines in salmon abundance contributed to the decline of the Southern 
Residents DPS, or whether current levels are adequate to support the survival and recovery of the 
Southern Residents (more details are available in the section 4.2.5.3.1, which discusses the 
correlative relationships between Southern Residents survival and fecundity and Chinook salmon 
abundance). 
 
The availability of Chinook salmon to Southern Residents is affected by a number of natural and 
human actions.  Details regarding baseline conditions of those Chinook salmon affected in the 
action area that are listed under the ESA are described above in this section.  As discussed above, 
adult salmon are affected by fisheries harvest in fresh and marine waters, dams that impede 
passage, other habitat modifications, and poor water quality.  In addition, climate effects from 
PDO and the ENSO conditions and events cause changes in ocean productivity which can affect 
natural mortality of salmon, as described in more detail in section 4.2.4.11.  Predation in the 
ocean also contributes to natural mortality of salmon. Salmonids are prey for pelagic fishes, 
birds, and marine mammals (including Southern Residents). 
 
NMFS has previously consulted on the effects of fishery harvest actions on Southern Residents, 
including 10-year terms of the Pacific Salmon Treaty (term of biological opinion from 2009-
2018, NMFS 2008) and the United States v. Oregon 2008 Management Agreement (term of 
biological opinion from 2008-2017; NMFS 2008d), and the Pacific Coast Salmon Plan fisheries 
(NMFS 2009a).  These are abundance-based harvest programs that allow for increased harvest 
when runs are abundant and reduced harvest when runs are lower.  The Pacific Salmon Treaty 
and Pacific Coast Salmon Plan harvest programs will reduce Chinook salmon prey available to 
Southern Residents in any given year.  NMFS analyzed the likely reductions based on good and 
poor years of Chinook salmon abundance, in both the coastal range of the whales and inland 
waters of Puget Sound.  For Pacific Salmon Treaty fisheries, in 6 out of 12 cases (years and 
locations), using the most conservative assumptions about the whales’ prey needs and 
preferences, the reductions are less than 2 percent of the Chinook salmon that would otherwise 
have been available to the whales.  In 10 out of 12 cases they are less than 5 percent.  The 
greatest reduction of 10.5 percent occurs in coastal waters, July to September, during good 
Chinook salmon years.  For Pacific Coast Salmon Plan fisheries, which were included as part of 
the Pacific Salmon Treaty analysis, in 7 out of 12 cases (years and locations), using the most 
conservative assumptions about the whales’ prey needs and preferences, the reductions are less 
than 1 percent of the Chinook salmon that would otherwise have been available to the whales.  In 
10 out of 12 cases they are less than 2 percent.  The greatest reduction of 6.2 percent occurs in 
coastal waters, July to September, during good Chinook salmon years. The largest reductions in 
both cases occur when the ratio of prey available compared to prey needed is relatively large.  
Under the United States v. Oregon Agreement, harvest occurs in the Columbia River and does 
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not affect short-term availability of the whales’ prey.  In the long term, NMFS concluded that all 
three of these harvest actions allow sufficient escapement of spawning adults to meet the 
conservation objectives of listed and unlisted harvested stocks.   
 
We have also previously consulted on the effects of hydro-power dams and flood control 
programs on Southern Residents (NMFS 2008g, NMFS 2008h). in the action area.  As part of the 
proposed action for the Federal Columbia River Power System and the Willamette Flood Control 
Program, action agencies proposed funding hatchery programs in addition to their proposals for 
dam operations and maintenance.  For both programs, the proposed actions did not result in a net 
decrease in Chinook salmon prey for Southern Residents in the short term.  To mitigate for the 
harmful effects of hatchery production on long-term Chinook salmon viability (and thus killer 
whale prey availability) the action agencies committed to a schedule of future hatchery reforms.   
 
5.7.2.2  Prey Quality 
 
Contaminants enter marine waters and sediments from numerous sources, but are typically 
concentrated near populated areas of high human activity and industrialization.  Freshwater 
contamination is also a concern because it may contaminate salmon that are later consumed by 
Southern Residents in marine habitats.  Chinook salmon contain higher levels of some 
contaminants than other salmon species, but only limited information is available for 
contaminant levels of Chinook salmon along the west coast (Krahn et al. 2007).  As discussed in 
the Status of the Species section, recent studies have documented high concentrations of PCBs, 
DDTs, and PBDEs in killer whales (Ross et al. 2000, Ylitalo et al. 2001, Reijnders and Aguilar 
2002, Krahn et al. 2004).  Killer whales accumulate and store the contaminants in their blubber 
when they consume contaminated prey.  The whales can metabolize their blubber when prey is 
scarce, which mobilizes and redistributes the contaminants to other tissues, increasing risk of 
immune or reproductive effects during weight loss from reductions in prey (Krahn et al. 2002). 
   
5.7.2.3 Vessel Activity and Sound 
 
Commercial, military, recreational and fishing vessels traverse the coastal range of Southern 
Residents.  Vessels may affect foraging efficiency, communication, and/or energy expenditure 
by their physical presence and by creating underwater sound (Williams et al. 2006, Holt 2008).  
Collisions of killer whales with vessels are rare, but remain a potential source of serious injury 
and mortality.  Large ships that traverse coastal waters of the whales’ range move at relatively 
slow speeds and are likely detected and avoided by Southern Residents.  
 
Vessel sounds in coastal waters are most likely from large ships, tankers and tugs.  Sound 
generated by large vessels is a source of low frequency (5 to 500 Hz) human-generated sound in 
the world’s oceans (National Research Council 2003).  While larger ships generate some 
broadband noise in the hearing range of whales, the majority of energy is below their peak 
hearing sensitivity.  At close range large vessels can still be a significant source of background 
noise at frequencies important to the whales (Holt 2008).  Commercial sonar systems designed 
for fish finding, depth sounding, and sub-bottom profiling are widely used on recreational and 
commercial vessels and are often characterized by high operating frequencies, low power, 
narrow beam patterns, and short pulse length (National Research Council 2003).  Frequencies 

 219



fall between 1 and 500 kHz, which is within the hearing range of some marine mammals, 
including killer whales, and may have masking effects. 
 
5.7.2.4  Non-Vessel Sound 
 
Anthropogenic (human-generated) sound in the range of Southern Residents is generated by 
other sources besides vessels, including oil and gas exploration, construction activities, and 
military operations. Natural sounds in the marine environment include wind, waves, surf noise, 
precipitation, thunder, and biological noise from other marine species. The intensity and 
persistence of certain sounds (both natural and anthropogenic) in the vicinity of marine mammals 
vary by time and location and have the potential to interfere with important biological functions 
(e.g., hearing, echolocation, communication). 
 
In-water construction activities are permitted by the Corps under section 404 of the CWA and 
section 10 of the Rivers and Harbors Act of 1899 and by the State of Washington under its 
Hydraulic Project Approval program.  Consultations on these permits have been conducted and 
conservation measures have been included to minimize or eliminate potential effects of in-water 
activities, such as pile driving, on marine mammals.  Military sonar also has the potential to 
disturb killer whales. 
 
5.7.2.5  Oil Spills 
 
Oil spills have occurred in the coastal range of Southern Residents in the past, and there is 
potential for spills in the future.  Oil can be discharged into the marine environment in any 
number of ways, including shipping accidents, refineries and associated production facilities, and 
pipelines.  Numerous oil tankers transit through the range of Southern Residents throughout the 
year.  The magnitude of risk posed by oil discharges in the action area is difficult to precisely 
quantify, but improvements in oil spill prevention procedures since the 1980s likely provide 
some reduced risk of spill. 
 
Repeated ingestion of petroleum hydrocarbons by killer whales likely causes negative effects; 
however, long-term consequences are poorly understood.  In marine mammals, acute exposure to 
petroleum products can cause changes in behavior and reduced activity, inflammation of the 
mucous membranes, lung congestion, pneumonia, liver disorders, and neurological damage 
(Geraci and St. Aubin 1990).  In addition, oil spills have the potential to negatively impact 
habitat and prey populations, and, therefore, may negatively affect Southern Residents by 
reducing food availability. 
 
5.7.2.6  Scientific Research 
 
Although research activities are typically conducted between May and October in inland waters, 
some permits include authorization to conduct research in coastal waters.  In general, the primary 
objective of this research is population monitoring or data gathering for behavioral and 
ecological studies.  In 2006, NMFS issued scientific research permits to seven investigators who 
intend to study Southern Residents (NMFS 2006).  Additionally in 2008, NMFS issued another 
scientific permit to one investigator intending to study Southern Residents (NMFS 2008i).  In the 
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biological opinions NMFS prepared to assess the impact of issuing the permits, we determined 
that the effects of these disturbances on Southern Residents were likely to adversely affect, but 
not likely to jeopardize the continued existence of, the Southern Residents (NMFS 2006, 2008i). 
A small portion of the authorized take would occur in the coastal range of Southern Residents.  
 
5.7.2.7  Recovery Planning 
 
The final recovery plan for Southern Residents was issued in January 2008 (NMFS 2008a). 
Implementation of the Southern Residents recovery plan is currently in progress.  To date, 
recovery planning and implementation has incorporated a range of actions, including additional 
scientific research to better understand threats to recovery, and directed actions to reduce the risk 
associated with identified threats.  Actions that reduce the risk associated with identified threats 
will benefit Southern Residents.  Additionally, recovery planning for salmon will benefit 
Southern Residents, where actions improve the quantity and quality of prey available to Southern 
Residents. 
 
5.7.3  Summary of Southern Residents Environmental Baseline 
 
Southern Residents are exposed to a wide variety of past and present state, Federal or private 
actions and other human activities in the coastal waters that comprise the action area, as well as 
Federal projects in this area that have already undergone formal section 7 consultation, and state 
or private actions that are contemporaneous with this consultation.  All of the activities discussed 
in the above section are likely to have some level of impact on Southern Residents when they are 
in coastal waters of their range. 
 
No single threat has been directly linked to or identified as the cause of the recent decline of the 
Southern Residents, although the three primary threats are identified as prey availability, 
environmental contaminants, and vessel effects and sound (Krahn et al. 2002).  Researchers are 
unsure about which threats are most significant.  There is limited information on how these 
factors or additional unknown factors may be affecting Southern Residents when in coastal 
waters.  For reasons discussed earlier, it is possible that two or more of these factors may act 
together to harm the whales.  The small size of the population increases the level of concern 
about all of these risks (NMFS 2008a). 
 
 
6.0   EFFECTS OF THE PROPOSED ACTION 

6.1   Approach to the Assessment 
 
Section 2 of this Opinion describes our approach to analyzing the effects of the action.  The 
primary information used in this assessment include the list of resources provided in section 2.4, 
fishery information described earlier in the “Status of the Species and Critical Habitat” and 
“Environmental Baseline” sections of this Opinion; studies and accounts of the impacts of water 
diversions on anadromous species; and documents prepared in support of the proposed action. 
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The analysis of effects on Southern Residents considers the short- and long-term effects of 
CVP/SWP operations on naturally- and hatchery-produced Chinook salmon.  The analysis of 
effects begins by utilizing the analysis of effects on winter-run and spring-run.  For short-term 
effects, NMFS analyzed the effects of the action on naturally- and hatchery-produced Chinook 
salmon in the Central Valley, and also the production of hatchery-produced Chinook salmon at 
Nimbus Fish Hatchery and Trinity River Fish Hatchery.  For the long-term effects, NMFS 
considers the sustainability of hatcheries in the production of Chinook salmon.   
 
6.2  Clear Creek and Whiskeytown Dam 
 
6.2.1  Deconstruct the Action 
 
In order to understand the action, certain assumptions have been made (see table 2-3).  The 
assumption for Clear Creek is that the Trinity River Division will continue operations as 
modeled.  As stated in section 1.5.1, NMFS will analyze the effects of the Trinity River Division 
portion of the proposed action on SONCC coho salmon in a separate biological opinion.  All of 
the water diverted from the Trinity River (1.2 MAF annually), plus a portion of Clear Creek 
flows (i.e., the flows entering above Whiskeytown Lake) is diverted through the Spring Creek 
Power Conduit to Keswick Reservoir.  Therefore, this section only addresses that portion of the 
Trinity River Division that is diverted through Whiskeytown Reservoir and becomes a part of the 
Clear Creek releases.  Due to the diversions of Trinity River water, flows are greater during parts 
of the year and temperatures are cooler than what was present in Clear Creek prior to the 
construction of Whiskeytown Dam (section 5.2.3, figure 5-5).  There is no temperature control 
device (TCD) on Whiskeytown Dam (however, there is a temperature control curtain that 
reduces mixing of cold water near the dam).  Therefore, water temperature can only be 
controlled by changing releases.   
 
Reclamation’s operations follow the CVPIA AFRP guidelines (USFWS 2001) which, for Clear 
Creek, are:  “200 cfs October 1 to June 1 from Whiskeytown dam for spring-run, fall-run, and 
late fall-run salmon spawning, egg incubation, emigration, gravel restoration, spring flushing and 
channel maintenance; and release 150 cfs or less, from July through September to maintain < 
60oF temperatures in stream sections utilized by spring-run Chinook salmon.”  Until a Fishery 
Management Plan is developed, Reclamation proposes an adaptive management approach to 
higher releases during the summer, which involves recommendations from the Clear Creek 
Technical Team and the B2 Interagency Team.  
 
The USFWS is currently conducting an IFIM flow study to determine the habitat suitability of 
the current release pattern for rearing juvenile salmon and CV steelhead.  Given the small size of 
Clear Creek, the flows are comparable to the Stanislaus River, which supports far fewer CV 
steelhead and fall-run.   
 
6.2.2  Assess Species Exposure 
 
The purposes of this analysis are to define the temporal and spatial co-occurrence of spring-run 
and CV steelhead life stages and their stressors associated with the proposed project.  First we 
identify the life stages and associated timings for spring-run and CV steelhead in Clear Creek.  
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Adult CV steelhead immigration into Clear Creek usually occurs from August through March 
with a peak occurring from September to November (USFWS 2008).  Steelhead adults tend to 
hold in the upper reaches of Clear Creek from September to December, when spawning starts, 
and goes through early March.  Peak spawning occurs from late January to early Febraury 
(USFWS 2007).  The embryo incubation life stage begins with the onset of spawning in late 
December and generally extends through April. 
 
For spring-run, adult emigration into Clear Creek occurs from April through September.  Over 
summer holding occurs from May through September.  Spawning begins in September through 
October.  Egg incubation occurs from September through December.  Juveniles rear from 
October through April.   
 
The second step in assessing spring-run and CV steelhead exposure is to identify the spatial 
distribution of each life stage.  Adult CV steelhead hold and spawn from Whiskeytown 
downstream to RM 3 in the lower reaches (USFWS 2007, figure 5-1).  Spawning is spread out 
and expands downstream where adults can find suitable areas of newly augmented gravels.  The 
juvenile life stage occurs throughout the entire river, with rearing generally occurring near 
spawning areas.  
 
Adult spring-run tend to move as far upstream as possible to access cooler temperatures below 
Whiskeytown Dam, then spread downstream prior to spawning.  Juvenile spring-run emigration 
in Clear Creek appears to be as YOY only, as identified in RSTs from May through December 
(USFWS 2008).  Peak emigration occurs in November and December before the start of juvenile 
fall-run emigration.  Trap data indicates that 93 percent of the juveniles identified as spring-run 
leave as fry, measured at 30-39 millimeters (USFWS 2008). 
 
The last step in assessing spring-run and CV steelhead exposure is to overlay the temporal and 
spatial distributions of proposed action-related stressors on top of the temporal and spatial 
distributions of Clear Creek spring-run and CV steelhead.  This overlay represents the completed 
exposure analysis and is described in the first three columns of tables 6-1 and 6-2. 
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6.2.3  Assess the Species Response 
 
This section will assess how spring-run and CV steelhead in Clear Creek will likely respond to 
the proposed action-related stressors.  Life stage-specific responses to specific stressors related to 
the proposed action are summarized in the last two columns of tables 6-1 and 6-2 and described 
in detail below. 
 
Table 6-1.  Summary of proposed action-related effects and responses on Clear Creek spring-run. 

Life Stage/ 
Location 

Life stage 
Timing Stressor Response Probable fitness 

reduction 
Adult 
immigration,  

April - July Smaller spawning area due 
to temperature 
management down to Igo 
Gage and physical barrier 
at fish weir 

Introgression/hybridization w/fall-run; 
density dependency effects & redd 
superimposition; limited carrying 
capacity of stream will dictate 
population size, possible loss of some 
individuals that spawn below Igo 
TCP, or come in late and spawn 
below weir with fall-run  

Reduced 
reproductive 
success and 
reduce survival 

Adults, 
immigration 

same Lack of attraction flows  Fail to migrate far enough upstream to 
avoid unsuitable temperatures while 
spawning 

  

Adults, 
holding 

May - 
August 

Temp > 60ºF during 
summer holding period 

None expected - temp control to Igo; 
possibly some pre-spawn mortality in 
critically dry years when not enough 
cold water in Whiskeytown Lake 

Reduced 
reproductive 
success 

Adults, 
spawning 

Sept - Oct Loss of spawning gravel 
below Whisketown Dam 

Reduced spawning areas; spawning 
success diminishes 

Reduced 
reproductive 
success 

Adults, 
spawning 

Sept - Oct Temp > 56ºF during 
spawning, due to low flow 
conditions 

Loss of eggs and sac-fry; fewer 
juveniles survive  

Reduced 
reproductive 
success 

Egg incubation Sept - Dec Exposure to temp. > 56ºF 
in September only for fish 
that spawn below TCP 

Mortality varies with exceedance rate 
and number of redds; loss of some 
portion of those eggs 

Reduced 
reproductive 
success 

Juvenile 
rearing 

October-
April 

Exposure to temp. > 65ºF 
during rearing period 

Truncated emigration timing, reduced 
survival; poor in-river survival, 
reduced numbe of juveniles produced 

Reduced survival 
and growth 

 
All modeled runs assume the use of CVPIA b(2) water would continue into the future.  In 
critically dry years, modeled releases decrease to 40 to 70 cfs from October through May, but 
would not be significant because they occur during the winter.  Releases in dry years (i.e., 20 
percent probability of occurring) in June drop to 100 cfs, which may impact the ability to control 
water temperatures.  Low flows in June would be expected to limit the space available to 
juvenile CV steelhead and Chinook salmon that are rearing in Clear Creek.  However, since 
water temperatures have been maintained at lower flows in July and August (i.e., typically 85 cfs 
in recent years), low flows in June of 100 cfs are not expected to cause significant temperature 
related effects. 
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Table 6-2.  Summary of proposed acton-related effects and responses on Clear Creek steelhead. 

Life Stage/ 
Location 

Life stage 
timing Stressor Response 

Probable 
fitness 

reduction 
Adults  August - 

March 
Water temp. > 65ºF for 
migration rarely occurs due 
to temp. control at Igo, 
possible in lower reach near 
confluence with Sacramento 
River during August and 
September 

Some adults may not enter mouth 
of Clear Creek, 1) delayed run 
timing, 2) seek other tributaries, 
3) spawn in mainstem Sac. R. 

Reduced 
reproductive 
success 

Adults Dec - March Lack of adequate spawning 
gravels 

Adults spawn in same areas, 
greater competition for suitable 
sites 

Reduced 
reproductive 
success 

Adults April -June Lack of channel forming 
flows due to presence of 
dam, reduces gravel 
transport 

Less diversity, adults tend to 
spawn in same areas every year, 
reduced egg and fry production, 
competition for redd sites with 
other species (fall/late fall-run) 

Reduced 
reproductive 
success 

Egg incubation Dec - March Water temp. < 56ºF during 
spawning and incubation 

Late hatch, lower growth rate to 
fry stage 

None expected 

Juvenile 
rearing 

May - Sept Low summer flows ( < 80 
cfs)  

Higher water temp., less food, 
less space, less growth,  > 
predation 

Reduced 
survival 

Smolts same High water temps > 60ºF in 
July and August 

Move to cooler areas, perish, or 
more likely to be predated upon   

all stages adults 
August - 
March, 
juveniles all 
year 

Nimbus Fish Hatchery 
releases steelhead juveniles 
into the river as mitigation 
for loss habitat above 
Folsom Dam 

Hatchery smolts compete with 
wild fish for food and space in 
river, also cause wild fish to 
immigrate at same time (Pied 
Piper effect), increased straying 
rate 

Reduced 
fitness, reduce 
growth rates of 
wild fish 

 
The higher flow rates [in part due to the additional water provided through b(2)], along with 
channel restoration, McCormick-Saeltzer Dam removal, and gravel augmentation have lead to 
increasing populations of spring-run (figure 5-2) and CV steelhead (figure 5-3) in Clear Creek.  
It is uncertain how much is attributable to just the increase in flows (proposed action).  Low 
flows and warm temperatures during 10 percent of years (critical drought year conditions) will 
limit steelhead and spring-run recruitment because it depends completely on cold water releases 
from Whiskeytown (an artifact of diverting colder water through the reservoir from Trinity 
River).  During extended drought periods, when the cold water reserve in Whiskeytown is 
exhausted, temperatures could be lethal for spring-run eggs and steelhead juveniles.  Flows drop 
to their lowest point during the summer, typically to about 85 cfs, and temperatures limit juvenile 
steelhead rearing.  The 1986 IFIM studies found optimum rearing flows for steelhead and salmon 
during May through October are 300 cfs (CVP/SWP operations BA figure 5-4).  Existing 
operations tend to flat-line flows at 200 cfs throughout the year, which reduces the habitat 
variability and diversity of life stages essential for survival (i.e., diverse habitats and variable 
flows tend to buffer fish populations from changes in the environment). 
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6.2.3.1 Whiskeytown Releases to Clear Creek  
 
All modeled runs in the CVP/SWP operations BA assume the use of b(2) water.  Reclamation 
proposes to maintain flows at 200 cfs throughout the year, except during the summer months.  
However, CALSIM modeling (CVP/SWP operations BA figures 6.1 and 6.3) shows that slightly 
less than the AFRP guidelines will be released over the long-term (i.e., approximately 180 cfs).  
Flow releases less than 200 cfs are expected to occur in 25 percent of years during steelhead 
upstream migration.  During the driest years (4 percent of historical years modeled), the flows 
could drop to as low as 30 cfs without b(2) water to support releases.  Historical flow studies 
showed optimal spawning flows for steelhead were estimated to be 87 cfs in the upstream 
reaches and 250 cfs for rearing downstream of the old Saeltzer Dam site (CVP/SWP operations 
BA).   In the worst-case scenario, flows would be below 87 cfs in the upstream areas 4-5 percent 
of historically modeled conditions (figure 6-1).  However, since steelhead spawning has 
currently been observed expanding throughout the 17 miles of Clear Creek (USFWS 2007a, 
2008a), it is reasonable to assume that spawning habitat would be reduced by low flows more 
often in dry years.  The CVP/SWP operations BA states that, “during dry years flows for 
attraction, holding, and upstream migration could be less than optimal” for steelhead on Clear 
Creek. 
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Figure 6-1.  Clear Creek minimum flow conditions based on historical conditions (CVP/SWP operations BA). 
 
Spring-run enter Clear Creek from April through September and spawn from September through 
October.  Modeled and actual flows in July and August are 85 cfs in all years (figure 5-5 and 5-
7).  Flows in September would be 150 cfs, except in critically dry years when minimum flows 
could drop to as low as 30 cfs in 4-5 percent of historical conditions.  During the driest of years, 
low flows would be expected to cause competition for suitable spawning sites and redd 
superimposition.  In the past, Instream Flow Incremental Methodology (IFIM) studies based on 
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Physical Habitat Simulation (PHABSIM) developed for fall-run9 estimated optimum flows in the 
upstream reach to be 62 cfs for spawning and 75 cfs for rearing, provided incubation and rearing 
temperatures were provided (CVP/SWP operations BA).  Flows of 30 cfs in September during 
dry years would limit suitable spawning habitat and block upstream migration, since a bedrock 
chute limits access to the upper reaches of Clear Creek at low flow levels.  Spawning attraction 
flows of 500 cfs were recommended by Denton (1986 op. cit. CVP/SWP operations BA) in 
October and November for fall-run.  Similar attraction or pulse flows could be used in April and 
May to attract spring-run spawners.  The interim flow schedule (CVP/SWP operations BA figure 
5-4) developed for Clear Creek in the 1980s (pre-AFRP guidelines) was intended to maintain 
salmon and steelhead habitat until the current studies, described below, could be conducted to 
fine-tune the releases. 
 
Recent IFIM studies using an improved 2-dimensional hydraulic and habitat model (RIVER2D) 
showed that the current AFRP guidelines are significantly limiting the amount of habitat 
available for spring-run spawning (Gard 2006, 2008).  The RIVER2D model more accurately 
predicts depths and velocities over a range of flows than the traditional PHABSIM component of 
IFIM.   In addition, RIVER2D modeling can handle complex habitat types and alternative habitat 
suitability criteria.  Spawning habitat for spring-run salmon and CV steelhead was calculated at a 
range of flows from 50 cfs (minimum required) to 900 cfs (75 percent of the outlet capacity from 
Whiskeytown Dam) using the weighted useable area (WUA) developed from habitat suitability 
curves (HSCs).  The HSCs are used to translate hydraulic data into indices of habitat quality.  
The results of the 2007 flow study indicated that flows greater than 600 cfs in the upper canyon 
reaches are needed from September through December to increase spring-run habitat availability 
and productivity (i.e., based on providing 96 percent of the WUA).  At the current maintenance 
flows (i.e., 200 cfs), only 50 percent of the habitat in the upper reach, and only 30 percent of the 
habitat in the lower reach (to Clear Creek Road Bridge) are available for spring-run spawning.  
The same study found for steelhead that flows of 200 cfs achieved maximum habitat availability 
and productivity (i.e., > 91 percent of the WUA) for spawning from January through June (Gard 
2008).  Based on the results of these new studies, the current releases from September through 
June are limiting the available spawning habitat for spring-run, but are maximizing suitability for 
CV steelhead spawning.  Although the current success of spring-run spawning does not appear to 
be limited by spawning habitat availability, as the number of spring-run in Clear Creek increases, 
the availability of spawning habitat will be limited by the lack of suitable flows, which, in turn, 
reduces the reproductive success of an individual and eventually results in a decrease or 
suppression in the population..  Additional flow studies are planned for 2009 and 2010 that 
evaluate juvenile rearing habitat. 
 
Ramping rates for non-flood control releases are limited to 14-16 cfs per hour up to 600 cfs.  
Ramping rates for releases greater than 300 cfs must be made after consultation with the Clear 
Creek Technical Team, which is made up of inter-agency fisheries biologists and non-
governmental organizations.  Uncontrolled flood releases are made through a Glory Hole into 
Clear Creek.  These flows have the potential to strand and/or isolate salmon and CV steelhead 
juveniles, but they also provide channel-forming flows that move spawning gravel that is added 
annually at the base of the dam as part of the restoration projects. 
                                                 
9 Fall-run are used here as a surrogate for spring-run since they have similar life history stages and temperature 

requirements, and specific flows requirements for spring-run are still being developed by the USFWS. 
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Historically, releases from Whiskeytown Dam were greater than the minimum instream flows 
proposed in table 6-3, until water year 1995 when the flow requirements switched to the b(2) 
flows, and water was being released through the spillway.  Without the addition of b(2) flows 
throughout the year, Clear Creek flows could revert back to schedule in table 6-3, below, as 
described in the project description.  Based on the more recent IFIM studies, minimum flows of 
50 cfs in September and October (table 6-3) would not be sufficient to support water temperature 
objectives and instream habitat needs for spring-run spawning and incubation.  For modeling 
purposes, CALSIM II assumed no b(2) water is available for Clear Creek when Trinity Reservoir 
drops below 600 TAF (worst case).  This would only occur in the driest 10 percent of years 
(CVP/SWP operations BA figure 10-12).    
 
Table 6-3.  Minimum flow schedule at Whiskeytown Dam from 1963 USFWS proposal and 2001 CVPIA 
AFRP flow guideline (Appendix 1 to this Opinion table 4).  

Period 1963 Minimum flow 
(cfs) 

2001 AFRP flows (cfs) 

Normal year flow:  All water year types: 
  January 1 - October 31 50   200 cfs October - June 

  November 1 - December 31 100 150 cfs July- September 

Critical year flow:   

  January 1 - October 31 30  

 November 1 - December 31 70  
 
When not spilling through the Glory Hole, Whiskeytown Dam buffers Clear Creek from the 
impact of high flow events that might cause stranding and isolation of juveniles and redds.  
Releases typically remain at a constant rate during the majority of flood events.  The probability 
of an uncontrolled spill from Whiskeytown Dam is 50 percent, or every other year (CVP/SWP 
operations BA).  The reservoir also acts to spread out the change in flow rate following rapidly 
declining river stage.   
   
6.2.3.2  Water Temperatures 
 
Since 1999, mean daily water temperatures have been maintained at 60°F or less down to the 
USGS gage at Igo (RM 10.9) consistent with the 2004 NMFS Opinion for CV steelhead over 
summering requirements.  Although temperatures may exceed 60°F downstream of the Igo gage, 
mean daily temperatures near the confluence with the Sacramento River (RM 1.7) rarely exceed 
70°F (USFWS 2007a).  Since 2002, Reclamation has managed releases to meet a daily average 
water temperature of 56°F at the Igo Gauge (4 miles downstream of Whiskeytown Dam) from 
September 15 through October 30, to provide for spring-run spawning (figure 5-6).  In 2004, an 
additional daily average temperature of 60°F was implemented from June 1 to September 15 to 
protect over-summering juvenile CV steelhead and holding adult spring-run.  There is no TCD 
on Whiskeytown Dam, and storage capability is limited to 700 TAF.  Therefore, water 
temperature can only be managed by controlling releases (figure 6-2). 
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In general, the water temperature objectives are met in each month that was modeled except from 
August through October, which is the spring-run spawning period.  September is shown as an 
example because it has the lowest objective (56°F at Igo) and therefore, would be the hardest to 
meet (figure 6-3).  For each month, there is little difference between the current operations and 
future conditions (Study 7.0 vs Study 8.0) because there is little change in the flows (figure 5-5).  
The analysis shows difficulty meeting water temperature objectives in 5 percent to 10 percent of 
the water years.  In the more recent years, since the Trinity ROD flows have been implemented, 
real time operations have experienced difficulty in meeting the temperature objectives due to 
longer residency time in Whiskeytown Reservoir (i.e., water is not transported through to Spring 
Creek tunnel in the volume and pattern that it used to be, causing warming).  These changes in 
water diversion pattern indicate that the model results probably underestimated aclievable water 
temperatures in Clear Creek.  Therefore, NMFS would expect water temperatures to be exceeded 
more often in the future.  In addition, climate change, as a future baseline stressor, will likely 
result in an increased reliance on Whiskeytown Dam and Shasta Dam releases for temperature 
control instead of Trinity River diversions.  Unfortunately, the Salmon Mortality Model could 
not be used on Clear Creek.  However, since the water temperature objective would be exceeded 
in September and October in 10 percent of years, NMFS would anticipate some egg mortality for 
spring-run during dry water years.  
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Figure 6-2.  Actual Clear Creek mean daily temperatures at Igo (red), Whiskeytown (blue), and flow (dashed 
line) measured in 2002, a dry year (CVP/SWP operations BA figure 11-12). 
 
Water temperature in Clear Creek is maintained with b(2) releases.  Typically, flows are 
increased after September 15 to meet the temperature objectives in NMFS’ 2004 CVP/SWP 
operations Opinion.  In order to meet the 200 cfs flow objective, Reclamation uses 
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approximately 60-70 TAF of b(2) water that is dedicated for upstream uses (i.e., anadromous fish 
species are considered for primary purposes).  NMFS assumes that most of the b(2) water in the 
future will be available for this purpose, as described in the CVP/SWP operations BA, however, 
there is considerable uncertainty regarding this assumption, given the new restrictions put on 
Delta exports by the USFWS’ December 15, 2008, Delta smelt biological opinion (USFWS 
2008).  For example, based on the actual operations that occurred in 2008, b(2) water was used to 
offset Delta pumping restrictions (court ordered) and the balance of b(2) water held for upstream 
purposes was uncertain.  Realizing this uncertainty in b(2) water, but also realizing the need for 
additional flows down Clear Creek, Reclamation made water available on Clear Creek through 
re-operations at Shasta Reservoir.  It is unknown how (b)2 water will be apportioned between the 
Delta and upstream areas given the new USFWS RPA. 
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Figure 6-3.  Clear Creek September water temperature exceedence plot at Igo gauge (CVP/SWP operations 
BA figure 10-42). 
 
Restoration efforts have been implemented on Clear Creek to target the recovery of salmonids.  
These projects have been funded by the CVPIA Clear Creek Fish Restoration Program and the 
CALFED ERP.  These programs have focused on channel restoration that has filled in gold 
mining ponds (reducing predation from warm water predators), added LWD, and augmented 
spawning gravel.  Results of a recent monitoring study (USFWS 2007a) suggest that these 
restoration programs and gravel supplementation have benefited CV steelhead and Chinook 
salmon.  Gravel supplementation has substantially increased the amount of available spawning 
habitat.  In 2007, injection gravel was found in an average of 40 percent of the CV steelhead 
redds, as compared with an average of 30 percent in 2001 and 2002.  Smaller gravel size of 1-2 
inches was specifically added for CV steelhead in the Whiskeytown Dam injection site.  Two of 
the three areas with the highest CV steelhead redd density were found below injection sites. 
 

 230



6.2.3.3  Geomorphic Effects of Altered Hydrology 
 
Extensive studies on Clear Creek have shown the negative impacts to habitat below 
Whiskeytown Dam from years of reduced magnitude and duration of flood events [McBain and 
Trush 1999, 2001; USFWS 2007, 2008; Graham Mathews & Associates (GMA) 2007].  Clear 
Creek is basically starved of sediment by Whiskeytown Dam and has loss its ability to contribute 
spawning gravel to the Sacramento River.  The reduction in flood events has lead to channel 
down cutting and a loss of spawning gravel.  To compensate for the loss in spawning gravel, 
Reclamation has annually funded a gravel augmentation program through the CVPIA.  This 
program provides gravel at key locations below Whiskeytown Dam, but leaves it up to the flows 
in Clear Creek to move gravels downstream so that they can be utilized for spawning.  However, 
the gravel augmentation program does not provide enough gravel to make up the deficit caused 
by Whiskeytown Dam.  Over 100,000 tons of gravel have been injected since 1996, but GMA 
(2007) estimated that it would take 560,000 tons to recharge the length of Clear Creek from 
Whiskeytown Dam to the Sacramento River.   
 
The impact of reduced high flow events in Clear Creek has decreased channel geometry and 
increased riparian encroachment (Vizcaino et al. no date).  The loss of high flows and 
immobilization of sediments has resulted in reductions in fish habitat and establishment of 
introduced warm water fish species better adapted to the new conditions.  Effects of reduced 
coarse sediment supply include:  riffle coarsening, fossilization of alluvial features, loss of fine 
sediments available for overbank deposition, and a reduction in the amount and quality of 
spawning gravels available for anadromous salmonids (GMA 2006 op. cit. USFWS 2008). 
 
The importance of these high flows (i.e., flood control releases or Glory Hole spills) for 
providing sediment transport and channel morphology cannot be overstated.  In Clear Creek, 
gravels are mobilized at 2,000 cfs, and channel bed mobilization occurs at 3,000 cfs (McBain 
and Trush 2001).  Only three channel bed mobilization events have occurred since gravel 
injection began in 1998 (GMA 2007). 
 
Overall, the loss of these channel-forming flows is reducing the temporal and spatial diversity for 
both spring-run and CV steelhead in Clear Creek. 
 
6.2.4  Assess the Risk to Individuals 
 
Spring-run and steelhead abundances in Clear Creek are increasing as a result of passage 
improvements, gravel augmentation, restoration projects, temperature control, and the addition of 
b(2) water.  However, continuing the proposed release pattern (i.e., 200 cfs through most of the 
year) does not allow for habitat diversity and the expression of multiple life-history traits 
essential for spring-run and steelhead survival and recovery.  Therefore, the future risk to the 
individuals in Clear Creek is that they will most likely experience reduced fitness, reduced 
reproductive success, and reduced growth rates (tables 6-1 and 6-2).  The consequence of the 
lack of variability in flows is less complexity in the habitat, leading to truncated run timing and 
ultimately, a loss of diversity (VSP parameters).  In the worst-case scenario, flows would drop to 
30 to 50 cfs in a dry year, which would prevent passage upstream to spring-run spawning areas 
below Whiskeytown Dam and in turn, result in reduced reproductive success.  Current flows may 
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limit the carrying capacity of spring-run and result in the underutilization of the existing amount 
of habitat available for spring-run spawning (USFWS 2007b), and suppress the potential for 
population increases.  Redd superimposition would likely result.  The proposed flow pattern, as 
described, lacks the high flows necessary to move spawning gravel downstream.  The lack of 
spawning gravel limits the reproductive success of individuals and, as a consequence, reduces 
the potential for the population to increase. 
 
Implementation of the Trinity ROD flow schedule will cause water temperatures to increase 
slightly in Clear Creek.  Higher water temperatures in September will cause some spring-run egg 
mortality in 10 percent of the years (dry years) and reduce reproductive success in those years.  
Progeny of those individuals that spawn in the middle to lower reaches due to improvements in 
spawning gravel will likely die from lethal temperatures in dry to critical years.  Studies on the 
American River have shown that juvenile steelhead exhibit site fidelity during over-summer 
rearing and do not move upstream into cooler habitats when temperatures warm to levels 
exceeding physiological tolerances (Water Forum 2005a).  Therefore, the proposed flow regime 
is likely to reduce the chances of an individual surviving in the future as the habitat upstream is 
fully utilized, forcing individuals into less suitable habitat downstream (i.e., lower reaches below 
the TCP at Igo).  The impact of drought years is likely to increase in the future with climate 
change impacts.  The consequence to individuals is that spawning is less likely to be successful 
in approximately 20 percent of years (i.e., dry years).  Whiskeytown Dam operations will 
continue to prevent the spatial and temporal separation of spring-run from fall-run, thus reducing 
the individual’s expression of life history traits that are unique to that species (e.g., anadromy in 
steelhead, and over-summer holding in spring-run). 
 
6.2.5  Effects of the Action on Spring-Run and CV Steelhead Critical Habitat in Clear 
Creek 
 
Clear Creek is designated critical habitat for spring-run and CV steelhead.  The PCEs of critical 
habitat for both species include freshwater spawning sites, freshwater rearing areas, and 
freshwater migration corridors.  This analysis on the effects of the proposed action on spring-run 
and CV steelhead critical habitat is based on information presented in the preceding sections 
regarding the effects of project operations, and are summarized below as they relate to the PCEs 
of critical habitat.  
 
Spawning and rearing habitat in Clear Creek is expected to be negatively affected by flow and 
water temperature conditions associated with the proposed action.  The value of critical habitat 
for the conservation of the species is reduced by not providing sufficient flows to maintain the 
suitability and availability of spawning habitat for spring-run.  Reducing the depth and velocity 
of flows will reduce the suitability and availability of both spawning and rearing sites for both 
spring-run and steelhead.  The lack of high enough flows (i.e., from flood control releases stored 
behind Whiskeytown Dam) will limit the space available for salmonids downstream of 
Whiskeytown Dam and reduce the ability of the populations to increase.   
 
For CV steelhead, the conservation value of critical habitat will be further reduced in dry years 
by unsuitable water temperatures in the lower reaches of Clear Creek during the summer rearing 
period.  Recent steelhead spawning surveys (USFWS 2008a) indicate that the use of the lower 
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reaches below the TCP is increasing.  Juveniles that rear over the summer in these lower reaches 
(i.e., downstream of the Igo Guage) are much more vulnerable to high water temperatures.  As a 
result, the ability of the habitat to support the current population and future recovering 
population is reduced or nullified. 
 
Recent studies on Clear Creek (USFWS 2007) using smaller gravel size suitable for steelhead 
have found that steelhead have utilized all newly added injection sites.  Spawning habitat on 
Clear Creek is improving with restoration efforts, gravel augmentation, and increased flows from 
b(2) water for temperature control.  However, the value of spawning habitat for the conservation 
of the species is reduced under future operations in critically dry years when cold water releases 
cannot be maintained from Whiskeytown Dam (i.e., years when Trinity River diversions are 
reduced).   
 
6.3  Shasta Division and Sacramento River Division 
 
Figure 5-8 provides a map of the upper Sacramento River.  Table 5-1 provides the life history 
timing for anadromous fish species, including winter-run, spring-run, CV steelhead, and the 
Southern DPS of green sturgeon in the upper Sacramento River.  Figure 5-14 provides a 
conceptual model of the future baseline stressors and project-related stressors that act on the 
listed anadromous species and their proposed and designated critical habitats in the upper 
Sacramento River mainstem. 
 
Life stage-specific responses to specific stressors related to the proposed action are summarized 
in the following tables; for winter-run, table 6-4; for spring-run, table 6-5; for CV steelhead, 
table 6-6; and for green sturgeon, table 6-7.  Major project-related stressors are analyzed in the 
following sections.  Due to the large number of stressors and species, this effects analysis intends 
to identify and describe the most important project-related stressors, prioritized by the greatest 
magnitude and duration of effects, and based on a literature review, knowledge and experience 
with project operations.  
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Table 6-4.  Summary of proposed action-related effects and responses on winter-run in the Sacramento 
River.  

Life Stage/ 
Location 

Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Adult 
Immigration 
 
RBDD 

May – 
Jul. 

RBDD gate closures from 
May 15 - Sept 15 every 
year until 2019 

~15 % of adults delayed in spawning, 
more energy consumed, greater pre-
spawn mortality, less fecundity; 
continues every year until 2019  

Reduced 
survival and 
reduced 
reproductive 
success 

Adult 
Immigration 
 
RBDD 

May – 
Jul. 

RBDD emergency 10 day 
gate closures prior to May 
15 

Greater proportion of run blocked or 
delayed; sub lethal effects on eggs in 
fish and energy loss. 
 
These emergency gate closures have 
occurred twice in the past 10 years and 
the frequency of occurrence may 
increase with climate change. 

Reduced 
survival and 
reduced 
reproductive 
success 

Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced spawning area 
from moving TCP 
upstream in almost every 
year  

Introgression or hybridization with 
spring/fall run/late-fall Chinook salmon; 
loss of genetic integrity and expression 
of life history 

Reduced 
reproductive 
success 

Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced spawning area 
from moving TCP 
upstream in almost every 
year  

Density dependency - aggressive 
behavior among spawning fish could 
cause higher prespawn mortality, 
increased fighting for suitable spawning 
sites, adults forced downstream into 
unsuitable areas 

Reduced 
survival and 
reduced 
reproductive 
success 

Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced spawning area 
from moving TCP 
upstream in almost every 
year  

Redd superimposition - spawning on top 
of other redds, destroys eggs 

Reduced egg 
survival and 
reduced 
reproductive 
success  

Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Water temperatures 
warmer than life history 
stage requirements below 
TCP 

Prespawn mortality; reduced fecundity, 
reduced spawning habitat available, less 
likely to re-colonize and expand into 
areas below TCP, reduces likelihood of 
recovery 

Reduced 
survival and 
reduced 
reproductive 
success 
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Life Stage/ 
Location 

Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Embryo 
Incubation 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Oct. 

Water temperatures 
warmer than life history 
stage requirements, every 
year.  (No carry-over 
storage target designed for 
fish protection is included 
in the proposed action.  
Without such a target, the 
risk of running out of 
coldwater in Shasta 
Reservoir increases.) 

Egg mortality - 16 % in critically dry 
years and increases to 65% in critically 
dry years with climate change.  On 
average, for all water year types, 
mortality is 5-12% with climate change 
and 2-3% without. 
 
56ºF is exceeded at Balls Ferry in 30% 
of the years in August and 55% of the 
years in September 
 
Sub-lethal effects, such as 
developmental instability and related 
structural asymmetry have been reported 
to occur to salmonids incubated at warm 
water temperatures (Turner et al. 2007, 
Myrick and Cech 2001, Campbell et al. 
1998).  These sub-lethal effects decrease 
the chance of winter-run to survive 
during subsequent life stages (Campbell 
et al. 1998).  Campbell et al. (1998) 
concluded that chronic thermal stress 
produced both selectively lethal and sub-
lethal effects that increased structural 
asymmetry and directly decreased 
salmon fitness. 

Reduced 
survival 

Embryo 
Incubation 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Nov 

Flow fluctuations for 
ACID dam installation, 2 
x /year 

Redd dewatering and stranding; loss of a 
portion, or all eggs in redd 

Reduced 
reproductive 
success 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD 

Jul. – 
Mar. 

Water temperatures 
warmer than life stage 
requirements 

Increased susceptibility to predation and 
disease in passing through Lake Red 
Bluff, gates at RBDD, fish screens, and 
bypass 

Reduced 
survival 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD 

Jul. – 
Mar. 

RBDD passage 
downstream through dam 
gates May 15 - Sept 15 

Mortality as juveniles pass through Lake 
Red Bluff and RBDD reportedly ranges 
from 5 to 50%; delayed emigration. 
 
Based on passage estimates of when 
juveniles are present at RBDD (USFWS 
1997-2007), approximately 10% of 
winter-run would be exposed to higher 
concentrations of predators when the 
gates are in (TCCA 2008). 

Reduced 
survival 
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Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Life Stage/ 
Location 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD  

Jul. – 
Mar. 

Lake Red Bluff, river 
impounded May 15 - Sept 
15 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, 
change in river conditions, change in 
food supply, every year since 1967 

Reduced 
survival and 
reduced 
growth 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD 

Jul. – 
Mar. 

Flow fluctuations caused 
by ACID dam removal in 
November 

Fry standing and juvenile isolation; 
juveniles killed or subjected to predation 
and higher temps in side channels. 
 
Flow fluctuations from the dam removal 
occur over a short time period, limiting 
the exposure to potential fry stranding 
and juvenile isolation.   

Reduced 
reproductive 
success 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD 

Jul. – 
Mar. 

Screened CVP diversions 
including continuing 
operation of the RBDD 
Research Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub 
lethal effects from going through pumps, 
loss of scales, disorientation. 
 
All screens were designed to meet 
NMFS fish screen criteria (e.g., 95% 
efficiency) 

Reduced 
survival 

Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Sep. – 
Nov. 

Unscreened CVP 
diversions between Red 
Bluff and the Delta 

Entrainment and greater predation Reduced 
survival 

Juveniles and 
smolts 
 
RBDD to 
Colusa 

Sep. – 
Nov. 

Lack of channel forming 
flows and reversed natural 
flow pattern (high flows in 
summer, low flows in 
fall), modifies critical 
habitat, including impaired 
geomorphic process  

Loss of rearing and riparian habitat and 
natural river function impaired (e.g., 
formation of side channels, sinuosity); 
loss of cottonwood recruitment = less 
food available, juveniles hang up and 
don't migrate downstream until 
appropriate cues (i.e., first storm > 
turbidity, < temp);  juveniles spend 
longer time in areas of  poor water 
quality, greater predation, less growth 
from less food sources, greater stress 
reduces response to predators 

Reduced 
survival and 
reduced 
growth 

Juveniles and 
smolts 
 
Colusa to 
Sacramento 

Sep. – 
Nov. 

Low fall flows Yearling emigration delayed, higher 
predation; fewer smolts survive to the 
Delta. 
 
Few winter-run are expected to be in this 
area during the fall. 

Reduced 
survival 
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Table 6-5.  Summary of proposed action-related effects and responses on mainstem Sacramento River spring-
run. 

Life Stage/ 
Location 

Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Adult 
immigration 
 
RBDD 

Mar. – 
Sep. 

RBDD gate closures 
from May 15 – Sept. 15 
(plus 10 days in April) 
force fish to use 
inefficient ladders 

~70% of the spring-run that spawn upstream 
of RBDD are delayed by approximately 20 
days on average, more energy consumed, 
greater pre-spawn mortality, less fecundity 

Reduced 
reproductive 
success 

Spawning 
 
Sacramento 
River 

Sep. – 
Oct. 

No temporal separation 
between spring-run and 
fall-run spawning due 
to delays at RBDD (no 
spatial separation due 
to Keswick and Shasta 
dams) 

Introgression -Hybridization with fall run 
and competition for habitat  

loss of genetic 
integrity and 
expression of 
life history 

Embryo 
incubation 

Sep. – 
Dec.  

Water temperatures 
warmer than life 
history stage 
requirements, during 
September and October 

Under near-term operations (Study 7.1) 
mortality is expected to range from 
approximately 9% in wet years up to 
approximately 66 % in critically dry years, 
with an average of approximately 21 % over 
all water year types; under modeled climate 
change projections, average egg mortality 
over all water year types is expected to be 
50 % and during the driest 15 % of years is 
expected to be 95 %.  Sub-lethal effects, 
such as developmental instability and 
related structural asymmetry have been 
reported to occur to salmonids incubated at 
warm water temperatures (Turner et al. 
2007, Myrick and Cech 2001, Campbell et 
al. 1998).  These sub-lethal effects decrease 
the chance of spring-run to survive during 
subsequent life stages (Campbell et al. 
1998).  Campbell et al. (1998) concluded 
that chronic thermal stress produced both 
selectively lethal and sub-lethal effects that 
increased structural asymmetry and directly 
decreased salmon fitness. 

Reduced 
survival  

Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and including 
RBDD 

Year-
round 

RBDD passage 
downstream through 
dam gates May15 - 
Sept 15, plus 10 days 
in April during 
emergencies 

Mortality as juveniles pass through Lake 
Red Bluff and RBDD reportedly ranges 
from 5 to 50%; delayed emigration. 
 
Based on passage estimates of when 
juveniles are present at RBDD (USFWS 
1997-2007), approximately 5 percent of the 
spring-run ESU that is spawned above 
RBDD would be exposed to higher 
concentrations of predators when the gates 
are in (TCCA 2008). 

Reduced 
survival 
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Life Stage/ 
Location 

Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and including 
RBDD 

Year-
round 

Lake Red Bluff, river 
impounded May15 - 
Sept 15, plus 10 days 
in April during 
emergencies 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, change 
in river conditions, change in food supply, 
every year since 1967 

Reduced 
survival and 
reduced 
growth 

Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and including 
RBDD 

Year-
round 

Screened CVP 
diversions including 
continuing operation of 
the RBDD Research 
Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub lethal 
effects from going through pumps, loss of 
scales, disorientation. 
 
All screens were designed to meet NMFS 
fish screen criteria (e.g., 95% efficiency). 

Reduced 
survival 

Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened CVP 
diversions between Red 
Bluff and the Delta 

Entrainment  and greater predation Reduced 
survival 

Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of channel 
forming flows and 
reversed natural flow 
pattern (high flows in 
summer, low flows in 
fall), modifies critical 
habitat, including 
impaired geomorphic 
process  

Loss of rearing habitat and riparian habitat 
and natural river function impaired (e.g., 
formation of side channels, sinuosity); loss 
of cottonwood recruitment = less food 
available, juveniles hang up and don't 
migrate downstream until appropriate cues 
(i.e., first storm > turbidity, < temp);  
juveniles spend longer time in areas of  poor 
water quality, greater predation, less growth 
from less food sources, greater stress 
reduces response to predators 

Reduced 
survival and 
reduced 
growth 

Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher 
predation; fewer smolts survive to the Delta. 
 
Few spring-run are expected to be in this 
area during the fall. 

Reduced 
survival 
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Table 6-6.  Summary of proposed action-related effects and responses on mainstem Sacramento River 
steelhead. 

Life Stage/ 
Location 

Life 
Stage 
Timing Stressor Response/Rationale for Magnitude of Effect 

Probable Fitness 
Reduction 

Adult 
immigratio
n 
 
RBDD 

Aug. – 
Mar. 

RBDD gate 
closures from 
May15 – Sept. 
15 force adults 
to use 
inefficient fish 
ladders 

17 % of those that spawn above RBDD, delayed 
in spawning, more energy consumed, greater 
pre-spawn mortality, less fecundity 

Reduced 
reproductive success 

Spawning  
 
Sacramento 
River 

Dec. – 
Mar. 

Straying of 
Nimbus 
Hatchery 
steelhead to 
mainstem 
Sacramento 
River 
spawning 
habitats 

Reduced genetic fitness of Sacramento River 
steelhead through the spread of Eel River genes 
and potentially hatchery rainbow trout genes to 
many below-barrier sites in the Central Valley 
(Garza and Pearse 2008).   

Reduced genetic 
fitness 

Egg 
incubation 
 
Sacramento 
River 

Dec. - 
May 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Sub-lethal effects - reduced early life stage 
viability; direct mortality in critically dry years; 
restriction of life history diversity (i.e., 
directional selection against eggs deposited in 
Mar.).   

Reduced survival 

Juvenile 
rearing/smo
lt 
emigration 
 
Upstream 
of and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Reduction in rearing habitat quality and quantity; 
delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967 

Reduced survival and 
reduced growth 

Juvenile 
rearing/smo
lt 
emigration 
 
Upstream 
of and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration.   
 
Based on passage estimates of when juveniles 
are present at RBDD (USFWS 1997-2007), 
approximately 1 % of the steelhead DPS that is 
spawned above RBDD would be exposed to 
higher concentrations of predators when the 
gates are in (TCCA 2008). 

Reduced survival 

Juvenile 
rearing/smo
lt 
emigration 
 
Upstream 
of and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub lethal effects 
from going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Reduced survival 
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Life Stage/ 
Location 

Life 
Stage 
Timing Stressor Response/Rationale for Magnitude of Effect 

Probable Fitness 
Reduction 

Juvenile 
rearing/smo
lt 
emigration 
 
Upstream 
of and 
including 
RBDD 

Year-
round 

Provision of 
higher flows 
and cooler 
water temps 
during the 
summer than 
occurred prior 
to the 
construction of 
Shasta Dam 

Potential fitness advantage for resident O.mykiss 
over the anadromous form, which would drive 
an evolutionary (i.e., genetic) change if life 
history strategy is heritable (Lindley et al. 2007).   

Reduced 
reproductive success 

Juvenile 
rearing/smo
lt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment Reduced survival 

Juvenile 
rearing/smo
lt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in late 
fall/winter), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  

Loss of rearing habitat and riparian habitat and 
natural river function impaired (e.g., formation 
of side channels, sinuosity); loss of cottonwood 
recruitment impacting food availability, 
juveniles spend longer time in areas of  poor 
water quality, greater predation, less growth 
from less food sources, greater stress reduces 
response to predators 

Reduced survival and 
reduced growth 

Juvenile 
rearing/smo
lt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta.  However, few 
steelhead are expected to be in this area during 
the fall. 

Reduced survival 

 
Table 6-7.  Summary of proposed action-related effects and responses on the Southern DPS of green sturgeon 
in the Sacramento River.  

Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 
Probable Fitness 

Reduction 
Adult 
Immigration 
 
Delta to 
KeswickDam 

Feb. – 
Sep. 
(peak 
in 
Apr.) 

Low flows 
during March - 
June 

Adults need large spring flows to trigger 
movement upstream to spawn, low flows may 
delay migration enough that they encounter 
RBDD closed gates and are forced to spawn 
downstream in less suitable habitat 

Reduced survival 
and reduced 
reproductive success 
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Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 
Probable Fitness 

Reduction 
Adult 
Immigration 
& 
emmigration 
 
RBDD 

Mar. - 
Dec. 

RBDD gate 
closures from 
May 15 - Sept 
15 (every year 
until 2019).   

Passage blocked, 55 miles of spawning habitat 
made inaccessible upstream of RBDD after May 
15.  Large aggragations (25-30) of adults 
observed below RBDD gates.  Estimate 30 
percent of run blocked based on run timing. 
Also, mortalities associated with downstream 
paasage under gates post-spawn, or after fish 
move above gates. Mortality greater on larger, 
more fecund females that cannot fit through 18” 
opening. 

Reduced survival 
and reduced 
reproductive 
success.   

Adult 
Immigration 
 
RBDD 

Apr. – 
May 
15. 

Emergency 10 
day gate 
closures prior 
to May 15 

Greater proportion of run blocked or delayed (40 
-50%) based on run timing; Greater mortalities 
associated with downstream passage under gates 
post spawn, or after moving above gates, sub 
lethal effects on eggs in fish and energy loss. 
Occurred twice in the past 10 years, but the 
frequency of occurrence may increase with 
climate change. 

Reduced survival 
and reduced 
reproductive 
success. (note: 12 
adults were observed 
killed by gates in 
2006) 

Adult 
Immigration 
 
ACID 

Apr. – 
May 
15. 

ACID  
installed April 
to November 

Passage blocked to 5 miles of spawning habitat 
below Keswick Dam. 

Reduced habitat and 
reduced spawning 
success. 

Adult  
Holding 

Jun. – 
Dec. 

Water 
temperature 
and low flows 

Some adults may hold for up to 9 months in the 
upper Sacramento River post-spawn waiting for 
an increase in flows to move downstream.  Water 
temperatures in September and October may 
stress individuals after the cold water pool is 
depleted.  Dam controlled releases reduce the 
first pulse flow in the fall that may trigger adults 
to move out, so they stay longer in upstream 
areas. Delayed emigration, reduced fitness, 
longer periods between spawning runs. 

Reduced probability 
of repeat spawning 

Spawning 
 
 
 

Apr. – 
Jul. 

Blocked 
access to 
individuals 
above RBDD 

Spawners that are blocked by RBDD are 
prevented from spawning with the portion of the 
run already above RBDD. Reduced genetic 
variability, may reduce fecundity, or size of fish 
if smaller adults arrive first. 

Reduced survival 
and reduced 
reproductive success 

Embryo 
Incubation 

Apr. – 
Aug. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
below 
Hamilton City. 

For eggs and fry that are spawned in areas from 
RBDD to Hamilton water quality is less suitable 
than above RBDD where temperatures are 
controlled for winter-run.  Eggs suffocate from 
less flow, physiological effects, delayed hatch, 
greater predation on eggs due to presence of non-
native introduced warm-water species. 

Reduced egg 
survival and reduced 
reproductive success 

Juvenile 
rearing to 
Hamilton 
City 
 

Jun. – 
Nov. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements. 

Juveniles move downstream immediately after 
hatching and encounter sub-optimum 
temperatures below Hamilton City due to 
truncated spawning distribution.  May reduce 
growth, feeding, delay emigration, and increase 
predation from warm water species. 

Reduced survival 

 241



Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 
Probable Fitness 

Reduction 
Juvenile 
rearing 
 
Upstream of 
and including 
RBDD 

Jun. – 
Nov. 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15 

Reduction in rearing habitat quality and quantity; 
increased predation; change in riparian habitat, 
change in river conditions, change in food 
supply, every year since 1967. 

Reduced survival 
and reduced growth 

Juvenile 
rearing 
 
Upstream of 
and including 
RBDD 

Jun. – 
Nov. 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15 

Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 100% of the green sturgeon DPS 
that is spawned above RBDD would be exposed 
to higher concentrations of predators when the 
gates are in (TCCA 2008).  Approximately 70% 
of the entire green sturgeon DPS spawns above 
RBDD. 
 
Mortality of juvenile salmon emigrating past 
RBDD when the gates are in ranges from 5 -50% 
(Vogel et al. 1988; Tucker 1998); mortality of 
juvenile green sturgeon emigrating past RBDD 
has not been estimated, but is expected to 
increase when the gates are in. 

Reduced survival 

Juvenile 
rearing 
 
RBDD to 
Colusa 

Jul. - 
Nov. 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process   

Loss of rearing and riparian habitat and natural 
river function impaired (e.g., formation of side 
channels, sinuosity); loss of cottonwood 
recruitment = less food available, juveniles hang 
up and don't migrate downstream until 
appropriate cues (i.e., first storm > turbidity, < 
temp);  juveniles spend longer time in areas of  
poor water quality, greater predation, less growth 
from less food sources, greater stress reduces 
response to predators 

Reduced survival 
and reduced growth 

Juveniles 
 
Colusa to 
Sacramento 
and enter 
Delta 

Jun. – 
Nov. 

Low fall flows Emigration delayed, higher predation; fewer 
juveniles survive to the Delta 

Reduced survival 

 
6.3.1  Red Bluff Diversion Dam 
 
6.3.1.1  Deconstruct the Action 
 
The RBDD gates are proposed to be operated in the open position from September 15 through 
May 15 until a new pumping plant can be built just upstream (table 6-8).  This is the same 8 
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months out, 4 months in operation that has occurred for the last 10 years.  The CVP/SWP 
operations BA proposed this operation throughout the near term (up to year 2019)10.   
Once the new pumping plant becomes operational, the gates will be opened for 10 months, 
closed for 2 months plus closed for 10 days in May to accommodate boat race in Lake Red Bluff 
(table 6-8).   Future operations will close the gates 5 days later (i.e., May 20 instead of May 15) 
which would allow unimpeded passage to more adult winter-run at the tail end of their spawning 
migration in the long term.  The delay in closure will also improve passage for spring-run 
spawning above RBDD.  Currently, an estimated 35-40 percent of the green sturgeon in the 
mainstem Sacramento River are completely blocked from passing RBDD by the May 15 gate 
closure. 
 
Table 6-8.  Proposed Red Bluff Diversion Dam Gate Closures (CVP/SWP operations BA). 

Near-Term (2009-2019) Full Build Out (2020-2030)  
with new Pumping Plant 

May 15 – Sept. 15 4 days prior to through 3 days following Memorial 
Day weekend; and July 1 through the end of Labor 

Day weekend 
10-day emergency closure *11

4 months gates in 2 ½ months gates in 
 
Interim gate operations in 2009 were ordered by Federal court12 to cover the period prior to 
NMFS’ issuance of the new CVP/SWP operations Opinion.  These interim gate operations 
specify gate closures no earlier than June 15, and gate opening on September 1, to protect listed 
salmonids and green sturgeon.  TCCA has installed temporary pumps at RBDD to continue 
diverting water while the gates are not in place (May 15-June 15). 
 
6.3.1.2  Assess Species Exposure and Response to RBDD 
 
Based on recent RBDD ladder counts, the percentage of adults encountering delays when the 
gates go down on May 15 are approximately 15 percent for winter-run, 72 percent of spring-run, 
17 percent for CV steelhead, and 35 percent for green sturgeon (TCCA 2008 Appendix B1; 
figure 6-4).  Delays will impact adults spawning in the mainstem or tributaries above RBDD, and 
especially in Clear Creek, Cow Creek, and Cottonwood Creek.  Spring-run that are delayed at 
RBDD and cannot access tributaries as a result of low flows end up spawning in the mainstem 
Sacramento River with the fall-run. 
 
  
                                                 
10 Subsequent to Reclamation’s request to initiate formal consultation on the CVP/SWP operations, Reclamation, 

TCCA, and NMFS engaged in discussions to expedite the time frame to construct and implement the new pumping 
plant.  However, the Reclamation has not modified the CVP/SWP operations BA to reflect any change in schedule 
for the new pumping plant. 

11 Although Reclamation proposes to reoperate the RBDD after the near term, it did not mention the need (or lack of 
need) to retain its provision for a 10-day emergency pre-irrigation gate closure.  However, with the approximately 
10-day closure for the Lake Red Bluff boat races, and a pumping plant in place, NMFS did not see a need for 
Reclamation to retain the 10-day emergency pre-irrigation gate closure provision, and likewise, did not analyze the 
effect of that provision beyond the near term. 

12 Judge Wanger issued interim gate orders as part of ongoing litigation (PCFFA et al. vs. Gutierrez et al.) 
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Figure 6-4.  Run timing by month at Red Bluff Diversion Dam for adult winter-run, spring-run, fall-run, late 
fall-run, CV steelhead, and Southern DPS of green sturgeon (TCCA 2008). 
 
Adult CV steelhead encountering RBDD in the gates down position in September may also 
experience delays in migration.  Approximately 20 percent of those adult CV steelhead spawning 
in tributaries above RBDD (i.e., Battle Creek, Clear Creek, Cow Creek; figure 5-12) would 
experience delays in passage.  However, since CV steelhead spawn later in January and 
February, a delay of 1-2 weeks (September 1-15) at RBDD is not expected to reduce appreciably 
their ability to enter tributaries and successfully spawn.  The pattern of delays for winter-run and 
spring-run adults at RBDD is expected to continue for the next 11 years until a new pumping 
plant increases the gates open from 8 months to 10 months per year.  After the new Red Bluff 
Pumping Plant is built and operational, delays to Chinook salmon migration would be reduced, 
but still present for spring-run.  Green sturgeon will still be completely blocked from upstream 
spawning areas during the 10-day May closure for the Red Bluff boat races in both the near-
future and future operation, since they are not able to use the fish ladders (Heublein 2006, Brown 
2007). Overall, the problems with passage at RBDD have been studied for years and are 
summarized in TCCA (2008, Appendix B1), as follows:  “The biological consequences of 
blockage or passage delay at RBDD results in changes in spawning distribution (Hallock 1987), 
hybridization with fall chinook (CDFG 1998), increased adult pre-spawning mortality 
(Reclamation 1985), and decreased egg viability (Vogel et al.1988), all of which result in the 
reduction of annual recruitment of this species.” 

Adult green sturgeon migrate upstream from March through July, with the peak of spawning 
occurring from April through June (September 8, 2008, 73 FR 52084).  Spawning habitat for 
green sturgeon occurs both above and below RBDD and ACID (Heublein 2006, Brown 2007, 
Poytress et al. 2009).  The RBDD gate closure blocks approximately one-third of the spawning 
adults from accessing the upper Sacramento River.  Large aggregations of green sturgeon have 
been observed in the pool below the diversion dam during May and June after the gates are 
closed (Brown 2007, Corwin 2008, Urkov 2008).  The upper Sacramento River is the only 
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known spawning area for the Southern DPS of green sturgeon.  Those individuals that do not 
pass RBDD before May 15 are forced to spawn downstream in habitat that is less suitable (i.e., 
higher temperatures, less water velocity, and less bedrock habitat).  Heublein (2006) and Lindley 
(2006) indicate that adult green sturgeon drop back downstream after encountering RBDD to as 
far as the GCID diversion, a distance of 41 miles.  A large aggregation of adults has been 
observed holding through the summer in a 15-foot deep pool at GCID (Vogel 2008).  Acoustic 
tag studies from 2004-2006 showed an increase in sturgeon density in reaches below RBDD after 
the May 15 closure truncated upstream migration (Heublein 2006).   
 
In 2007, approximately 10-12 adult green sturgeon were observed killed (figure 6-5) before they 
could spawn by the RBDD gates due to an early gate closure (USFWS 2007).  Early gate 
closures before May 15 are allowed during extreme dry conditions when not enough water can 
be pumped from the Sacramento River into the Tehama-Colusa Canal.  Emergency closures have 
occurred twice in the last 10 years.  It is unknown how many adult green sturgeon are killed 
during normal operations.  However, the loss of 10 adult spawners represents a significant 
reduction in the only known spawning population in the Sacramento River (i.e., represents 10 
percent of the adults counted below RBDD in tagging studies).  Reclamation proposes to change 
the opening under the gates (figure 6-6) from 6 inches to 12 inches during all gate closures to 
allow downstream passage of adults that have passed above RBDD.  This change in the gate 
opening has not been evaluated and may eliminate the installation of the temporary fish ladder in 
the middle of RBDD, which would further reduce the ability of Chinook salmon and CV 
steelhead to pass RBDD with the gates in.  The CVP/SWP operations BA asserts that adult green 
sturgeon can pass through a 6- to 10-inch opening based on limited (i.e., 3 acoustically-tagged 
adults) data and undefined body depth.  However, experts in green sturgeon from U.C. Davis 
have stated that a 12-inch opening is not large enough to pass green sturgeon adults without 
injury.  Regardless of whether the opening is large enough to avoid impingement (since adults 
can reach a length of 5-6 feet they have to be perfectly lined up to pass through a 12-inch 
opening) the gates would still injure fish due to the turbulence after they pass through.  
Therefore, even though mortality may be reduced with the proposed 12-inch opening, NMFS 
anticipates some green sturgeon adults will be killed and/or injured in passing downstream while 
the RBDD gates are in operation from May through September. 
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Figure 6-5.  Adult female green sturgeon still with eggs, removed by divers after being found lodged under 
RBDD gate #6 on May 21, 2007 (USFWS 2007). 
 
Juvenile salmonids and green sturgeon that encounter the RBDD (figure 6-7) experience higher 
predation rates from predatory fish that wait below the dam for fish that are swept under the 
gates and through the fish screen bypass.  Vogel et al. (1988) have shown that predation may be 
as high as 50 percent for those juveniles that encounter the gates down (table 6-9).  However, a 
more recent study (Tucker 1998) has shown that since the RBDD gates have been operating to 
the current 4 months (May 15 –September 15) closure, fewer predatory fish are present at the 
gates when juvenile salmonids are migrating downstream (figures 6-7 and 6-8, table 6-10).  
Thus, although not quantified, the predation rates are believed to be less than 50 percent.  
Predation on juvenile salmonids is expected to be greatest when they encounter the gates in.  
Based on passage estimates of when juveniles are present at RBDD (USFWS 1997-2007 op cit. 
TCCA 2008), approximately 99 percent of green sturgeon, 39 percent of winter-run, 1 percent of 
spring-run, and 37 percent of CV steelhead would be exposed to higher concentrations of 
predators when the gates are in (figure 6-7, table 6-10).  These percentages represent only the 
proportion of the runs that spawn above RBDD and not the entire populations.  The presence of 
predators below RBDD is most abundant from April to July when large numbers of juvenile 
spring-run, steelhead, and green sturgeon are migrating downstream (figure 6-8).  
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RBDD Gate Openings May 17, 2007 after emergency 
closure
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Figure 6-6.  Red Bluff Diversion Dam gate position and size of openings after May 15 closure, data from 
Reclamation Daily Reservoir Operations Report May 2007.   Note gates #5, 6, and 7 where green sturgeon 
mortalities were reported by Reclamation (USFWS 2007) 
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Figure 6-7.  Juvenile run timing and exposure by month at Red Bluff Diversion Dam for winter-run, spring-
run, CV steelhead, and Southern DPS of green sturgeon based on USFWS trapping data (TCCA 2008). 
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Figure 2. Com bined M onthly Percent of Total Striped Bass and
Pikem innow  Catch/Unit Effort at RBDD (1994-1996)
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Figure 6-8.  Presence of predators at RBDD by month from 1994-1996 (TCCA 2008). 
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Table 6-9.  Estimated monthly hazard estimate used to assess predation in the E.A. Gobbler sub-routine of the 
Fishtastic! juvenile analysis model (Tucker 1998, Vogel et al. 1988). 

Month CPUE (% of yearly total) Scaled Predation Rate (%) Hazard Multiplier (0-1) 

Jan 2.82 5.88 0.94 
Feb 2.26 4.83 0.95 
Mar 2.82 5.88 0.94 
Apr 11.29 23.72 0.76 
May 26.19 55.00 0.45 
Jun 21.90 45.97 0.54 
Jul 12.75 26.87 0.73 

Aug 2.60 5.46 0.95 
Sept 6.55 13.85 0.86 
Oct 2.93 6.09 0.94 
Nov 2.26 4.83 0.95 
Dec 5.64 11.76 0.88 

 
Table 6-10.  Percent of juveniles exposed to RBDD gates closed condition (e.g., increased predation, 
disorientation, etc.). 

Species May (16-30) Jun Jul Aug Sep (1-15) Total 

Winter-run  0.0 0.0 1.3 11.8 26.3 39.4 
Spring-run 0.6 0.1 0.0 0.0 0.0 0.7 
Steelhead 6.2 4.4 3.7 12.3 10.0 36.6 
Green Sturgeon 0.5 37.1 50.1 11.1 0.0 98.8 

 
 “Operation of the gates at RBDD may not directly adversely affect populations of most of the 
resident species, but operations may seasonally limit their access into optimal habitats.  Rates of 
predation on juveniles of species such as rainbow trout and other native species near RBDD may 
be affected by the operations of the RBDD because of the congregation of adult pikeminnows 
and striped bass.  Except for juvenile rainbow trout, predation on juvenile resident native and 
non-native fish may be inconsequential, as these species are less-preferred prey.” (TCCA 2008) 
 
6.3.2  Shasta/Keswick Dam Water Releases 
 
6.3.2.1  Carryover Storage in Shasta Reservoir 
 
6.3.2.1.1  Deconstruct the Action 
 
Carryover storage in September will be significantly reduced in the long-term (-121 TAF) future 
compared to current operations (Study 8.0 vs 7.0, table 6-11).  The loss in carryover storage is 
due to less water diverted from the Trinity River (- 42 TAF in dry years), increased demand on 
the American River (800 TAF), and increased demand throughout the Central Valley.  The long-
term trend indicates that as water management changes in other CVP reservoirs and demand 
increases to 2030, the summertime releases from Keswick increase incrementally. 
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Table 6-11.  End of September storage differences for Shasta storage, Spring Creek Tunnel flow, and 
Keswick release for the long-term annual average and the 1928 to 1934 drought period (CVP/SWP operations 
BA table 10-3). 

Long term Annual Average 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Shasta End-of-September Storage 26 -121 -121 0 
Annual Keswick Release 1 8 6 -2 
Annual Spring Creek Powerplant 
Flows 3 -1 -2 -2 

 
29- 34 Difference 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Shasta End-of-September Storage -24 -258 -100 158 
Annual Keswick Release 59 -18 -92 -74 
Annual Spring Creek Powerplant 
Flows 45 -18 -42 -24 

 
Before the TCD was built, NMFS required that a 1.9 MAF end-of-September (EOS) minimum 
storage level be maintained to protect the cold water pool in Shasta Reservoir, in case the 
following year was critically dry (drought year insurance).  This was because a relationship 
exists between EOS storage and the cold water pool.  The greater the EOS storage level, 
typically the greater the cold water pool.  The requirement for 1.9 MAF EOS was a reasonable 
and prudent alternative (RPA) in NMFS’ winter-run opinion (NMFS 1992).  Since 1997, 
Reclamation has been able to control water temperatures in the upper Sacramento River through 
use of the TCD.  Therefore, NMFS changed the RPA to a target, and not a requirement, in the 
2004 CVP/SWP operations Opinion.   
 
Reclamation proposes continuation of the 90 percent exceedence forecast for determining water 
allocations early in the year, starting with the February 15 forecast.  However, Reclamation has 
proposed not to manage Shasta operations to a 1.9 MAF EOS target, although CALSIM assumes 
this target in all studies.  Given the increased demands for water by 2030 and less water being 
diverted from the Trinity River, it will be increasingly difficult to meet the various temperature 
compliance points, even with a TCD, especially since Reclamation is not proposing any EOS 
storage target.  Based on the historical 82-year period, CALSIM II results show that there will be 
about a 4 percent increase in the number of years that 1.9 MAF will not be met (figure 6-9).  
Overall, there is not much difference between model runs.  In about 10 percent of years 
(typically the driest water years) a 1.9 MAF EOS would not be met.  Additional modeled runs 
using higher carry over storage targets were provided to NMFS after the BA was completed (this 
run assumed conditions today with EWA or 7.0 Study).  These runs revealed that a higher target 
of 2.2 MAF EOS improved the probability of meeting the Balls Ferry temperature target about 
10 percent over the previous 1.9 MAF target (figure 6-10).  There was no difference in meeting 
the Bend Bridge temperature target.  At the higher carry over target Shasta Reservoir would have 
to be 75 percent full (volume > 3.6 MAF) by the end of April in each year.  This would mean 
that Shasta Reservoir would be kept higher through the winter months and be more likely to spill 
for flood control. 
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Figure 6-9.  Exceedance plot of Shasta 1.9 MAF target September storage in Shasta Reservoir.  Study 6.0 
represents 2004 operations, study 7.0 represents current operations, 7.1 represents near future operations, 
and study 8.0 represents future operations (CVP/SWP operations BA figure 11-37). 
 
Reclamation has not proposed any alternative EOS storage target, but instead relies on the TCD 
capabilities to maintain cold water throughout the summer spawning period.  Typically, by April 
15, the amount of cold water in Shasta Reservoir is determined by the amount of snowmelt and 
inflow into the reservoir.  Figure 6-9 shows that end of September storage would be reduced in 
the future compared to current operations in the drier 70 percent of years.  EOS storage would be 
below 1.9 MAF in about 10-12 percent of the years in the future (Studies 7.1 and Study 8.0).  
With climate change, the long-term average September storage levels will be reduced by 
approximately 800 TAF in Study 9.5 drier, more warming (CVP/SWP operations BA table 9-
23).  Model results indicate that climate change will reduce EOS storage to below 1.9 MAF in 
about 25 percent of the years in all but the wetter, less warming scenario (figure 6-11).  What this 
means for fish is a loss in the ability to control water temperatures, which will in turn result in 
greater egg and fry mortality for winter-run, spring-run, and fall-run in the future (see also 
temperature related effects of climate change in section 6.3.3.2, figure 6-20).   With climate 
change, coldwater storage at the end of April in Shasta Reservoir is reduced in the future for all 
water year types under all but the wettest scenario (Study 9.4) wetter, less warming (figure 6-12).  
Climate change will put additional stressors on the already limited coldwater pool.  The impact 
on winter-run and spring-run is greater mortality of eggs and pre-emergent fry in the spawning 
habitat.   
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Figure 6-10.  Draft exceedance plot of Shasta End of April Storage using selected End of September starting 
storages and operational assumptions (Supplemental data included with Reclamation’s October 1, 2008, 
transmittal letter). 
 
The minimum flows proposed in the CVP/SWP operations BA are 3,250 cfs from September to 
February and 2,300 cfs in a critically dry year (table 6-12).  Typically, flows are much higher 
than 3,250 cfs in the spring and summer (April through September) because releases are made to 
support temperature control, irrigation demand (releases average between 10,000 and 14,000 
cfs), and D-1641 requirements in the Delta (e.g., water quality standards, Delta outflow).   
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Figure 6-11.  Exceedance plot of Shasta 1.9 MAF target September storage in Shasta Reservoir.  Under future 
climate change scenarios (CVP/SWP operations BA, Appendix R, figure 37). 
 
6.3.2.1.2  Assess Species Exposure and Response to Carryover Storage 
 
Therefore, since b(2) water is not reasonably certain to be available, fall releases would most 
likely reduce fall-run spawning habitat and potentially dewater redds that were spawned at 
higher flows.  The worst-case scenario, which is a rapid reduction in flows from 7,000 cfs in 
September to 3,250 cfs in November without b(2) water to conserve storage, could also strand 
newly emerged spring-run fry (note: spring-run juveniles start showing up in the RBDD trap data 
in November).   
 
Flow studies using IFIM and PHABSIM have shown that winter-run salmon WUA peaked 
around 10,000 cfs when the ACID gates are in (usually from April to November), and 4,000 - 
5,000 cfs with the gates out.  Therefore, proposed and modeled releases provide suitable flows 
for winter-run spawning and rearing.  In-stream flow objectives from October 1 to April 15 
(April 15 is the start of temperature control for winter-run) are usually selected to minimize 
dewatering of redds and provide suitable habitat for salmonid spawning, incubation, rearing, and 
migration.  These flows are generally suitable for spring-run, except in the worst-case scenario 
mentioned above for dry years when conserving storage drives the flows to minimums in the fall.  
The impact flows have on water temperatures will be discussed in section 6.3.3.2. 
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Figure 6-12.  Shasta Lake coldwater pool volume at end of April with climate change scenarios.   All studies 
except 9.0 include 1 foot sea level rise.  Study 9.0 is future conditions with D-1641. (CVP/SWP operations BA 
figure 11-83). 
 
Further downstream, Reclamation proposes to continue managing Sacramento River flows to the 
discontinued Wilkins Slough Navigation Requirement at Chico Landing (RM 118) in all but the 
most critical water supply conditions.  Historically, a minimum flow of 5,000 cfs was required to 
support commercial boat traffic.  However, the Corps has not dredged this reach to maintain 
channel depth since 1972.  The flow requirement is now used to support long-time water 
diversions that have set their intake pumps just below this level.  Diverters are able to operate for 
extended periods at flows as low as 4,000 cfs and for short periods at 3,500 cfs.  Releases are 
made to meet the Wilkins Slough requirement in the spring and fall that impact the carryover 
storage and cold water pool in Shasta.  Operating to flows less than 5,000 cfs would conserve 
storage in Shasta Reservoir in critically dry years.    
 
Table 6-12.  Proposed minimum flow requirements and objectives (cfs) on the Sacramento River below 
Keswick Dam (project description table 5). 

Water year type MOA WR 90-5 
MOA and 
WR 90-5 

Proposed Flow 
Objectives below 

Keswick 

Period Normal Normal Critically dry All 

January 1 - February 28(29) 2600 3250 2000 3250 

March 1 - March 31 2300 2300 2300 3250 

April 1 - April 30 2300 2300 2300 ---* 

May 1 - August 31 2300 2300 2300 ---* 
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September 1 - September 30 3900 3250 2800 ---* 

October 1 - November 30 3900 3250 2800 3250 

December 1 - December 31 2600 3250 2000 3250 
* No regulation.  NMFS assumes that D-1641 standards, temperature control, and water allocations would result in 

higher flows. 
 
In addition, Reclamation proposed to meet Delta water quality and flow standards contained in 
D-1641 with releases from Shasta Dam.  Delta outflow and salinity requirements both require 
significant volumes of water to be released from upstream reservoirs.  These releases are 
coordinated with releases from Oroville Dam and Folsom Dam, but the majority of flow usually 
comes from Shasta Dam.  In accordance with the COA between the CVP and the SWP, 
Reclamation provides 75 percent of the required flows into the Delta and the SWP provides 25 
percent.  At times during critical years and after extremely wet months, the Delta standards can 
have significant upstream effects on water temperature control.  The effect of the SWRCB Delta 
standards on upstream ESA-listed fish species was never analyzed during the 1995 Delta Accord, 
and has since become a greater problem as additional species have been listed (i.e. spring-run, 
CV steelhead, and long-fin smelt).  For example, Delta outflow and salinity standards required in 
D-1641 are met with reservoir releases in dry springs when natural runoff cannot support the 
standards.  These releases can account for a significant portion of storage that influences the total 
cold water volume available for release later in the summer. 
 
6.3.2.2  Water Temperatures in the Sacramento River 
 
6.3.2.2.1  Deconstruct the Action 
 
A TCD has been in operation at Shasta Dam since 1998.  TCD operations are capable of 
maintaining 56°F water downstream to Balls Ferry Bridge in most years through the summer 
spawning period for winter-run (table 6-13).  The State Water Resources Control Board Water 
Rights Order 90-5 requires temperature control for winter-run salmon downstream to the RBDD, 
“to the extent controllable.”  The ability to control water temperatures depends on a number of 
factors and usually ends in October when the cold water in Shasta Reservoir is used up.  The 
general factors that influence water temperature management are:  (1) the volume of cold water 
available by April 15; (2) TCD operational flexibility; (3) mixing of Shasta releases with flows 
from Spring Creek Power Plant in Keswick Reservoir (i.e., Trinity River diversions); and (4) 
designation of the temperature compliance location.  As explained above, NMFS has already 
analyzed Spring Creek Power Plant and Shasta carryover storage and expects the capability of 
both to be limited by Trinity River operations, increased future demands for water, and climate 
change.  Real time experience operating the TCD has found that it is most efficient within 
normal lake levels.  However, in wet years, warm surface water over tops the TCD, and in very 
dry years, leakage allows warmer water to mix with the cold water at the bottom.  In 2008 (a 
critically dry year) a test of the lower river outlets for temperature control concluded that they 
were ineffective at providing temperature benefits (Manza 2008).  In addition, a warm water 
bypass conducted in the spring of 2008 to conserve cold water provided less than one degree of 
temperature benefit (Fugitani 2008). 
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Table 6-13.  Temperature targets from the 2004 CVP/SWP operations Opinion used as evaluation criteria. 
Temperature targets are mean daily degrees F.  Target points in the Sacramento and American River are 
determined yearly with input from the SRTTG and American River Operations Group. 

River
Target Species and 

Lifestage
Temperature 
Target Point

Miles Below 
Dam Date

Temperature 
Target Comment

Sacramento Winter run egg incubation Balls Ferry 26 4/15 - 9/30 56
Location depends on 
coldwater availability

Winter run egg incubation Bend Bridge 44 4/15 - 9/30 56
Location depends on 
coldwater availability

Spring run and winter run Balls Ferry 26 10/1 - 10/31 60
Location depends on 
coldwater availability

Spring run and winter run Bend Bridge 44 10/1 - 10/31 60
Location depends on 
coldwater availability

Clear Creek
Spring run prespawn and 
steelhead rearing Igo 7.5 6/1 - 9/15 60
Spring run spawning and 
steelhead rearing Igo 7.5 9/15 - 10/31 56

Feather River steelhead rearing
Robinson's 
Riffle 6 6/1 - 9/30 65

American River steelhead rearing Watt Avenue 13.4 plan May 1 68
Target based on yearly 
plan

Stanislaus River steelhead rearing
Orange 
Blossom 12 6/1 - 11/30 65  

 
6.3.2.2.2  Assess Species Exposure and Response to Water Temperatures 
 
Table 6-14 shows the relationship between water temperature and mortality of Chinook salmon 
eggs and pre-emergent fry compiled from a variety of studies.  This is the relationship used for 
comparing egg mortality between scenarios.  USFWS (1998) conducted studies to determine 
winter-run and fall-run early life temperature tolerances.  It found that higher alevin mortality 
can be expected for winter-run between 56°F and 58°F.  Mortality at 56°F was low and similar to 
fall-run mortality at 50°F.  The relationships between egg and pre-emergent fry mortality and 
water temperature determined by USFWS (1998) were about the same as that used by 
Reclamation in the salmon mortality model.   
 
For purposes of this analysis, NMFS used the Balls Ferry temperature compliance point to 
evaluate effects, since most winter-run (98 percent) spawning distribution has shifted upstream 
of this point in recent years (CVP/SWP operations BA figure 11-38).  Water temperatures 
exceed the 56oF objective at Balls Ferry in 50 percent of years in September and 10 percent of 
years from May through June under future conditions (Study 8.0, figure 6-13).  Using the 
incremental exposure rates in table 6-14 and the modeled temperatures in figure 6-13, the loss 
rates for winter-run would be 8 percent egg mortality for those eggs exposed to 57oF in 50 
percent of the years, 15 percent egg mortality for those eggs exposed to 58oF in 25 percent of 
years, 25-50 percent egg mortality for those eggs exposed to 59-60oF, in 10 percent of years, and 
50-100 percent egg mortality for those eggs exposed to 60-62oF in 5 percent of years.  In 
addition, exposure of newly hatched fry to lethal thermal stress would occur from 5-25 percent of 
years during August and September under future conditions.  These conditions do not include the 
future baseline projected temperature increases resulting from climate change.  
 
Table 6-14.  Relationship between water temperature and mortality of Chinook salmon eggs and pre-
emergent fry used in the Reclamation egg mortality model (CVP/SWP operations BA table 6-2). 
Water Temperature 

(ΕF)a Egg Mortalityb 
Instantaneous Daily 
Mortality Rate (%) 

Pre-Emergent Fry 
Mortalityb 

Instantaneous Daily 
Mortality Rate (%)

 256



Water Temperature 
(ΕF)a Egg Mortalityb 

Instantaneous Daily 
Mortality Rate (%) 

Pre-Emergent Fry 
Mortalityb 

Instantaneous Daily 
Mortality Rate (%)

41-56 Thermal optimum 0 Thermal optimum 0 
57 8% @ 24d 0.35 Thermal optimum 0 
58 15% @ 22d 0.74 Thermal optimum 0 
59 25% @ 20d 1.40 10% @ 14d 0.75 
60 50% @ 12d 5.80 25% @ 14d 2.05 
61 80% @ 15d 10.70 50% @ 14d 4.95 
62 100% @12d 38.40 75% @ 14d 9.90 
63 100% @11d 41.90 100% @ 14d 32.89 
64 100% @ 7d 65.80 100% @10dc 46.05 

a This mortality schedule was compiled from a variety of studies each using different levels of precision in temperature 
measurement, the lowest of which was whole degrees Fahrenheit (+0.5oF). Therefore, the level of precision for temperature 
inputs to this model is limited to whole degrees Fahrenheit. 

b These mortality schedules were developed by the USFWS and CDFG for use in evaluation of Shasta Dam temperature 
control alternatives in June 1990 (Richardson et al. 1990) 

c This value was estimated similarly to the preceding values but was not included in the biological assumptions for Shasta 
outflow temperature control FES (Reclamation 1991b). 

 
This temperature analysis (table 6-15) shows for all four CALSIM II Studies that water 
temperature control is problematic from May through October, with the most significant (over 
half of the 82 years modeled) exceedance occurring in September when Shasta Reservoir runs 
out of cold water.  At that point, temperature control is reliant on ambient air temperatures and 
shorter days to cool down the river.  Cold water availability is a significant factor in 15 to 20 
percent of the Keswick release cases by September, and 20 to 30 percent of cases by late 
October. 
 
There is a great deal of uncertainty in the temperature model results used for the Sacramento 
River.  The above CALSIM II monthly model is disaggregated into a weekly time step (a sizable 
improvement since 2004), but it is unable to show the actual operational strategies used when 
adaptively managing temperature objectives.  In addition, there is uncertainty in the performance 
of the TCD on Shasta Dam.  Due to hydraulic characteristics of the TCD such as leakage, 
overflow, and performance of the side intakes, the typical modeled releases are cooler than what 
can be achieved, therefore, Reclamation has modeled a more conservative approach than what it 
can realistically operate to. 
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Figure 6-13.  Water temperature exceedence at Balls Ferry under Study 8.0 from CALSIM and weekly 
temperature modeling results (CVP/SWP operations BA figure 11-35).  For this analysis, the bold black line 
indicates the 56°F temperature compliance line. 
  
Table 6-15.  Balls Ferry water temperature exceedance by month from SRWQCM. 
Month Temperature 

(F) 
Probability of 

Exceedance (%) 
CALSIM Study 

April 15 56  6.0, 7.0, 7.1, 8.0 
May 56 5 6.0, 7.0, 7.1, 8.0 
June 56 8 6.0, 7.0, 7.1, 8.0 
July  56 11 6.0, 7.0, 7.1, 8.0 
August 56 30 6.0, 7.0, 7.1, 8.0 
September 15 56 40 6.0, 7.0 (base) 
September 15 56 55 7.1, 8.0 (future) 
October 60 4 6.0, 7.0, 7.1, 8.0 

 
Reclamation’s salmon mortality model shows the average percent mortality of eggs and pre-
emergent fry while in the gravel for all years modeled (1922-2003).  In comparison to the above 
temperature exposure analysis, Reclamation’s model shows far less mortality due to water 
temperatures in all years.  When comparing 2008 results at Balls Ferry with the same analysis 
performed in 2004, the 2008 results show approximately 5 percent less mortality on average, and 
in critical years, 30 percent less mortality (figure 6-14 compared to figure 6-15).  This difference 
in mortality results is due to improvements in the SRWQM, which is the main driver for the 
mortality model.  The temperature model disaggregates the monthly results into a weekly time-
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step.  Therefore, the more realistic time-step should make the mortality model results more 
accurate.  In most years, average mortality is now predicted to be 1-2 percent due to water 
temperature effects.  During critically dry years, mortality under near future operations (study 
7.1) is about 15 percent, while under future operations (study 8.0), mortality is about 10 percent 
(figure 6-14).  The critically dry years represent 15 percent of the years modeled. 
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Figure 6-14.  2008 Winter run average egg mortality by water year type at Balls Ferry.  Study 6.0 represents 
2004 operations, study 7.0 represents current operations, 7.1 represents near future operations, and 8.0 
represents future operations (CVP/SWP operations BA figure 11-39). 
 
Water temperatures at Bend Bridge would be unsuitable for spawning and incubation (exceed 
56oF) in 80 percent of the years in August and September.  Bend Bridge is used as the most 
downstream temperature compliance point.  Therefore, it is unlikely that through the adaptive 
management process the compliance point would move downstream of Balls Ferry except in 
extremely wet year types.  The constriction of the available habitat for winter-run and spring-run 
only in an upstream direction as water temperatures increase may limit these fish from expanding 
their population size.  Spring-run show a similar pattern of egg mortality, based on 
Reclamation’s egg mortality model (figure 6-16).  However, their egg mortality rates are just 
slightly less than twice that of winter-run, likely owing to the fact that they spawn later in the 
year, and Shasta Reservoir runs out of cold water for temperature control. 
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Sacramento River Winter Run Chinook Mortality by Year 
Type, Balls Ferry Target
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Figure 6-15.  2004 winter-run average egg mortality by water year type at Balls Ferry temperature target, 
with 5 model runs represented (CVP/SWP operations BA). 
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Figure 6-16.  Spring-run egg mortality from Reclamation egg mortality model by water year type. Study 6.0 
represents 2004 operations, study 7.0 represents current operations, 7.1 represents near future operations, 
and 8.0 represents future operations (CVP/SWP operations BA figure 11-41). 
 
 
Juvenile winter-run typically leave the upper Sacramento River (Keswick Dam to RBDD) 
between September and October (figure 6-17), when they are beyond the reach of temperature 
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control.  Temperature control is usually not necessary after October 30, as ambient air 
temperatures cool the river. 
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  Figure 1.  Weekly estimated passage of juvenile winter Chinook salmon at Red Bluff Diversion Dam (RK391), by 
brood-year (BY).  Fish were sampled using rotary-screw traps for the period July 1, 1995 through June 2000 and 
July 1, 2002 to present.
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Figure 6-17.  Juvenile winter-run passage at Red Bluff Diversion Dam 1995 through 2008 (USFWS BDAT 
2008). 
 
CV steelhead mortality was not estimated using Reclamation’s Mortality Model, but using late 
fall-run as a surrogate (since they spawn at the same time of year), the water temperature effects 
would be minimal.  Late fall-run show on average a 4 percent increase in egg and fry mortality 
from temperature increases.  With climate change, mortality of CV steelhead on the mainstem 
Sacramento River would increase 2-3 percent.  Therefore, temperature related mortality is not 
considered a significant stressor because it would not occur every year.  However, the lack of 
suitable habitat (i.e., small gravel, small side channels, access to higher elevation tributaries) 
limits reproductive success, and the current coldwater management encourages the expression of 
only one life history pattern (residency). 
 
In almost all years since the TCD has been installed, the TCP has been moved upstream by the 
SRTTG in response to one of the 4 factors above to protect winter-run eggs and fry (figure 6-18).  
Multiple day exceedences have become the norm and can be expected to continue under future 
operations.  The SRTTG is responsible for adaptively managing the compliance point based on 
real-time data (i.e., Shasta Reservoir temperature profiles, aerial redd counts, carcass surveys, 
and predictive temperature model runs).  The SRTTG priorities are to provide enough cold water 
through the summer to protect:  (1) winter-run spawning (April 15 - September 30), (2) spring-
run spawning (September - October), and (3) fall-run spawning (October – November).  This 
adaptive management process works well for protecting winter-run, but typically creates 
tradeoffs when considering how much cold water is left for spring-run and fall-run.   
 
Water temperatures at Colusa are 64-66°F in both wet and dry years in September (figure 6-19) 
when the peak of the juvenile winter-run are emigrating downstream.  The preferred optimum 
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water temperature for juvenile rearing is 53-57°F, and water temperatures less than 64°F are 
required for smoltification (CVP/SWP operations BA table 6-1).  Therefore, for roughly half of 
their juvenile emigration (Colusa to the Delta), winter-run are exposed to sub-lethal temperature 
effects and greater predation due to nonindigenous (Sanderson et al. 2009).  Once they reach the 
Delta, tidally-influenced flows cool the water temperatures to the range a juvenile can begin the 
process of smolting (64°F) by November (CVP/SWP operations BA figure 6-6).  Past studies 
using CWT (such as CVPIA, Delta Action 8 Studies) showed poor survival rates for hatchery 
released fall-run and late-run juveniles from the upper Sacramento River (Battle Creek) to 
Chipps Island (Brandes and McLain 2001, USFWS 2003 and 2006, Newman 2008).  Delta 
Action 8 studies, Newman 2008).  Recent studies using acoustic tags on hatchery late-fall and 
CV steelhead showed both species had average survival rates of only 10 percent to the Delta, and 
1-2 percent to the Golden Gate Bridge (MacFarlane 2008).  These low survival rates indicate 
rearing habitat has been degraded by a whole suite of stressors such as; increased concentration 
of introduced warm-water predators, unscreened diversions, sublethal water temperatures, 
contaminants, agricultural return water, wastewater treatment plant discharges, shortened 
emigration timing, and smaller size.   
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Upper Sacramento River Temperature Control History

Water Year

Oct. 1 
Shasta 
Storage 
(TAF)

April 30 
Shasta 
Storage 
(TAF)

Starting 
Compliance 

Point Month Action

Change in 
Compliance 

Point
1987-1996 Use of low-level outlets, power costs

1992 CVPIA passed, construct TCD
1993 1683 4263 Bend Bridge
1994 3102 3534 Jelly's Ferry
1995 2102 4165 Bend Bridge July Conserve cold water Jelly's Ferry
1996 3136 4308 Bend Bridge April Exceed 56 oF 4/26

May Exceed 56 oF 5/27
July Conserve cold water Jelly's Ferry
August Conserve cold water Ball's Ferry
Sept Transition to stable min flow Clear Creek

for fall-run salmon by Oct 15
1997* 3089 3937 Bend Bridge May Exceed 56 oF at Bend 3 days

July Exceed 56 oF at Bend 4 days
*First year that TCD was used Conserve cold water Jelly's Ferry

Sept Exceed 56 oF at Jelly's 8/29
to 9/13

Oct Exceed 56 oF at Jelly's 9/20-9/30
1998 2308 4061 Bend Bridge June Exceed 56 oF at Bend 3 days

June Exceed 56 oF at Bend 4 days
Sept temp exceed 56 since Sep 12 Jelly's Ferry

1999 3441 4256 Bend Bridge August Exceed 56 oF at Bend 4 days
2000 3327 4153 Bend Bridge June Exceed 56 oF at Bend 3 days

July Conserve cold water Jelly's Ferry
August Conserve cold water Ball's Ferry
Oct Exceed 56 oF at Balls 3 days

2001 2985 4020 Jelly's Ferry July Exceed 56.5 oF at Jelly's 2 days
August Exceed 56 oF at Jelly's 8/28/2001

to 9/1/2001 and 9/152001 to 
Sept 9/30/2001

2002 2200 4297 Jellys' Ferry May Exceed 56 oF at Jelly's 5/18/2003
2003 2558 4537 Bend Bridge May Exceed 56 oF at Bend 5/14/2003

Aug. 6 Jellys Ferry
Aug. 8 Balls Ferry
Aug. 28 Conserve cold water

2004 3159 4060 Bend Bridge May  7. Exceed 56 oF at Bend Jellys Ferry
May 27. Balls Ferry

2005 2183 4207 Balls Ferry May 8. Jellys Ferry
Aug. 5 Balls Ferry

2006 3035 4057 Balls Ferry May 1. Bend Bridge
2007 3205 3901 Balls Ferry May 7. Jellys Ferry

June 8. Balls Ferry
2008 1879 3066 Balls Ferry Apr.15 Conserve cold water Jellys Ferry

Airport Road May 8. Exceed 56 oF at Bend 3 days Airport Road
(below Clear Creek)

Key:
Above Normal & Wet
Below Normal & Dry
Critical  
Figure 6-18.  Historical exceedances and temperature control point locations in the upper Sacramento River 
from 1992 through 2008. 
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Figure 6-19.  Sacramento River mean daily temperature and flow at selected locations in a dry water year, 
actual measured temperatures in 2001 (CVP/SWP operations BA figure 11-1). 
 
6.3.2.2.2.1  Green Sturgeon 
 
Based on table 6-16, water temperatures are unsuitable for green sturgeon spawning and rearing 
downstream of Hamilton City, which is also the location of the GCID diversion.  Recent studies 
by Vogel (2008) indicated that large aggregations of adult green sturgeon have been observed 
congregating near Hamilton City. 
 
Table 6-16.  Temperature norms for green sturgeon life stages in the Central Valley (Mayfield and Cech 2004, 
NMFS 2006). 

General Life Stage Suitable Tolerablea Lethal 
adult immigration 52 to 59oF 61 to 66oF 80oF 

spawning & incubation 46 to 57oF 57 to 65oF 72oF 
rearing 59 to 61oF 61 to 65oF 72oF 

Juvenile emigration 60 to 65oF  65 to 69oF 77oF 
  aSublethal effects occur in this temperature range 
 
Adult green sturgeon blocked by RBDD are known to drop back downstream and hold in large 
pools below at the confluence of Deer and Mill creeks (Heublein et al. 2009).  It is unknown how 
far downstream spawning occurs, but the conditions at Hamilton City are most likely suboptimal 
for developing eggs, larval, and rearing juveniles from March through September (figure 6-19).  
Water temperatures are tolerable for adults that may hold after spawning between RBDD and 
GCID. 
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6.3.3  Losses from Screened and Unscreened Diversions on the Sacramento River 
 
Listed juvenile salmonids and green sturgeon are entrained in both screened and unscreened 
diversions on the Sacramento River.  The loss is greatest in the upstream areas close to the 
spawning habitat where life stages are the smallest.  The entrainment rate for screened diversions 
is small (< 1 percent) based on monitoring at RBDD.  There are approximately 68 screened 
diversions in the Sacramento River (Calfish database).  NMFS assumes if fish screens are 
meeting current screening criteria they are 95 percent effective, or that it is likely that 5 percent 
of the fish that come in contact with the fish screen could be killed through repeated contact with 
the screen, impingement, or contact with the cleaning mechanism.  Actual mortality to screens is 
probably much less, as measured at the RBDD Pilot Pumping Plant (Borthwick and Corwin 2001 
op.cit. CVP/SWP operations BA) and are more likely to represent less than one percent of the 
fish that come in contact with the screen (table 6-17).  If the mortality from all screened 
diversions in the Sacramento River were summed it would be an insignificant amount when 
compared at the population level.  Reclamation, as part of its mitigation responsibility under 
CVPIA section 3406(b)(21), funds the AFSP.  The AFSP has screened most of the larger 
diversions in the Sacramento River.  However, a few remain to have screens completed. 
 
Estimates of the mortality at unscreened diversions in the Sacramento River (i.e., 792 unscreened 
diversions listed in the Calfish data base and AFSP annual work plan 2009) are small, but when 
taken together, the cumulative impact is likely to reach the level where they would impact ESA 
species at the population level (table 6-17).  The AFSP has screened most of the diversions larger 
than 250 cfs, and is now focusing on monitoring the losses occurring at smaller unscreened 
diversion to guide future fish screen projects.  On the Sacramento River, losses of juvenile 
salmon are likely to continue at the following large diversions that are unscreened;  Natomas 
Mutual, Reclamation District 2035, Meridian Farms, and Pleasant Grove-Verona.  
 
Table 6-17.  Estimated annual entrainment at water diversions based on size (volume of water diverted) and 
fish monitoring data (RBDD pumping plant) summarized from CVP/SWP operations BA tables 11-12 
through 11-16). 

Number of juvenile 
fish entrained 

Screened 
Diversions*(ACID, 

TCCA, GCID) 

123 unscreened 
Diversions 

(Project water 
only) 

Percentage of 
juvenile population 

impacted by 
unscreened 

diversions** 
Winter-run  50 7,440 0.37 
Spring-run 5 537 0.0537 
Fall-run/late fall-run 126 18,775 0.00653 
CV steelhead 2 393 0.00677 
Green sturgeon unknown 199 unknown 

* screened diversion calculated from 11 year average mortality observed at TCCA times number of screens in upper 
Sacramento River (3 largest). 

** number of juveniles entrained at unscreened diversion/JPI average from 1994-1999 May through October 
passage at RBDD (Gaines and Martin 2002 op. cit. CVP.SWP operations BA). 

 
Juvenile salmonids are more vulnerable to unscreened diversions than adults due to their size and 
behavior (i.e., moving downstream with the flow).  Unscreened diversions in the upper 
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Sacramento River are more likely to kill juvenile salmonids and green sturgeon due to their close 
proximity to spawning areas where newly hatched fry and larvae have weak swimming abilities.  
For green sturgeon, newly hatched larvae are subject to impingement on screened diversion, if 
they are located near areas where adults are spawning.  Mefford and Sutphin (2009) have shown 
that for pallid sturgeon, which are smaller in size than green sturgeon, larvae in the 25-60 mm 
range became impinged on fish screens built to salmonid criteria.  Juvenile green sturgeon that 
pass RBDD are typically within that range, therefore,  likely some are likely loss to screened 
diversions at and above RBDD.  Juvenile green sturgeon are also more likely to be impinged on 
fish screens because of the location of the intake near the bottom or in deep water. 
 
6.3.4  Sacramento River Water Reliability Project (SRWRP) 
 
The project description in the October 1, 2008, final CVP/SWP operations BA included the 
construction of a new water diversion intake structure, fish screen, water treatment plant and 
support facilities with a 365 cfs capacity in the Sacramento River at RM 74.6 (north of Elverta 
Road between the confluences of American and Feather River).  However, as discussed in 
section 3.1 of this Opinion, in January 2009, Reclamation transmitted to NMFS an edited form of 
the CVP/SWP operations project description (Appendix 1 to this Opinion) that is consistent with 
that of the USFWS’ Delta smelt biological opinion (USFWS 2008a).  That project description 
did not contain the SRWRP, however, it did not remove the water associated from the SRWRP 
from the modeling.   
 
Impacts considered under the CVP/SWP operations consultation from the SRWRP include 
impacts to aquatic species throughout the CVP and SWP due to the increase in the total amount 
of water being diverted from the Sacramento and American rivers relative to existing conditions.  
Although this project is not ready to be constructed, NMFS assumes, for modeling purposes, that 
there will be a decrease in the amount of water available on the Sacramento River from this 
project.   
 
NMFS considers any further withdrawals of water from the Sacramento River will negatively 
impact the amount of freshwater that enters the Delta and the availability of cold water in Shasta 
Reservoir since this project shifts water demands from the American River to the Sacramento 
River.  Such a shift creates tradeoffs between ESA-listed species (i.e., steelhead on the American 
River v. winter-run and spring-run on the Sacramento River).  When the project design is 
completed and Reclamation requests consultation on the SRWRP, the operational impacts to 
both upstream and Delta areas must be included, in addition to the construction-related impacts. 
 
6.3.5  Climate Change 
 
As discussed in sections 2.3.3 and 5.1, climate change is an environmental phenomenon that is 
part of the future baseline and would occur irrespective of any operations of the CVP or SWP.  
Although parts of section 6.3.2, above, discusses the climate change stressor on water storage at 
Shasta Reservoir, water temperature management in the Sacramento River, and mortality of early 
life stages of anadromous species, this section focuses on the effect of climate change on the 
larger ecosystem, and as modeled by Reclamation in study suite 9. 
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The impact of climate change in the future introduces greater uncertainty into the way in which 
water is managed in California.  The historic hydrologic pattern represented by CALSIM II 
modeling in CVP/SWP operations (past 82 years of record) can no longer be solely relied upon 
to forecast the future.  Precipitation and runoff patterns are changing, creating increased 
uncertainty for ecosystem functions.  The average snowpack in the Sierra Nevada decreased by 
10 percent in the last century, which translates into a loss of 1.5 MAF of snowpack storage 
(DWR 2008).  California’s air temperature has already increased by 1oF, mostly at night in 
winter, with the higher elevations experiencing the highest increase.  A corresponding increase in 
water temperature is likely to reduce the available habitat for species that depend on cold water 
like spring-run that require over summer holding pools.  Increasing water temperatures will also 
accelerate biological processes that impact anadromous fish like increased algae growth and 
decreased dissolved oxygen.  Climate change will affect the entire life cycle of salmonids and 
sturgeon through warmer ocean periods, changes in age and size at maturity, decline in prespawn 
survival and fertility due to higher stream temperatures, and a loss of lower elevation habitat 
(Crozier et al. 2008). 
 
In the Sacramento River, comparing climate change scenarios (Study 9.0 base vs Study 9.5 drier, 
more warming) shows that average winter-run and fall-run mortality increases from 15 percent to 
25 percent, and average spring-run mortality increases from 20 percent to 55 percent (figure 6-
20).  Reclamation’s mortality model was not run for CV steelhead because steelhead have a 
shorter incubation period than salmon, and the model would have to be changed.  However, late-
fall salmon can be used as a surrogate for CV steelhead since they spawn at similar times in the 
winter.  Late fall-run mortality increases in Study 9.5 (drier, more warming) and Study 9.3 
(wetter, more warming) under all water year types on average 4 percent over the future full build 
out scenario (Study 9.0).  EOS carryover storage at Shasta is less than 1.9 MAF during average 
dry years (1928 to 1934) in all scenarios except Study 9.2 wetter, less warming (CVP/SWP 
operations BA table 9-23).  Under these conditions, winter-run and spring-run would experience 
a loss of spawning habitat, as water temperatures below dams becomes harder to control and the 
cold water pool in Shasta diminishes.   
 
CV steelhead would experience less of a loss on the mainstem Sacramento River, since they 
spawn in the late winter when water temperatures are not as critical to incubation.  However, 
resident forms of O. mykiss spawn in May, when water temperatures exceed 56oF at Bend Bridge 
in 25 percent of future water years (CVP/SWP operations BA figure 10-83).  This resident life 
history pattern represents a reserve that anadromous fish can interbreed with if there are too few 
CV steelhead (Zimmermen et al. 2008).  It is likely that given warmer water temperatures 
resident O. mykiss would move upstream closer to Keswick Dam where temperatures are cooler, 
or into smaller tributaries like Clear Creek.   
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Figure 6-20.  Sacramento River average Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.   All studies except 9.0 include 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (CVP/SWP operations BA figure 11-82). 
 
Water temperatures in the Sacramento River at Balls Ferry increase under all climate change 
scenarios except for Study 9.2 (wetter, less warming).  Temperatures exceed the 56 oF objective 
at Balls Ferry in July, August, September, and October.  The highest water temperatures 
approach 60oF in September in Study 9.5 (drier, more warming), which is when spring-run 
salmon begin spawning.  The climate change scenarios do not incorporate day-to-day adaptive 
management decisions of the SRTTG.  Given the current prioritization of using cold water first 
for winter-run salmon during the summer, it would be logical to assume that spring-run and fall-
run would experience greater impacts than those modeled. 
 
Similar climate change modeling was conducted using a quantitative model (WEAP21) of the 
Sacramento River flow and temperature regime downstream to Hamilton City (Yates et al. 
2008).  This model compared water temperatures at Shasta Dam with and without managed 
releases for temperature control.  In the unmanaged regime, the model assumes that Shasta Dam 
does not exist and that there is no irrigation demand.  Using the observed historical record for 
years before the TCD was installed, Yates et al. (2008) used the WEAP21 model to calculate 
effects on winter-run, spring-run, and fall-run under a 3.5o F and 7oF water temperature warming 
change. Under a 3.5oF warming scenario, water temperatures at Keswick would be at or below 
the optimum upper temperature of 56oF for spawning and rearing, and then increase from that 
point downstream, except in the driest years.  Under a 7oF warming scenario, even in wet years, 
spawning and rearing water temperature requirements would be exceeded in September and 
October from Keswick Dam to Hamilton City (Yates et al. 2008).  The results of the WEAP21 
modeling suggest that even with the use of the TCD on Shasta Dam, water managers will be 
challenged to maintain suitable water temperatures in the upper Sacramento River (i.e., Keswick 
to Hamilton City).  Yates et al. (2008) concluded that cold water releases from Shasta Reservoir 
play a role in maintaining suitable habitat for spawning and rearing Chinook salmon as far 
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downstream as Hamilton City, and that climate change could be a major determinant of the 
future viability of adult and juvenile reproduction and migration strategies.  Winter-run and 
spring-run were shown to be most at risk due to the timing of their reproduction.  Without the 
cold water releases from Shasta Dam, water temperatures would exceed the physiological 
tolerances by 5oF or more, and winter-run and spring-run populations would not likely persist in 
the mainstem.  The study also found that the availability of cold water releases is reduced as 
warming increases the demand for water and evaporative losses in Shasta Reservoir. 
 
6.3.6  Assess the Risk to the Individuals 
 
Based on the effects of the proposed action on winter-run, spring-run, CV steelhead and the 
Southern DPS of green sturgeon in the mainstem Sacramento River, as described above, fitness 
consequences to individuals include loss of genetic integrity and expression of life history, 
reduced reproductive success during spawning, reduced survival during embryo incubation, 
reduced survival and growth during juvenile rearing, and reduced survival and growth during 
smolt emigration (see tables 6-4 through 6-7). 
 
6.3.7  Population Response to Project Effects Using SALMOD Modeling Winter-Run, 
Spring-Run, and CV Steelhead in the Upper Sacramento River 
 
SALMOD modeling was used only on the Sacramento River to simulate population level 
responses to habitat changes caused by project operations.  The study area extended from 
Keswick Dam downstream to the point at which the RBDD inundates riverine habitat upstream 
(53 miles).  The pool backed up by RBDD has not been modeled for habitat value.  The study 
area includes winter-run, spring-run, steelhead and green sturgeon spawning and rearing habitat.  
SALMOD uses PHABSIM and RIVER2D modeling to analyze habitat that has been classified 
according to mesohabitat type (i.e. pool, riffle, run).  Unlike Northcoast streams, most Central 
Valley rivers and streams have not been habitat typed, limiting the use of SALMOD to just the 
upper Sacramento River.  SALMOD functions to integrate microhabitat and mesohabitat 
limitations to a fish population through time and space.  It is a spatially explicit model, which 
means the model tracks a population as it grows from one life stage to another.  SALMOD uses a 
weekly time step derived from CALSIM monthly averages and HEC-5Q models.  The SALMOD 
model is capable of processing spawning losses due to redd superimposition, redd scouring, 
dewatering, mortality due to water temperature, and seasonally induced changes in habitat.  
Habitat quality is categorized by channel structure, hydraulic geometry, and fish cover using 
changes in response to discharge.  Habitat area is quantified using WUA described previously for 
PHABSIM and RIVER2D.  Tributary production was also added to the upper Sacramento River 
as fry and juveniles.  The SALMOD model takes density dependence into account down to Red 
Bluff, but the mortality model and delta survival make no adjustments for density dependence.  
Since density dependence is overlooked in the rivers (other than the Sacramento) and in the 
Delta the estimates of survival are lower than what would occur with compensatory mortality, 
where it occurs. 
 
Uncertainty in the model comes from input values.  Input variables include weekly average 
streamflow derived from monthly average CALSIM model results.  Water temperature values 
are derived from the SRWQM daily results, which are disaggregated from monthly averages.  
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Numbers and distribution of fish were based on average escapement from 1999 to 2006 and may 
not accurately represent current populations.  SALMOD is designed to represent population 
means based on large numbers.  When populations are low (which they are now), they are more 
sensitive to individual variability and environmental stochasticity.  SALMOD is not designed to 
address small population characteristics.  Populations under 500 spawners were identified as 
being too low for accurate results.  SALMOD used a starting population of 1,000 spring-run 
even though current redd surveys indicate less than 100 spawners in the mainstem.  8,591 winter-
run spawners were used to start even though current population estimates are less than 3,000.  
Each year the population is reset to the starting level making it difficult to ascertain trend 
information.   Confidence intervals or other measures of uncertainty have not been estimated for 
any of the models used in the CVP/SWP operations BA. 
 
Steelhead were not used in SALMOD, however, NMFS assumed that late fall-run could be used 
as a surrogate, since they have similar life history stages and spawn at the same time of year.  
Additional uncertainty comes from not using the most recent years (i.e., 2003-2008), which 
incorporate adaptive management, EWA, Trinity ROD flows, and changes in operations due to 
ESA-listed fish species not represented in the historical data.   
 
Most model runs using SALMOD showed that there was not much difference between current 
and future operations (CVP/SWP operations BA Figures 11-44 through 11-54) except during 
critical years when juvenile production is reduced by up to 40 percent.  Years of low production 
were 1925, 1932, 1935, 1977, and 1992 when cold water releases are limited.  Most mortality 
occurred during the more sensitive egg and fry stage rather than presmolts and smolts.  Winter-
run fry mortality due to habitat limitations from water project operations increased gradually 
over time from less than 400,000 in 1923 to greater than 800,000 in 2002 (figure 6-21).   
 

Winter-run Chinook Fry Mortality Due to Habitat Limitations, escapement = 
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Figure 6-21.  Winter-run Chinook salmon fry mortality due to habitat limitations by water operational 
scenario, 1923-2002 from SALMOD model. Study 6.0 represents 2004 operations, study 7.0 represents 
current operations, 7.1 represents near future operations, and 8.0 represents future operations (CVP/SWP 
operations BA figure 11-49). 
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Spring-run model results using SALMOD were similar to winter-run in that most of the 
mortaility due to project operations occurred in the egg and pre-emergent fry stage.  There was 
no mortality of fry, presmolts or smolts due to water temperatures.  Most spring-run and winter-
run are classified as pre-smolts upon passing the downstream end of the study area (RBDD).  
Spring-run egg mortality due to water temperature reached 2,200,000 of 2,400,000 potential eggs 
modeled (or 92 percent) in critically dry years (figure 6-22) indicating most of the spring-run 
would not survive the effects of the proposed action.   Since the SALMOD model resets the 
number of adults each year, it is difficult to predict what would happen in the years following 
this significant reduction. 
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Figure 6-22.  Sacramento River spring-run egg mortality due to water temperature by operational scenario 
with 2,400,000 total potential eggs, 1923-2002 from SALMOD model. Study 6.0 represents 2004 operations, 
7.0 represents current operations, 7.1 represents near future operations, and 8.0 represents future operations 
(CVP/SWP operations BA figure 11-53). 
 
Using SALMOD results for late fall-run as a surrogate, steelhead showed, on average, juvenile 
production was reduced by 10 percent during most years, but some years experienced up to a 60 
percent reduction.  The reduction in juveniles compared to the maximum production per year is 
shown in figure 6-23 for each operational scenario. 
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Decrease in Juvenile Late Fall-run Chinook Production Emigrating Past 
Red Bluff Compared to Maximum
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Figure 6-23.  Reduction in upper Sacramento River juvenile late fall-run Chinook salmon production during 
each year of the CALSIM II modeling period relative to the maximum production year.  Production was 
based on 12,051 adults and an average of 7 million juveniles produced in most years. 
 
The SALMOD model shows a reduction in juvenile production resulting from project operations.  
The differences between Studies 6.0, 7.0, 7.1 and 8.0 are not apparent, however, when taken 
together and added to the existing stress regime.  However, winter-run and spring-run on the 
mainstem Sacramento River never recover from critical years.  The CVP/SWP operations BA 
concluded, “that episodic reduction in juvenile survival (particularly in critically dry years) leads 
to an average annual reduction of 6,200 adult spawners for 7.1 and 3,600 for 8.0 (relative to 
study 7.0).  The effect of this reduced escapement through an 80-year period of simulation is 
sensitive to effects external to the proposed action (e.g., increased harvest rate or loss of hatchery 
supplementation).”   
 
6.3.8  Effects of the Action on Critical Habitat in the Sacramento River 
 
As described in the critical habitat designation final rules (June 16, 1993, 58 FR 33212; 
September 2, 2005, 70 FR 52488), critical habitat provides PCEs, which are physical or 
biological elements essential for the conservation of the species.  The Sacramento River provides 
3 of the 6 PCEs essential to support one or more life stages, including freshwater spawning sites, 
rearing sites, and migration corridors for winter-run, spring-run, and CV steelhead.  The 
Sacramento River is also proposed for critical habitat for Southern DPS of green sturgeon 
(proposed September 8, 2008, 73 FR 52084).  Critical habitat impacted by the proposed action 
includes the Sacramento River from Keswick Dam to the Delta (302 miles). 
 
6.3.8.1  Spawning Habitat 
 
Steelhead spawning in the mainstem Sacramento River is probably limited to the area upstream 
of RBDD where spawning gravel has been added for Chinook salmon.  However, surveys have 
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never been conducted to determine where or when CV steelhead spawn in the mainstem.  Most 
steelhead prefer to spawn in smaller tributaries, except where blocked by impassible dams.  
Similar habitat conditions found in the upper Sacramento River exist in all core populations of 
CV steelhead, such as on the American River, Feather River, and Stanislaus River.  Based on 
redd surveys conducted in other rivers, it is plausible that CV steelhead could utilize some areas 
as spawning habitat.  The CVPIA spawning gravel program has historically used larger size 
gravel suitable for salmon, therefore, spawning gravel of suitable size for steelhead may be 
limiting in this area.   
 
For winter-run and spring-run, potential spawning habitat is constrained by temperature control 
to smaller and smaller areas below Keswick Dam.  The impacts of operations on cold water have 
already been described above.  However, the changes to the habitat downstream are far more 
widespread and difficult to detect.  The volume of water stored in Shasta reservoir tends to 
dampen the seasonal variation in water temperatures.  This moderation of water temperatures, 
combined with a loss in spawning habitat above Shasta and Keswick dams, may have profound 
effects on life history patterns.  Warmer water temperatures during the spring-run and CV 
steelhead egg incubation have resulted in earlier emergence time.  Spawning habitat, which is 
now located 60 to 240 miles downstream from historical sites above Shasta Dam, truncates the 
juvenile emigration timing by 2-3 months.  Therefore, juveniles leave the spawning area at much 
smaller size and are less likely to survive downstream.  For steelhead the cold summer-time flow 
regime favors residency over anadromy, which reduces the variability in life history that 
distinguished runs.  In addition, with more spatial and temporal overlap between the listed 
anadromous salmonid species, competition for space reduces the value of the spawning habitat 
for the conservation of any one species.   
 
The value of spawning habitat for the conservation of the species is also reduced by flow 
fluctuations twice a year every year to install and remove the ACID diversion dam.  These 
sudden drops in flow strand and/or isolate juveniles rearing along 5 miles of habitat above the 
diversion dam, and likely for miles downstream.  Flow fluctuations can also dewater winter-run 
and fall-run redds.  Since the majority of winter-run have shifted to spawning above the ACID 
diversion dam (e.g., 62 percent in 2006), flow fluctuations are likely to have greater impacts in 
future years.   
 
Climate change, as a modeled future baseline stressor, is likely to reduce the conservation value 
of the spawning habitat PCE of critical habitat by increasing water temperatures, which will 
reduce the availability of suitable spawning habitat.  Cold water in Shasta Reservoir will run out 
sooner in the summer, impacting winter-run and spring-run spawning habitat.  This reduction in 
an essential feature of the spawning habitat PCE will reduce the spatial structure, abundance, and 
productivity of salmonids. 
 
6.3.8.2  Rearing Habitat 
 
Stream flows within the Sacramento River have been altered by the operations of Shasta and 
Keswick dams.  Generally, the changes have increased flows during the summer and fall, and 
decreased flows in the winter and spring compared to historical conditions (figure 5-13).  The 
result of the change in historical flow patterns has been a decrease in the hydrologic variability 

 273



and a loss of complexity in the freshwater aquatic habitat.  Specific areas of rearing habitat loss 
due to changes in the flow pattern include fewer oxbows, side channels, braided channels, less 
LWD, and less shaded aquatic riparian habitat.  The Nature Conservancy (2007) model shows 
that these are necessary for proper functions of riverine ecosystems.  A more natural flow regime 
with higher spring flows and lower summer flows would support riverine functions like the 
creation of oxbows, side channels and more varied riparian communities.  In turn, this would 
increase cottonwood regeneration, shaded aquatic habitat, food supply, rearing areas, and LWD 
recruitment, all important components that are being degraded under continued project 
operations.   
 
The decrease in the biological value of the rearing habitat is due to the simplification of the 
processes that create these important areas.  The CVP and SWP have for years used the river as a 
conveyance system, neglecting the natural processes that are necessary to support river 
dependent species.  This altered stream flow pattern has indirectly led to an increase in bank 
stabilization, levees, riprap, and armoring to keep the river in place.  The reduction in rearing 
habitat quality has decreased the survival of juvenile salmonids and favored the proliferation of 
introduced non-native species that prey or compete with juvenile salmonids.  Due to the stream 
flow changes, introduced warm water predators are much more numerous today than historically.  
Therefore, the conservation value of rearing habitat along the entire 300 miles has been degraded 
by project operations. 
 
Rearing habitat for CV steelhead has been modified in the Sacramento River to cooler summer 
time releases for winter-run spawning.  This change in summer temperature regime has increased 
the resident rainbow trout population.  The change in summer temperatures may reduce the 
number of steelhead that choose to migrate to the ocean because conditions are too favorable.  If 
the resident trout population is as large as the trout population above Shasta dam (i.e., estimated 
at 10,300 trout per mile), then competition for food and space could reduce the value of the 
rearing habitat PCE. 
 
Climate change, as modeled future baseline stressor, is likely to reduce availability of rearing 
habitat, and in turn, the value of the rearing habitat PCE of critical habitat, by increasing water 
temperatures.  As the juveniles migrate downstream, they will emigrate earlier, encounter 
thermal barriers sooner, and be subjected to predators for longer periods of time.  This reduction 
in the essential elements of critical habitat will reduce the spatial structure, abundance, and 
productivity of salmonids.  Juveniles would be expected to concentrate in areas of cold water 
refugia, like in the few miles below Keswick Dam, where competition for food, space, and cover 
would be intense.  Those individuals that stayed to over summer would be forced into one life 
history pattern consistent with project operations (i.e., yearling life history and emigration during 
the following spring).  Those juveniles that did emigrate early would be exposed to greater stress 
regimes as they encounter higher water temperatures and greater concentrations of predators 
downstream. 
 
6.3.8.3  Migratory Corridors 
 
The conservation value of the migratory corridor along the mainstem Sacramento River for all 4 
listed species is degraded by the presence of barriers to upstream and downstream migrations.  
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An essential feature of the migratory corridor PCE is unobstructed passage of emigrating fish 
through the upper Sacramento River to the spawning areas.  This characteristic of the PCE will 
continue to be degraded by the continued operation of the RBDD and ACID diversion dam.  
Adult salmonids are blocked and/or delayed in passing these obstructions.  Juveniles are 
subjected to higher concentrations of predators at these locations.  Entrainment losses will 
continue into the future from operation of fish screens at these diversions.   
 
RBDD backs up water on the Sacramento River to form Lake Red Bluff during the summer 
months, when juvenile winter-run are migrating downstream.  This action reduces the 
conservation value of the critical habitat within the 6–mile lake (or 15 miles of shoreline) for 
winter-run, spring-run and CV steelhead (TCCA 2008).  The inundation of the Sacramento River 
slows down flows, covers riparian areas, warm water predators become more numerous, and the 
value of the habitat is reduced.  Juvenile salmon and steelhead are disoriented and confused as 
they migrate downstream through the lake, similar to what happens on the Columbia River above 
its dams.  Stranding and isolation occur in sloughs adjacent to the lake when the gates come out 
in September (USFWS 1998).  The rising waters in the spring kill any vegetation along the sides 
by submerging it underwater and covering it with silt.  Water temperatures increase in the lake as 
flows are slowed and surface water is heated by the sun.  Large shade trees and riparian areas are 
prevented from becoming established leaving the near shore areas devoid of vegetation.  Food 
supply, shelter and cover are reduced by this action and will continue to be reduced under future 
operations until a new pumping plant is built and operational. 
 
Approximately, 8 miles of river habitat is modified (or 13.3 percent of the available habitat 
above RBDD) to less suitable lake habitat for 4 to 6 months of every year when the diversions 
are in place (i.e., 6 miles above RBDD, and 2 miles above ACID).  This seasonal loss of habitat 
reduces food availability, shelter, and cover, and causes permanent changes that reduce the value 
of that habitat for the rest of the year (i.e., from sedimentation, loss of shaded aquatic habitat, 
loss of riffle areas that produce food).  The loss of habitat value leads to a reduction in the 
abundance of juvenile winter-run and spring-run that enter the Delta.  Productivity and growth 
are also reduced from modified habitat and reduced complexity.  Juvenile salmonids reach the 
Delta sooner and at a smaller size, making them more vulnerable to predation.  Larger fish are 
more likely to survive the stressful transition into the marine environment than smaller fish, 
which have less energy reserves stored in their bodies.   Therefore, salmonids with life history 
stages (representing a year in freshwater) like spring-run yearlings and CV steelhead smolts are 
less likely to be affected by these habitat changes in the migratory corridor, since they move 
through mainstem quickly prior to entering the ocean. 
 
6.3.8.4  Green Sturgeon Proposed Critical Habitat  
 
The installation and operation of the RBDD gates on May 15 of each year in the near term 
(through year 2019) blocks access to 53 miles of the Sacramento River to approximately 35 to 40 
percent of the spawning population that arrive after May 15, and as a result, impairs the function 
of the Sacramento River as a migratory corridor for both green sturgeon adults and 
larvae/juveniles.  After May 15, the river no longer has unobstructed access to habitat above 
RBDD, and changes the function of the river to such an extent that fish survival and viability are 
compromised.  Reclamation proposes to reoperate RBDD in the future full build out scenario 
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(beginning in year 2020), so the RBDD gates would be in for approximately 2½ months each 
year rather than the current 4 months.  After the near term (beginning in year 2020), the value of 
the migratory corridor PCE will improve each year through 2030 with the gates out longer, 
however, it will still be degraded. 
 
RBDD backs up water on the Sacramento River to form Lake Red Bluff during the summer 
months, when some green sturgeon are migrating downstream.  The inundation of the 
Sacramento River slows down flows, covers riparian areas, warm water predators become more 
numerous, and the value of the habitat is reduced.  Juvenile green sturgeon are disoriented and 
confused as they migrate downstream through the lake, similar to what happens on the Columbia 
River above its dams.  Stranding and isolation occur in sloughs adjacent to the lake when the 
gates come out in September (USFWS and Reclamation 1998).  The rising waters in the spring 
kill any vegetation along the sides by submerging it underwater and covering it with silt.  Water 
temperatures increase in the lake as flows are slowed and surface water is heated by the sun.  
Large shade trees and riparian areas are prevented from becoming established leaving the near 
shore areas devoid of vegetation.  Food supply, shelter and cover are reduced by this action and 
will continue to be reduced under future operations until a new pumping plant is built and 
operational. 
 
Approximately, 8 miles of river habitat is modified (or 13.3 percent of the available habitat 
above RBDD) to less suitable lake habitat for 4 to 6 months of every year when the diversions 
are in place (i.e., 6 miles above RBDD, and 2 miles above ACID).  This seasonal loss of habitat 
reduces food availability, shelter, and cover, and causes permanent changes that reduce the value 
of that habitat for the rest of the year (i.e., from sedimentation, loss of shaded aquatic habitat, 
loss of riffle areas that produce food).  The loss of habitat value leads to a reduction in the 
abundance of juvenile green sturgeon that enter the Delta.  Productivity and growth are also 
reduced from modified habitat and reduced complexity. 
 
The near term and long term operation of RBDD decreases the conservation value of suitable 
water quality conditions for green sturgeon spawning and rearing.  Water temperature for 
spawning and egg incubation is near optimal (15oC/ 59oF)) from RBDD upriver during the 
spawning season.  Below RBDD, water quality, in terms of water temperature, gradually 
degrades and eventually exceeds the thermal tolerance level for egg incubation, when egg 
hatching success decreases and malformations in embryos increase above 17 oC/62 oF, at 
Hamilton City. 
 
The closed gates also decrease the conservation value of proposed critical habitat by:  (1) 
increasing the potential for predation on downstream emigrating larvae in the slow moving water 
upstream of the RBDD (Lake Red Bluff), (2) increasing predation below the location of the 
RBDD due to the turbulent boil created below the structure and the concentration of predators 
located, and (3) creating increased potential for adults to be injured as they try to pass beneath 
the gates during the closed operations.  The closed gate configuration also has the potential to 
alter the genetic diversity of the population by separating the population into upstream and 
downstream spawning groups based on run timing. 
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The installation of the RBDD blocks green sturgeon from known holding pools above the 
structure.  Although known holding areas exist below the RBDD, such as the hole just above the 
GCID diversion, the RBDD decreases the number of deep holding pools the adult fish can access 
through its operation, thereby degrading the conservation value of the water depth PCE. 
 
6.4  American River Division 
 
6.4.1  Deconstruct the Action 
 
This section is intended to describe how we have deconstructed the proposed action into stressors 
that affect CV steelhead, the only ESA-listed species that occurs within the American River.  
Naturally-produced CV steelhead in the lower American River are affected by many different 
stressors, which, for the purpose of this analysis, are categorized into two groups based on 
whether they do, or do not result from CVP operations (figure 5-19).  The “future baseline” 
characterizes those  stressors which are not the result of CVP operations, although CVP 
operations may exacerbate the effect of the stressor.  An example of a future baseline stressor 
that is exacerbated by CVP operations is predation.  Steelhead co-evolved with predators such as 
pikeminnow, but exposure to both elevated water temperatures and limited flow-dependent 
habitat availability resulting from CVP operations make juvenile steelhead more susceptible to 
predation (Water Forum 2005a).  A detailed description of the future baseline is provided above 
in section 5.4.3, while project-related stressors are discussed below in section 6.4.3. 
 
6.4.2 Assess Species Exposure 
 
For the purposes of this analysis, “exposure” is defined as the temporal and spatial co-occurrence 
of a natural origin steelhead life stage and the stressors associated with the proposed action.  A 
few steps are involved in assessing steelhead exposure.  First, the steelhead life stages and 
associated timings are identified.  Adult steelhead immigration in the American River generally 
occurs from November through April with a peak occurring from December through March 
[Surface Water Resources, Inc. (SWRI) 2001].  Spawning reportedly occurs in late December to 
early April, with the peak occurring in late February to early March (Hannon and Deason 2008).  
The embryo incubation life stage begins with the onset of spawning in late December and 
generally extends through May, although, in some years incubation can occur into June (SWRI 
2001).  Juvenile steelhead rear in the American River for a year or more before emigrating as 
smolts from January through June (SWRI 2001).   
 
The second step in assessing steelhead exposure is to identify the spatial distribution of each life 
stage.  The steelhead immigration life stage occurs throughout the entire lower American River 
with adults holding and spawning from approximately RM 5 to Nimbus Dam at RM 23 (Hannon 
and Deason 2008).  Approximately 90 percent of spawning occurs upstream of the Watt Avenue 
bridge area located at about RM 9.4 (Hannon and Deason 2008).  The juvenile life stage occurs 
throughout the entire river, with rearing generally occurring in the vicinity of the upstream areas 
used for spawning.  Most juvenile steelhead are believed to migrate through the lower sections of 
the American River into the Sacramento River as smolts.   
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The last step in assessing steelhead exposure is to overlay the temporal and spatial distributions 
of proposed action-related stressors on top of the temporal and spatial distributions of lower 
American River steelhead.  This overlay represents the completed exposure analysis and is 
described in the first three columns of table 6-18.  Unless otherwise specified in table 6-18, the 
temporal and spatial distributions of proposed action-related stressors are the same as the 
temporal and spatial distributions of steelhead life stages as specified in table 6-18. 
 
6.4.3  Assess Species Response 
 
Now that the exposure of American River steelhead to the proposed action has been described, 
the next step is to assess how these fish are likely to respond to the proposed action-related 
stressors.  In general, responses to stressors fall on a continuum from slight behavioral 
modifications to certain death.  Life stage-specific responses to specific stressors related to the 
proposed action are described in detail in the following paragraphs and are summarized in table 
6-18.  There may be other project stressors acting on lower American River steelhead than those 
identified in table 6-18.  However, this effects analysis intends to identify and describe the most 
important project-related stressors to these fish.  These stressors were identified based on a 
comprehensive literature review, which included the following documents: 

• Lower American River State of the River Report (Water Forum 2005a); 
• Aquatic Resources of the Lower American River: Baseline Report (SWRI 2001); 
• Impacts on the Lower American River Salmonids and Recommendations Associated 

with Folsom Reservoir Operations To Meet Delta Water Quality Objectives and 
Demands (Water Forum 2005a); 

• American River Steelhead Spawning 2001 – 2007 (Hannon and Deason 2008); 
• Steelhead Restoration and Management Plan for California (McEwan and Jackson 

1996); 
• Evaluation of Effects of Flow Fluctuations on the Anadromous Fish Populations in the 

Lower American River (CDFG 2001); and 
• The CVP/SWP operations BA. 
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Table 6-18.  Exposure and summary of responses of American River steelhead to the proposed action.  
Life Stage/ 
Location Life Stage Timing Stressor Response Probable Fitness Reduction 
Spawning  

 
Primarily upstream 
of Watt Ave. area 

Late-Dec. - early 
Apr 

Folsom/Nimbus releases – flow 
fluctuations  

Redd dewatering and isolation 
prohibiting successful completion of 

spawning 

Reduced reproductive success 

Spawning  
 
Primarily upstream 
of Watt Ave. area 

Late-Dec. - early 
Apr. 

Nimbus Hatchery – hatchery O. 
mykiss spawning with natural-

origin steelhead 

Reduced genetic diversity.  Garza 
and Pearse (2008) showed that 

genetic samples from the population 
spawning in the river and the 

hatchery population were “extremely 
similar”. 

Reduced genetic diversity 

Embryo incubation  
 

Primarily upstream 
of Watt Ave. area  

Late-Dec - May Water temperatures warmer than 
life stage requirements, particularly 
occurring upstream of Watt Ave. in 

April and May 

Sub-lethal effects - reduced early life 
stage viability; direct mortality; 

restriction of life history diversity 
(i.e., directional selection against 
eggs deposited in Mar. and Apr.) 

Reduced survival 

Embryo incubation  
 
Primarily upstream 
of Watt Ave. area 

Late-Dec. - May Folsom/Nimbus releases – flow 
fluctuations 

Redd dewatering and isolation.  
Hannon et al. (2003) reported that 5 
steelhead redds were dewatered and 
10 steelhead redds were isolated at 

the lower Sunrise side channel when 
Nimbus Dam releases were 

decreased on February 27, 2003.  
When releases were decreased on 
March 17, 2003, seven steelhead 
redds were dewatered and five 

additional redds were isolated from 
flowing water at the lower Sunrise 
side channel.  In April 2004 at the 
lower Sunrise side channel, five 

steelhead redds were dewatered and 
“many” redds were isolated (Water 
Forum 2005a).  Redd dewatering at 

Sailor Bar and Nimbus Basin 
occurred in 2006 (Hannon and 

Deason 2008). 

Reduced survival 



Life Stage/ 
Location Life Stage Timing Stressor Response Probable Fitness Reduction 

Juvenile rearing  
 

Primarily upstream 
of Watt Ave. area  

Year-round  Folsom/Nimbus releases – flow 
fluctuations; low flows, 

particularly during late summer 
and early fall 

Fry stranding and juvenile isolation; 
low flows limiting the availability of 

quality rearing habitat including 
predator refuge habitat 

Reduced survival 

Juvenile rearing  
Primarily upstream 
of Watt Ave. area  

Year-round  Water temperatures warmer than 
life stage requirements, particularly 

occurring upstream of Watt Ave. 
during June through September 

Physiological effects - increased 
susceptibility to disease (e.g., anal 
vent inflammation) and predation.  
Visible symptoms of thermal stress 
in juvenile steelhead are associated 
with exposure to daily mean water 
temperatures above 65°F (Water 

Forum 2005a).  With the exception 
of 2005, from 1999 through 2007, 
daily mean water temperatures at 

Watt Avenue from August through 
September were warmer than 65°F 
for approximately 81 percent of the 
days, and during 2001, 2002, 2004, 
2006, and 2007, water temperatures 
were often over 68°F (figure 30a).  
Under a drier and warmer climate 

change scenario (Study 9.5), modeled 
water temperatures at Watt Avenue 
from June through September under 
full build out of the proposed Project 

range from 65°F to 82°F 
(Reclamation 2009).  Even if no 

regional climate change is assumed 
(Study 9.1), water temperatures at 

this location during this time period 
are expected to range from 63°F to 

79°F. 

Reduced growth; Reduced 
survival 

Smolt emigration  
 

Throughout entire 
river  

Jan. - Jun. Water temperatures warmer than 
life stage requirements, particularly 

occurring downstream of Watt 
Ave. during March through June 

Physiological effects – reduced 
ability to successfully complete the 

smoltification process, increased 
susceptibility to predation 

Reduced growth; 
Reduced survival 
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This effects analysis assumes that impacts on lower American River steelhead expected to occur 
with implementation of the proposed action will be similar to, or more severe than, the impacts 
associated with the recent past operations of the American River Division of the CVP.  This 
assumption is reasonable because the proposed action includes the continued operation of the 
American River Division through 2030 to meet increasing water demands.  From 2000 through 
2006, annual water deliveries from the American River Diversion ranged from 196 TAF in 2000 
to 297 TAF in 2005.  In the CVP/SWP operations BA, present level water demands for the 
American River Division were modeled at 325 TAF per year and the 2030 water demands are 
modeled at nearly 800 TAF per year, an annual demand about 2.7 to 4.0 times higher than the 
annual deliveries from 2000 through 2006.   
 
Although the CVP/SWP operations BA indicates that Reclamation intends to operate to a new 
flow management standard whenever additional b(2) water is available - a change in operations 
from the recent past - the major stressors included in this effects analysis associated with Folsom 
Reservoir operations are not expected to be minimized.  That is, Reclamation’s conditional 
implementation of the new flow management standard, whenever additional b(2) water is 
available [see table 2-3 for NMFS’ assumption on b(2)], is not expected to reduce water 
temperature-related or flow fluctuation impacts. 
 
The CVP/SWP operations BA states that the “project description…is consistent with the 
proposed flow management standard.”  Based on the information provided in the CVP/SWP 
operations BA, it is unclear whether Reclamation intends to achieve this consistency by adhering 
to the water temperature standards described in the flow management standard (Water Forum 
2004): 
 

 “Reclamation shall operate Folsom Dam and Reservoir and Nimbus Dam to meet daily 
average water temperatures of 60ºF or less, striving to achieve 56°F or less as early in 
the season as possible, in the lower American River at Watt Avenue from October 16 
through December 31 for fall-run Chinook salmon spawning and egg incubation; and  

 
 Reclamation shall operate Folsom Dam and Reservoir and Nimbus Dam to maintain 

daily average water temperatures that do not exceed 65°F in the lower American River at 
Watt Avenue from June 1 through October 15 for juvenile steelhead over-summer 
rearing.”  

 
Reclamation does not identify lower American River water temperature standards, objectives, or 
targets in the CVP/SWP operations BA.  NMFS assumes that, even if Reclamation intends to do 
so, they will not achieve the water temperature standards described in the flow management 
standard with implementation of the proposed action because:  (1) the availability of b(2) water 
that would allow Reclamation to “operate to the proposed flow management standard” is 
uncertain (see general assumption in section 2.4.3); (2) operational (e.g., Folsom Reservoir 
operations to meet Delta water quality objectives and demands and deliveries to M&I users in 
Sacramento County) and structural (e.g., limited reservoir water storage and coldwater pool) 
factors not associated with the flow management standard limit the availability of coldwater for 
water temperature management; (3) in most years since the late 1990s, Reclamation has not 
achieved the temperatures specified in the flow management standard (see section 6.4.3.2 Water 



Temperature below); and (4) annual water demands for full build-out (year 2030) of the 
proposed action are expected to substantially increase from present day levels, which will likely 
further constrain lower American River water temperature management.   
 
6.4.3.1  Folsom/Nimbus Releases 
 
Releases from Folsom Dam are re-regulated approximately 7 miles downstream by Nimbus 
Dam.  Releases from Nimbus Dam to the American River affect the quantity and quality of 
steelhead habitat (Water Forum 2005a, CDFG 2001), water quality, water temperature, and 
entrainment13.  Water quality can affect steelhead embryo incubation if Nimbus Dam releases 
are too low to flush silt and sediment from redds (Lapointe et al. 2004, Greig et al. 2005, 
Levasseur et al. 2006).  Conversely, if instream flows are too high, scour and increased 
sedimentation could result in egg mortality (Kondolf et al. 1991).  Steelhead egg and alevin 
mortality associated with high flows in the American River has not been documented, althou
flows high enough to mobilize spawning gravels do occur during the spawning and embryo 
incubation periods (i.e., late-December

gh 

 through early-April).   

                                                

 
As described in the CVP/SWP operations BA, Ayres Associates (2001) indicated that spawning 
bed materials in the lower American River may begin to mobilize at flows of 30,000 cfs, with 
more substantial mobilization occurring at flows of 50,000 cfs or greater.  Flood frequency 
analysis for the American River at Fair Oaks gauge shows that, on average, flood control 
releases will exceed 30,000 cfs about once every 4 years and exceed 50,000 cfs about once every 
5 years (CVP/SWP operations BA).  During flood control releases made in January 1997, 
considerable morphological changes occurred in the American River, including streambed 
alterations at several salmonid spawning sites that caused redd scouring (USFWS 2003a).   
 
Releases from Folsom Reservoir, are made, in part, for flood control and to meet Delta water 
quality objectives and demands.  These operations can result in release events during the winter 
and spring that are characterized by rapid flow increases for a period of time followed by rapid 
flow decreases.  A few examples of these types of flow fluctuations can be seen in the Nimbus 
Dam release pattern, which occurred in 2004 (figure 6-24).   
 
Flow fluctuations in the lower American River have been documented to result in steelhead redd 
dewatering and isolation (Hannon et al. 2003, Water Forum 2005, Hannon and Deason 2008).  
Redd dewatering can affect salmonid embryos and alevins by impairing development and 
causing direct mortality due to desiccation, insufficient oxygen levels, waste metabolite toxicity, 
and thermal stress (Becker et al. 1982, Reiser and White 1983).  Isolation of redds in side 
channels can result in direct mortalities due to these factors, as well as starvation and predation 
of emergent fry.  Hannon et al. (2003) reported that five steelhead redds were dewatered and 10 
steelhead redds were isolated in a backwater pool at the lower Sunrise side channel when 

 
13 In general, a positive relationship exists between upstream reservoir releases (e.g., Folsom Reservoir) and the 

volume of water exported from the Delta through the Jones and Banks pumping plants (SWRCB 2000).  Because a 
positive relationship between water exported from these pumping plants and juvenile salmonid entrainment has 
also been reported (Kimmerer 2008), it is reasonable to assume that releases from Nimbus Dam likely contribute to 
the entrainment of juvenile salmonids in the Delta, including American River steelhead.  Additionally, some level 
of entrainment may occur in the lower American River, but it is not believed to be a major stressor to steelhead and 
will not be further discussed in this effects analysis. 
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Nimbus Dam releases were decreased on February 27, 2003.  When releases were decreased on 
March 17, 2003, seven steelhead redds were dewatered and five additional redds were isolated 
from flowing water at the lower Sunrise side channel.  In April 2004 at the lower Sunrise side 
channel, five steelhead redds were dewatered and “many” redds were isolated (Water Forum 
2005a).  Redd dewatering at Sailor Bar and Nimbus Basin occurred in 2006, with most of the 
redds being identified as Chinook salmon redds, at least one was positively identified as a 
steelhead redd, and several more redds were of unknown origin (Hannon and Deason 2008) 
(figure 6-25).   
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Figure 6-24.  Mean daily release rates from Nimbus Dam in January through July of 2004.  The timing of the 
steelhead life stages that are most vulnerable to flow fluctuations during these months are displayed. 
 
Although reports of steelhead redd dewatering and isolation in the American River are limited to 
2003, 2004, and 2006, these effects have likely occurred in other years because:  (1) the pattern 
of high releases followed by lower releases which occurred during the steelhead spawning period 
(i.e., primarily January through March) in 2003, 2004, and 2006, is similar to the pattern 
observed during the spawning period in many other years [CDEC data (http://cdec.water/ca/gov/) 
from 1994 through 2007]; and (2) monitoring was not conducted during many release events 
and, consequently, impacts were not documented.  Impacts associated with flow fluctuations are 
expected to continue to occur with implementation of the proposed project through 2030 because 
changes from past operations that would address this stressor were not identified in the project 
description 
 

 283



Juvenile steelhead isolation has also been reported to occur in the lower American River.  For 
example, Water Forum (2005a) reported that juvenile steelhead became isolated from the river 
channel in both 2003 and 2004 following a flow increase and decrease event associated with 
meeting Delta water quality objectives and demands (Water Forum 2005a).   
 

 
Figure 6-25.  Dewatered redds at Nimbus Basin and Sailor Bar, February 2006 (figure was modified from 
Hannon and Deason 2008). 
 
In addition to flow fluctuations, low flows also can negatively affect lower American River 
steelhead.  Yearling steelhead are found in bar complex and side channel areas characterized by 
habitat complexity in the form of velocity shelters, hydraulic roughness elements, and other 
forms of cover (SWRI 2001).  At low flow levels, the availability of these habitat types becomes 
limited, forcing juvenile steelhead densities to increase in areas that provide less cover from 
predation.  With high densities in areas of relatively reduced habitat quality, juvenile steelhead 
become more susceptible to predation as well as disease.  Exposure of juvenile steelhead to these 
low flow conditions is expected to continue to occur with implementation of the proposed 
Project through 2030." 
 
6.4.3.2  Water Temperature 
 
Water temperature is perhaps the physical factor with the greatest influence on American River 
steelhead.  Water temperature directly affects survival, growth rates, distribution, and 
developmental rates.  Water temperature also indirectly affects growth rates, disease incidence, 
predation, and long-term survival (Myrick and Cech 2001).  Water temperatures in the lower 
American River are a function of the timing, volume, and temperature of water being released 
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from Folsom and Nimbus dams, river distance, and environmental heat flux (Bartholow 2000).  
Thus, water temperatures in the lower American River are influenced by proposed action 
operations. 
 
Myrick and Cech (2001) examined the effects of water temperature on steelhead (and Chinook 
salmon) with a specific focus on Central Valley populations and reported that steelhead egg 
survival declines as water temperature increases past 50°F.  In a summary of technical literature 
examining the physiological effects of temperature on anadromous salmonids in the Pacific 
Northwest, EPA (2001) reported that steelhead egg and alevin survival would decline with 
exposure to constant water temperatures above 53.6°F.  Although supporting references were not 
provided, the CVP/SWP operations BA states that:  “Temperatures of 52°F or lower are best for 
steelhead egg incubation.  However temperatures less than 56 F are considered suitable.”  
Rombough (1988) as cited in EPA (2001) found less than four percent embryonic mortality of 
steelhead incubated at 42.8, 48.2, and 53.6°F, but noted an increase to 15 percent mortality at 
59°F.  In this same study, alevin mortality was less than five percent at all temperatures tested, 
but alevins hatching at 59°F were considerably smaller and appeared less well developed than 
those incubated at the lower test temperatures. 
 
In a recent laboratory study examining survival and development of steelhead eggs incubated at 
either 46.4°F or 64.4°F, Turner et al. (2007) found that eggs incubated at the higher temperature 
experienced higher mortality, with 100 percent mortality of eggs from one of three treatments at 
the higher temperature.  Also, those fish incubated at the higher temperature that did survive 
exhibited greater structural asymmetry than fish incubated at the lower temperature.  Similar to 
Turner et al. (2007), Myrick and Cech (2001) reported an increase in physical deformities in 
steelhead that were incubated at higher water temperatures.  Structural asymmetry has been 
negatively correlated with fitness in rainbow trout (Leary et al. 1984). 
 
Based on the thermal requirements reported above and the temporal distribution of steelhead egg 
incubation (i.e., January through May), some level of egg mortality and/or reduced fitness of 
those individuals that survive is expected with exposure to the water temperatures that are 
expected to occur with implementation of the proposed action.  For example, mean water 
temperatures at Watt Avenue from 1999 through 2008 ranged from about 48°F to 54°F in March, 
50°F to 59°F in April, and 56°F to 64°F in May (figure 6-26).  
 
Modeled water temperatures also demonstrate that steelhead eggs will be exposed to stressful 
conditions with implementation of the proposed action.  Exceedence plots of water temperatures 
near Sunrise are expected to always be at or above 50°F during March, April, and May (figures 
6-27, 6-28, and 6-29).  Water temperatures during these months are expected to be over 54°F for 
about 30, 95, and 100 percent of the cumulative water temperature distribution, respectively; 
water temperatures are expected to be above 56°F for about 10, 70, and 100 percent.  During the 
warmest 10 percent of the cumulative water temperature distribution during April and May, 
water temperatures are expected to exceed 62°F and 66°F, respectively.  It is important to note 
that these modeled water temperature results do not incorporate effects of climate change.   
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Figure 6-26.  Lower American River water temperature during March, April, and May from 1999 through 
2008 represented as the mean of the daily average at the Watt Avenue gage (Original data were obtained 
from http://cdec.water.ca.gov/). 
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Figure 6-27.  Exceedence plot of modeled water temperatures in the lower American River near the Sunrise 
area during March (CVP/SWP operations BA appendix I). 
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Figure 6-28.  Exceedence plot of modeled water temperatures in the lower American River near the Sunrise 
area during April (CVP/SWP operations BA appendix I). 
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Figure 6-29.  Exceedence plot of modeled water temperatures in the lower American River near the Sunrise 
area during May (CVP/SWP operations BA appendix I). 
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For the purposes of this analysis, NMFS assumes that climate change could account for a 1-3°F 
increase in water temperatures within the time frame of the proposed action (see Appendix R of 
the CVP/SWP operations BA).  If this level of warming occurs, mean water temperatures in the 
lower American River could range from about 51°F to 57°F in March, about 53°F to 62°F in 
April, and 59°F to 67°F in May (figure 6-30).  Under these conditions, higher egg mortality and 
increased fitness consequences would occur for steelhead eggs and alevins that were spawned 
later in the spawning season (e.g., spawned in March rather than January).  This selective 
pressure towards earlier spawning and incubation would truncate the temporal distribution of 
spawning, resulting in a decrease in population diversity, and consequently a likely decrease in 
abundance. 
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Figure 6-30.  Lower American River water temperature during steelhead from 1999 through 2008 
represented as the mean of the daily average at the Watt Avenue gage plus 3°F to incorporate potential 
climate change effects (see Key Assumptions in section 2).  Years are labeled in the legend with “CC” to 
denote the intended application of this figure as an analysis of climate change effects.  Original data were 
obtained from http://cdec.water.ca.gov/. 
 
High water temperatures are a stressor to juvenile rearing steelhead in the American River, 
particularly during the summer and early fall.  Unfortunately, assessing the response of 
American River steelhead juveniles to water temperatures is not straightforward, as no studies of 
the effects of temperature on Central Valley juvenile steelhead have yet been published in the 
primary literature (Myrick and Cech 2004).  Myrick and Cech (2004) state that, “The scarcity of 
information on the effects of temperature on the growth of juvenile steelhead from central valley 
systems is alarming, and should be rectified as quickly as possible.”   
 
The available information suggests that American River steelhead may be more tolerant to high 
temperatures than steelhead from regions further north (Myrick and Cech 2004).  Cech and 
Myrick (1999) reported that when American River steelhead were fed to satiation at constant 
temperatures of 51.8°F, 59.0°F, and 66.2°F, growth rates increased with temperature, whereas 
Wurtsbaugh and Davis (1977) found that maximal growth of juvenile steelhead from North 
Santiam River in Oregon occurred at a cooler temperature (i.e., 62.6°F).  Both of these studies 
were conducted in a controlled laboratory setting with unlimited food availability.  Under more 
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variable conditions, such as those experienced in the wild, the effect of water temperature on 
juvenile steelhead growth would likely be different.   
 
Even with this tolerance for warmer water temperatures, steelhead in the American River exhibit 
symptoms of thermal stress.  For example, the occurrence of a bacterial-caused inflammation of 
the anal vent (commonly referred to as “rosy anus”) of American River steelhead has been 
reported by CDFG to be associated with warm water temperatures (figure 6-31).  Sampling in the 
summer of 2004 showed that this vent inflammation was prevalent in steelhead throughout the 
river and the frequency of its occurrence increased as the duration of exposure to water 
temperatures over 65°F increased.  At one site, the frequency of occurrence of the anal vent 
inflammation increased from about 10 percent in August, to about 42 percent in September, and 
finally up to about 66 percent in October (Water Forum 2005a).    
 

 
Figure 6-31.  Anal vent inflammation in a juvenile steelhead from the American River (Water Forum 2005a). 
 
The juvenile steelhead immune system properly functions up to about 60°F, and then is 
dramatically compromised as water temperatures increase into the upper 60°Fs (Water Forum 
2005a).  CDFG reports that, in 2004, the anal vent inflammation occurred when juvenile 
steelhead were exposed to water temperatures above 65°F (Water Forum 2005a).  With the 
exception of 2005, from 1999 through 2007, daily mean water temperatures during the summer 
at Watt Avenue were most often above 65°F, and during 2001, 2002, 2004, 2006, and 2007, 
water temperatures were often over 68°F (figure 6-32a).   
 
If the assumed effects of climate change (i.e., a 1°F to 3°F increase in water temperatures) are 
applied to these data, water temperatures would be even more stressful for juvenile steelhead 
(figure 6-32b), with levels over 65°F throughout August and September in all years if 
temperatures increase by 3°F (figure 6-32c).  Figures 6-32a, b, and c are likely conservative 
general representations of the range of summer water temperatures that are expected with 

 289



implementation of the proposed action given that annual water demands from 2000 through 2006 
ranged from 196 TAF in 2000 to 297 TAF in 2005 and under full build-out conditions in 2030 
annual water demands are modeled in the CVP/SWP operations BA to be 800 TAF.   
 
Based on water temperature modeling results presented in the CVP/SWP operations BA, water 
temperatures associated with visible symptoms of thermal stress in juvenile steelhead (i.e., 
>65°F) are expected to occur from June through September with implementation of the propose 
Project.  Exceedence plots of monthly water temperatures at Watt Avenue show that 
temperatures are expected to be at or above 65°F for about 70 percent of the cumulative 
distribution in June, 100 percent in July and August, and about 95 percent in September (figures 
6-33 and 6-34).  It should be noted that the modeled water temperatures presented in figures 6-33 
and 6-34 are monthly estimates, which do not capture diurnal variation.  As such, NMFS 
assumes that with the continued implementation of the proposed action, juvenile steelhead will 
be exposed to daily mean and maximum temperatures warmer than those presented in these 
figures.  This is significant, as the monthly estimates during the warmest conditions in July and 
August are approaching the lethal limits (~77.0 °F) of Nimbus Fish Hatchery steelhead under 
laboratory conditions (Myrick and Cech 2004).  
 
To successfully complete the parr-smolt transformation, a physiological and morphological 
adaptation to life in saline water, steelhead require cooler water temperatures than for the rearing 
life stage.  Adams et al. (1975) reported that steelhead undergo the smolt transformation when 
reared in water temperatures below 52.3°F, but not at warmer water temperatures.  In a report 
focusing on the thermal requirements of Central Valley salmonids, Myrick and Cech (2001) 
came to a similar conclusion stating that steelhead successfully smolt at water temperatures in 
the 43.7°F to 52.3°F range.  Others have suggested that water temperatures up to about 54°F will 
allow for successful steelhead smoltification (Zaugg et al. 1972, Wedemeyer et al. 1980, EPA 
2001).   
 
Steelhead smolt emigration in the American River occurs from January through June (SWRI 
2001).  Monitoring data from 1999 through 2008 showed that lower American River water 
temperatures frequently exceeded 52°F by March and exceeded 54°F in all but 2 years by April 
(figure 6-26).  Based on the thermal requirements for steelhead smolts described above, smolt 
transformation is likely inhibited by exposure to lower American River water temperatures.  
With increased warming associated with climate change, it is likely that by March steelhead parr 
will not be able to successfully transform to smolts in the American River (figure 6-30).   
 
Modeled water temperatures demonstrate that even without warming associated with climate 
change, the proposed action is expected to result in conditions that will inhibit the successful 
transformation from parr to smolts.  For example, exceedence plots show that water temperatures 
at Watt Avenue will be warmer than 54°F for 30 percent of the cumulative water temperature 
distribution during March (figure 27) and for 95 percent of the distribution in April (figure 6-28).  
By May water temperatures are expected to nearly always be warmer than about 58°F (figure 6-
29) and in June modeling results suggest that they will always be over 62°F (figure 6-33a). 
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Figure 6-32 a, b, and c.  Lower American River water temperature during August and September from 1999 
through 2007 represented as the daily mean at the Watt Avenue gage (a).  Figures b and c show these same 
water temperatures plus 1°F and 3°F, respectively, to incorporate potential climate change effects (see Key 
Assumptions in Chapter 2).  The 65°F line is indicated in red because visible symptoms of thermal stress in 
juvenile steelhead are associated with exposure to daily mean water temperatures above 65°F.   Data were 
obtained from http://cdec.water.ca.gov/. 
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Figure 6-33a and b.  Exceedence plots of modeled water temperatures in the lower American River near Watt 
Avenue during June (a) and July (b) (CVP/SWP operations BA figures 10-114 and 10-115, respectively).  For 
this analysis, the 65°F line was added in red because visible symptoms of thermal stress in juvenile steelhead 
are associated with exposure to daily mean water temperatures above 65°F. 
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Figures 6-34a and b.  Exceedence plots of modeled water temperatures in the lower American River near 
Watt Avenue during August (a) and September (b) (CVP/SWP operations BA figures 10-116 and 10-117, 
respectively).  For this analysis, the 65°F line was added in red because visible symptoms of thermal stress in 
juvenile steelhead are associated with exposure to daily mean water temperatures above 65°F.   
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6.4.3.3  Predation 
 
As described in Water Forum (2005a), Folsom Reservoir is commonly operated to meet water 
quality objectives and demands in the Delta.  These operations limit coldwater pool availability 
in Folsom Reservoir, thereby potentially resulting in elevated water temperatures in the lower 
American River, which likely results in increased predation rates on juvenile rearing steelhead.  
According to CDFG (2005 op. cit. Water Forum 2005a), water temperatures above 65°F are 
associated with a large (i.e., 30-40 species) complex warmwater fish community, including 
highly piscivorous fishes such as striped bass (Morone saxatilis), largemouth bass (Micropterus 
salmoides), and Sacramento pikeminnow (Ptychocheilus grandis).    Juvenile rearing steelhead 
may be exposed to increased predation due to both increased predator abundance and increased 
digestion and consumption rates of these predators associated with higher water temperature 
(Vigg and Burley 1991, Vigg et al. 1991).   
 
Some striped bass reportedly reside in the lower American River year-round, although their 
abundance greatly increases in the spring and early summer as they migrate into the river at 
roughly the same time that steelhead are both emerging from spawning gravels as vulnerable fry 
and migrating out of the river as smolts (SWRI 2001).  Striped bass are opportunistic feeders, 
and almost any fish or invertebrate occupying the same habitat eventually appears in their diet 
(Moyle 2002).  Empirical data examining the effect of striped bass predation on steelhead in the 
American River have not been collected, although one such study was recently conducted in the 
Delta (DWR 2008).  Results of this study concluded that steelhead of smolt size had a mortality 
rate within Clifton Court Forebay that ranged from 78 ± 4 percent to 82 ± 3 percent over the 
various replicates of the study.  The primary source of mortality to these steelhead is believed to 
be predation by striped bass.  Although Clifton Court Forebay and the lower American River are 
dramatically different systems, this study does demonstrate that striped bass are effective 
predators of relatively large-sized steelhead.  Considering that striped bass are abundant in the 
lower American River during the spring and early summer (SWRI 2001), when much of the 
steelhead initial rearing and smolt emigration life stages are occurring, striped bass predation on 
juvenile steelhead is considered to be a very important stressor to this population.  Although 
predation by striped bass is considered a baseline stressor, the proposed action is expected to 
exacerbate the stressor.  As described above, low releases from Nimbus Dam force juvenile 
steelhead into areas that provide less cover from predation.   
 
6.4.3.4  Nimbus Fish Hatchery 
 
The Nimbus Fish Hatchery stock is not part of the CV steelhead DPS, and its impacts to the 
natural American River population include both genetic and behavioral effects (Myers et al. 
2004).  As described in Pearsons et al. (2007), the selective pressures in hatcheries are 
dramatically different than in the natural environment, which can result in genetic differences 
between hatchery and wild fish (Weber and Fausch 2003), and subsequently differences in 
behavior (Metcalfe et al. 2003).  Early Nimbus Fish Hatchery broodstock included naturally-
produced fish from the American River and stocks from the Wahougal (Washington), Siletz 
(Oregon), Mad, Eel, Sacramento and Russian Rivers, with the Eel River stock being the most 
heavily used (Staley 1976, McEwan and Jackson 1996).   
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There is additional concern regarding the effects of Nimbus Fish Hatchery on naturally-spawned 
steelhead.  Analysis of genotype data collected from 18 highly variable microsatellite molecular 
markers from adult O. mykiss entering Nimbus Fish Hatchery showed that over one third of the 
fish were identified as hatchery rainbow trout (Garza and Pearse 2008).  NMFS does not know 
whether these trout were used as broodstock for steelhead production, although they could have 
been, considering that there was overlap in length between the trout and steelhead that entered 
the hatchery.  Garza and Pearse (2008) state that, “Integration of these trout into steelhead 
production is likely to have a number of detrimental effects, because of their reduced genetic 
variation, genetic predisposition against anadromy and past hatchery selection pressures.”  The 
authors also suggest that Nimbus Fish Hatchery operations may have affected the genetic 
integrity of other Central Valley populations: 
 

“Since Eel River origin broodstock were used for many years at Nimbus Hatchery on the 
American River, it is likely that Eel River genes persist there and have also spread to 
other basins by migration, and that this is responsible for the clustering of the below-
barrier populations with northern California ones.  This, in combination with the 
observation of large numbers of hatchery rainbow trout entering Nimbus Hatchery and 
potentially spawning as steelhead, suggest that the below-barrier populations in this 
region appear to have been widely introgressed by hatchery fish from out of basin 
broodstock sources (Garza and Pearse 2008).” 

 
6.4.4  Assess Risk to Individuals 
 
Based on the responses of steelhead exposed to the proposed action described above, fitness 
consequences to individuals include reduced reproductive success during spawning, reduced 
survival during embryo incubation, reduced survival and growth during juvenile rearing, and 
reduced survival and growth during smolt emigration (see table 6-12). 
   
6.4.5  Effects of the Action on CV Steelhead Designated Critical Habitat in the American 
River Division 
 
The lower American River is designated critical habitat for CV steelhead.  The PCEs of critical 
habitat in the lower American River include freshwater spawning sites, freshwater rearing areas, 
and freshwater migration corridors.  This analysis on the effects of the proposed action on 
steelhead critical habitat is based on information presented in preceding sections regarding its 
effects on CV steelhead, and are summarized below as they relate to the PCEs of critical habitat.  
 
Spawning and rearing PCEs in the American River are expected to be negatively affected by 
flow and water temperature conditions associated with the proposed action.  High flows during 
flood control operations can negatively affect steelhead spawning habitat by mobilizing gravels.  
Spawning bed materials in the lower American River may begin to mobilize at flows of 30,000 
cfs, with more substantial mobilization occurring at flows of 50,000 cfs or greater (CVP/SWP 
operations BA, Ayres Associates 2001).  Flood frequency analysis for the American River at Fair 
Oaks gauge shows that, on average, flows will exceed 30,000 cfs about once every 4 years and  
exceed 50,000 cfs about once every 5 years (CVP/SWP operations BA). 
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Rearing habitat in the lower American River is negatively affected by flow fluctuations, which 
can result in redd dewatering and isolation, fry stranding, and juvenile isolation.  Additionally, 
steelhead egg incubation and juvenile rearing habitat quality is expected to be reduced by the 
occurrence of warm water temperatures.  These relatively warm water temperatures also increase 
susceptibility of juvenile steelhead to predation due to both increased predator abundance and 
increased digestion and consumption rates of these predators associated with higher water 
temperature (Vigg and Burley 1991, Vigg et al. 1991). 
 
Freshwater migration corridors also are PCEs of critical habitat.  They are located downstream of 
spawning habitat allow the upstream passage of adults and the downstream emigration of 
juveniles.  Migratory habitat conditions for steelhead smolt emigration are expected to be 
impaired with implementation of the proposed action, because of exposure to water temperatures 
that are too warm to allow for successful transformation from parr-to-smolt life stages.  
 
Based on the above discussion, the conservation value of spawning, rearing, and migratory 
habitats are negatively affected as a result of the proposed action 
 
6.5  East Side Division, New Melones Reservoir 
 
Operational effects of dams on rivers and the species that live in them are multi-faceted and 
complex.  This analysis focuses on key elements of Reclamation’s operations of the New 
Melones Dam, and related dams of the East Side Division, that may affect particular life history 
stages of CV steelhead when they are in the Stanislaus River.  CV steelhead are the only listed 
anadromous fish in the Stanislaus River. 
 
6.5.1.  Deconstruct the Action  
 
The action elements analyzed for proposed operations of the East Side Division can be broken 
down into two general categories:  management of proposed operational releases of water, and 
modification of the hydrograph of the lower Stanislaus River. 
  
Dam operations typically alter the downstream hydrograph from the unimpaired hydrograph.  
The CVP/SWP operations BA is inconsistent regarding the current and proposed operations of 
New Melones Reservoir.  The project description indicates that New Melones has been operating 
under an Interim Plan of Operations (IPO), although frequently, these operational criteria are not 
met.  There are references to a New Melones Draft Transitional Operation Plan in CVP/SWP 
operations BA chapters 9 and 10, but no narrative description was provided.  New Melones 
appears to be operated within the bounds of the fundamental operating criteria (project 
description starting on page 74), and the actual annual allocations are negotiated through a 
stakeholder group process.  For modeling purposes, Reclamation selected a monthly flow 
allocation based on a look up table, which assumes a distribution of flows linked to an 
unspecified process.  This is suitable to make some comparisons among model runs, but does not 
realistically assess operations.  Consequently this analysis makes the following assumptions 
about the proposed New Melones operations:  
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1. Operations will continue to apply the fundamental operating criteria (appendix 1 to this 
Opinion, starting on page 74), which, as written, include poorly defined decision trees 
and adaptive management processes; 

2. Poorly defined decision trees and adaptive management processes limit the utility of 
model runs to assess likely operational conditions; 

3. Recent operations (10-20 years) reflect a pattern that closely resembles the IPO, although 
the CVP/SWP operations BA suggests that many operational criteria of the IPO were not 
met; 

4. Future operations under the New Melones Transitional Operation Plan (NMTP) will 
reflect a pattern that closely resembles the IPO, except the only discernable difference 
appears to be that in Mid-Allocation years under the NMTP, if b(2) water is provided to 
fish, an equal amount is also provided to contract deliveries.  The step change of these 
allocations is not described in the text of the CVP/SWP operations BA, but the model 
outputs are driven by a look-up table that sets monthly flow levels for 6 different 
scenarios in mid-allocation years; 

5. Because (NMTP) operational criteria are not substantially different from IPO operational 
criteria, recent operational data are used to assess likely instream conditions, rather than 
relying on model outputs alone; and 

6. The amount, timing, and duration of b(2) water, is not secured in any year, unless end of 
year storage exceeds 1.7 MAF (High Allocation Years). 

 
6.5.2  Assess the Species Exposure 
 
For the purposes of this analysis, “exposure” is defined as the temporal and spatial co-occurrence 
of a CV steelhead life stage and the stressors associated with the proposed action.  A few steps 
are involved in assessing CV steelhead exposure.  First, the CV steelhead life stages and 
associated timings are identified.  The second step in assessing CV steelhead exposure is to 
identify the spatial distribution of each life stage.  The last step is to overlay the temporal and 
spatial distributions of proposed action-related stressors on top of the temporal and spatial 
distributions of Stanislaus River CV steelhead.  This overlay represents the completed exposure 
analysis and is described in table 6-19. 
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Table 6-19.  Summary of proposed action-related effects on Stanislaus River steelhead. 
 

Life Stage/ 
Location 

Life Stage 
Timing Stressor Response Probable Fitness Reduction 

Adult Immigration 
 

Delta to Riverbank 

Oct-Dec Water temperatures warmer 
than life history stage 

requirements 

Delayed entry into river;  pre-spawn 
mortality; reduced condition factor 

Reduced reproductive success; 
Reduced survival to spawn 

Spawning 
 

Goodwin Dam to 
Riverbank 

Dec-Feb Unsuitable flows restrict 
spawnable habitat and 

dewater redds 

Limited spawning habitat availability; egg 
mortality resulting from dewatered redds. 

 
 

Reduced reproductive success 

Spawning 
 

Goodwin Dam to 
Riverbank 

Dec-Feb Excessive fines in 
spawning gravel resulting 

from lack of overbank flow 
 

Reduced suitable spawning habitat; For 
individual: increased energy cost to attempt 

to "clean" excess fine material from 
spawning site 

Reduced reproductive success 

Egg incubation and 
emergence 

 
Goodwin Dam to 

Riverbank 

Dec-May Excessive fines in 
spawning gravel resulting 

from lack of overbank flow 
 

Egg mortality from lack of interstitial flow; 
egg mortality from smothering by nest-

building activities of other CV steelhead or 
fall-run; suppressed growth rates 

Reduced survival 

Egg incubation and 
emergence 

 
Goodwin Dam to 

Riverbank 

Dec-May Water temperatures warmer 
than life history stage 

requirements 

Egg mortality, Embryonic deformities 
 
 

Reduced survival 

Juvenile rearing 
 

Goodwin Dam to 
Riverbank 

Year round Contaminants (particularly 
dormant sprays) from land 

uses made possible by 
operations 

Reduced food supply; suppressed growth 
rates; smaller size at time of emigration, 

starvation; indirect: loss to predation; poor 
energetics; indirect stress effects. 

Reduced growth rates; Reduced 
survival 

Juvenile rearing 
 

Goodwin Dam to 
Riverbank 

Year round Lack of overbank flow to 
inundate rearing habitat 

Reduced food supply; suppressed growth 
rates; starvation; loss to predation; poor 

energetics; indirect stress effects, smaller 
size at time of emigration; 

Reduced growth rates; Reduced 
survival 

Juvenile rearing 
 

Goodwin Dam to 
Riverbank 

Year round Reduction in rearing habitat 
complexity due to 

reduction in channel 
forming flows 

Reduced food supply; suppressed growth 
rates; starvation; loss to predation; poor 

energetics; indirect stress effects, smaller 
size at time of emigration; 

Reduced growth rates; Reduced 
survival 
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Juvenile rearing 
 

Goodwin Dam to 
Riverbank 

Year round Unsuitable flows for 
maintaining juvenile habitat 

Crowding and density dependent effects 
relating to reduced habitat availability. 

Metabolic stress; starvation; loss to 
predation;  indirect stress effects, poor 

growth; 

Reduced growth rates; Reduced 
survival 

Juvenile rearing and 
out-migration 

 
Stanislaus River 

 

All year with 
increase Feb-
May during 

out-migration 

Predation by non-native 
fish predators because 

rearing habitat is lacking 

Juvenile mortality; Reduced juvenile 
production 

Reduced survival 

Juvenile rearing 
Stanislaus River 

 

Year round 
Jan-April (14 

months) 

End of summer water 
temperatures warmer than 

life history stage 
requirements 

Metabolic stress; starvation; loss to 
predation;  indirect stress effects, poor 

growth; 

Reduced growth rates; Reduced 
survival 

Smoltification and 
emigration 

 
Stanislaus River at 

mouth 

Jan. - Jun. Water temperatures warmer 
than life history stage 

requirements  (Mar - June) 

Missing triggers to elect anadromous life 
history;  failure to escape river before 

temperatures rise at lower river reaches and 
in Delta; thermal stress; 

Reduced diversity. 

Smolt emigration 
 

Stanislaus River 

Jan. – Jun. Suboptimal flow            
(March – June) 

Failure to escape river before temperatures 
rise at lower river reaches and in Delta; 

thermal stress; misdirection through Delta 
leading to increased residence time and 

higher risk of predation 

Reduced survival; 
Reduced diversity 
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As information on CV steelhead in the San Joaquin River system is limited, we assume that CV 
steelhead life history timing is similar throughout the Central Valley streams, although timing for 
CV steelhead use on the Stanislaus River is used where known (figure 5-21 above). A map of the 
lower Stanislaus River and key reaches is presented in figure 5-20.  The CV steelhead adult 
immigration life stage occurs throughout the entire lower Stanislaus River.  Because CV 
steelhead are unable to reach their historical spawning areas above Goodwin Dam, they are 
dependent on East Side Division operations maintaining instream temperatures suitable for 
spawning below the dam where appropriate gravel and gradient conditions occur.  No CV 
steelhead spawning surveys have been conducted on the Stanislaus River, but fall-run surveys 
indicate that spawning may occur from Goodwin Dam (RM 59) almost to the city of Riverbank 
(RM 33), with the highest use occurring above Knights Ferry (RM 55).  During fall-run redd 
surveys in 1995, Mesick (2001) observed the highest fall-run redd density between Goodwin 
Dam and Knights Ferry (6 to 50 redds/riffle), an average of 5 redds/riffle from Knights Ferry to 
Orange Blossom Bridge (RM 47), and an average of less than 2 redds/riffle between Orange 
Blossom Bridge and Riverbank.  Fall-run spawning use is a reasonable indicator of likely CV 
steelhead early spawning activity in mid-December to January as there is some overlap in 
spawning timing, more overlap in egg incubation timing, and the temperature requirements for 
egg incubation is comparable for both species.  Based on observations of trout fry, most 
spawning occurs upstream of Orange Blossom Bridge (Kennedy and Cannon 2002).  The 
juvenile life stage occurs throughout the entire river, with rearing generally occurring in the 
vicinity of the upstream areas used for spawning.  Most juvenile CV steelhead are believed to 
migrate through the lower sections of the Stanislaus River into the San Joaquin River as smolts.   
 
6.5.3  Assess the Species Response 
 
Now that the exposure of Stanislaus River CV steelhead to the deconstructed action has been 
described, the next step is to assess how these fish are likely to respond to the proposed action-
related stressors.  In general, responses to stressors fall on a continuum from slight behavioral 
modifications to certain death.  Life stage-specific responses to specific stressors related to the 
proposed action are described in detail in the following paragraphs and are summarized in table 
6-19.  There may be other project stressors acting on Stanislaus River CV steelhead than those 
identified in table 6-19.  However, this effects analysis intends to identify and describe the most 
important project-related stressors to these fish.   
 
This effects analysis assumes that impacts on CV steelhead in the Stanislaus River (figure 54-20) 
expected to occur with implementation of the proposed NMTP action will be similar to, or more 
severe than, the impacts associated with the East Side Division operations under the IPO to this 
point of consultation, which have occurred in the recent past (e.g., within the last 10-28 years).  
This assumption is reasonable because the proposed action includes the continued operation of 
the East Side Division through 2030 to meet increasing water demands.   
 
The future baseline of the existing dams prevents access to historical habitat, but the proposed 
operations of the dams control the quality and quantity of available alternative habitat below 
Goodwin Dam and the suitability of the physical conditions to support CV steelhead at various 



 301

life history stages.  Survival of CV steelhead may be affected by operations of the East Side 
Division in the following ways: 
 

• Operational releases control extent of cool water habitat available below Goodwin Dam.   
• Operational release levels control the quantity and functionality of instream habitat for 

spawning, egg incubation, juvenile rearing and smoltification.  
• Operational releases are typically lower than unimpaired flows, requiring smolting 

juveniles to expend more energy to outmigrate and lower stream velocities increase the 
exposure of juveniles and smolts to predation.   

 
The proposed operation of the East Side Division modifies the hydrograph from the unimpaired 
flow pattern with which CV steelhead evolved.  Such modifications may affect survival and 
critical habitat for CV steelhead in the following ways:   

• Peak flood flows are dampened, reducing floodplain inundation and impairing rearing 
ability; 

• Flow variability is muted, eliminating migratory cues that prompt migration and 
anadromy; 

• Flow variability is muted, causing channel incision, reducing available rearing habitat, 
simplifying channel complexity and allowing land use encroachment into riverside 
habitats; and  

• Channel forming flows are reduced or eliminated, resulting in fossilization of gravel bars 
and degradation of spawning habitat. 

 
The proposed New Melones operations will create an altered hydrograph as compared to the 
unimpaired flows and as compared to the future baseline.  The dampening of flood events and 
freshets eliminates the geomorphic processes that are important to CV steelhead to replenish and 
rejuvenate spawning riffles and to inundate floodplain terraces to provide nutrients and rearing 
habitat for juvenile salmonids.  The Corps has limited controlled flood releases from New 
Melones Dam to 8,000 cfs.  The dampening of flood events also eliminates or reduces the 
intensity and duration of freshets and storm flows that would otherwise convey smolting CV 
steelhead to the ocean and create a clear signature for the river.  A more moderated hydrograph 
has eliminated periodic channel forming flows.  The dams (a future baseline condition) capture 
sediment that would otherwise be transported downstream for geomorphic processes.  Operations 
of the dams result in channel incision that further reduces the chance of inundated floodplain 
habitat and degrades spawning habitat quality.  Releases from New Melones can affect 
downstream temperatures at critical times to affect adult migration, spawning, egg incubation 
success, juvenile survival and anadromy.  Predicted increases in temperature as a result of 
climate change will affect instream water temperatures directly, and will affect New Melones 
operations as more precipitation will fall as rain, rather than snow, and as storm event intensity is 
expected to increase.  Climate change may affect the types and cover rates of vegetation upslope 
of the river, potentially increasing the rate of fine sediment transport to the river and to spawning 
areas.  Future baseline stressors that are exacerbated by the proposed East Side Division 
operations include increased vulnerability to non-native fish predators owing to flow velocities 
and downstream temperatures conducive to these species and competition from resident O. 
mykiss, which may be more abundant as a result of less variability in instream conditions. 
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6.5.3.1  Temperature Effects  
 
Water temperature can be a stressor in the Central Valley floor segments of the rivers of the San 
Joaquin Basin, particularly in summer months.  The literature and scientific basis for life stage 
related temperature requirements for CV steelhead are described in section 6.4.3.2.  A summary 
of those requirements relevant to CV steelhead use of the Stanislaus River is presented in table 6-
20.  
 
Table 6-20.  CV steelhead temperature requirements by life stage and probability of exceedance under 
proposed action at relevant locations on the Stanislaus River.  

Life Stage and Temperature 
Requireiment (EPA 2003) 

Criterion and Temperature 
Compliance Location 

Probability of Exceedance 
Study 8 

Adult migration  Oct Nov Dec    
<64°F Temperature below 64°F at  

Orange Blossom Bridge 
(OBB) 

1% 0% 0%    

 Temperature below 64°F at 
Confluence 

0%  0% 0%    

Smoltification  Jan Feb Mar Apr May  
<57°F or <52°F Temperature below  

52°F at Knights Ferry  
 

0% 1% 17% 32% 60%  

 Temperature below 57°F at 
OBB 

0% 0% 1% 1% 15%  

Spawning and incubation  Jan Feb Mar Apr May  
<55°F Temperature Below 55°F at 

OBB 
0% 0% 1% 5% 32%  

 Temperature Below 55°F at 
Riverbank 

0% 2% 21% 46% 80%  

Juvenile rearing  Jun Jul Aug Sept   
<61°F (early) Temperature below 61°F at 

OBB 
62% 80% 85% 75%   

<64°F (late) Temperature below 65°F at 
OBB 

4% 19% 14% 9%   

 
Modeled temperatures under the proposed action are likely to be suitable for adult CV steelhead 
migration into the Stanislaus River.  Modeled temperatures indicate temperature exceedances for 
juvenile rearing, both early and late criteria, through most of the summer months at Orange 
Blossom Bridge.  This can result in sublethal effects including increased susceptibility to disease, 
increased metabolic demands and poorer condition if food resources are not more available, as 
well as lethal effects. Cooler temperatures may be found further upstream and juveniles could 
conceivably move upstream.  This would increase the net density in the upper reaches, resulting 
in increased crowding in available habitat, density dependent competition with resident O. 
mykiss, and increased risk of predation by adult resident O. mykiss and other predatory fishes.  
These factors would reduce the survival and fitness of juveniles CV steelhead. 
 
The literature regarding appropriate criteria for smoltification is varied and suggests optimal 
temperatures of less than 52 °F (Adams et al. 1975, Myrick and Cech 2001) to less than 57°F 



(EPA 2003).  This life history stage is uniquely important for the expression of anadromy in O. 
mykiss. This analysis looked at the modeled likelihood of achieving 57°F or less at Orange 
Blossom Bridge, which is lower in the system, and of achieving 52°F or less at Knights Ferry 
where temperatures are typically cooler. The 52°F criterion at Knights Ferry is not achieved 17-
60 percent of the time in the months of March through May.  The warmer 57°F criterion is not 
achieved 15 percent of the time in May at Orange Blossom Bridge, but is generally achievable in 
other critical months.  Although the precise temperature required for smoltification is uncertain, 
even with a warmer criterion of 57°F, the proposed operations will truncate the successful 
smoltification of late developing smolts.     
 
Salmonid spawning occurs from below Goodwin Dam to Riverbank. Consequently, specific 
temperature criteria of 55ºF or less at Riverbank should be met from December through May to 
ensure that temperatures are suitable for all available spawning habitat and for incubating eggs.  
However, modeled results and CDEC data (figure 6-35) indicate that temperatures at Riverbank 
are likely to exceed this level from March through May.  Appropriate incubation temperatures 
are generally exceeded at Orange Blossom Bridge in May.  This combination of conditions 
increases the likelihood that CV steelhead that spawn later in the season, or farther downstream 
will have reduced to failed reproductive success.  In addition to this individual and population 
effect, it affects the diversity of the population by truncating the timing and area available for 
successful spawning. 
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Figure 6-35.  Stanislaus and San Joaquin river temperatures and flow at selected locations in a dry year, 
actual measured water temperatures (2001, CVP/SWP operations BA figure 11-20). 
 
Modeling results provide information that may indicate how a system may perform if operated 
under a particular set of rules and conditions.  In practice, the actual operations are usually 
somewhat different than what was modeled and the system response is different.  The CDFG has 
petitioned the California State Water Resources Control Board to list the Stanislaus River, along 
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with the Merced, Tuolumne and San Joaquin rivers as impaired under the Clean Water Act 
[303(d)] with respect to temperature suitability for anadromous fish (CDFG 2007a).  Based on 
actual temperature data from 2000 through 2006, it concluded that “water temperatures in all 
four river systems are too warm for anadromous fish during all four of thir life stages” (CDFG 
2007a page 9).  That report does identify that modeling results include levels of uncertainty and 
that actual operational conditions may have greater or lesser effects on CV steelhead. 
 
Lindley et al. (2007) has identified the need for upstream habitat for salmonids, given predicted 
climate change in the next century.  This may be particularly relevant for CV steelhead on the 
Stanislaus River where Goodwin Dam blocks all access to historical spawning and rearing 
habitat and where the remaining population survives as a result of dam operations in downstream 
reaches that are historically unsuitable habitat because of high summertime temperatures. 
 
Construction of the dams on the Stanislaus River has prevented anadromous O. mykiss from 
accessing its entire historical habitat.  The population persists in a reach of the river that 
historically was unsuitable because of high temperatures (Lindley 2006) only if dam operations 
are managed to maintain suitable temperatures for all life history stages of CV steelhead.  There 
are no temperature control devices on any of the East Side Division facilities, so the only 
mechanism for temperature management is direct flow management. This has been achieved in 
the past through a combination of augmenting baseline water operations, for meeting senior 
water right deliveries and D-1641 water quality standards, with additional flows from (1) the 
CDFG fish agreement, and (2) from b(2) or b(3) water acquisitions.  The analysis of temperature 
effects presented in the CVP/SWP operations BA, Appendix I, assumes that these augmentations 
will be available.  If water for fish needs is indeed allocated as their model suggests, future 
operations likely would meet CV steelhead temperature needs, except in July through September 
in dry or critical years, when the average temperature would exceed 65ºF at Orange Blossom 
Bridge by 1-4°F, depending on the future climate change.   
 
The project pescription does not specify how b(2) or b(3) water are committed for fishery uses of 
any particular amount, timing or duration.  The CVP/SWP operations BA analysis does not 
evaluate their assumptions without the addition of CVPIA assets for fish, so the change in 
temperature of these reduced flows for fish cannot be quantified with available data.  Table 6-21 
compares the flow schedule used for critically dry years in the model Study 7.0 [current 
conditions, including use of b(2) and b(3)] with the September 2008 50 percent flow projection, 
which expresses the real-time operation plan [current conditions, but with b(2) and b(3) assets 
committed to other uses].  The projection identifies significantly lower flows than what are 
modeled for a similar year type, and likely resulting in unsuitable temperatures for CV steelhead.  
Given that the allocation process for b(2) and b(3) assets in the project description does not differ 
from current application practices, it is reasonable to expect that access to these resources to 
offset operational temperature effects on CV steelhead in the Stanislaus River will continue to be 
limited, particularly in Conference Years and in drier Mid-Allocation Years, and the effect is 
likely to be greater than what is modeled. 
 
Table 6-21.  Comparison of projected monthly Stanislaus River flows (cfs) from September 2008 50 percent 
forecast and CVP/SWP operations BA Study 7.0, 50 percent projected flows from look-up table.  
Month  Oct Nov Dec Jan Feb Mar Apr May June July Aug Sep 



Sept 2008 
50% 
forecast 

 
200 

 
210 

 
200 

 
135 

 
135 

 
268 

 
754 

 
739 

 
556 

 
396 

 
352 

 
240 

Modeled 
50% 
forecast * 

 
494 

 
340 

 
351 

 
298 

 
362 

 
401 

 
1122 

 
1299 

 
286 

 
267 

 
267 

 
240 

 
If future conditions are warmer, drier or both, summer temperature conditions at Orange 
Blossom Bridge will be more likely to exceed 65˚F, resulting in a constriction of suitable rearing 
habitat, encroachment of warm-water predatory fishes into more of the freshwater migration 
habitat, and decreased CV steelhead survival owing to temperature stress, increased disease, and 
increased competition for food and space with resident O. mykiss.   
 
The CVP/SWP operations BA modeled the effect of future climate scenarios on Chinook salmon 
egg mortality, as a surrogate to assess the effect of future project operations on CV steelhead in 
the Stanislaus River.  As modeled, temperature caused salmon egg mortality will increase by 
approximately 1 to 5 percent in wet years and by 1 to 14 percent in critically dry years (figure 6-
36).  CV steelhead eggs require lower incubation temperatures than Chinook salmon, so this 
analysis presents an underestimate of the project effect.    
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Figure 6-36.  Stanislaus River fall-run Chinook salmon egg mortality with climate change scenarios from 
Reclamation salmon egg mortality model.  All studies except 9.0 include 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (CVP/SWP operations BA figure 11-89). 
 
The CVP/SWP operations BA noted that under actual operational conditions in 2001, a dry year, 
the temperature at Orange Blossom Bridge did exceed 65°F, but not for extended periods of time 
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(figure 6-35).  A limitation of the modeling studies is that, while they were improved to use a 
daily time step in the BA, these daily temperatures were derived from disaggregated monthly 
temperatures.  Consequently the frequency and duration of temperature exceedances in a month 
cannot be evaluated.  Short duration exceedances as measured in 2001 would have less effect on 
the species than extended exposure to unsuitable temperatures.  Temperature exceedances of 
short duration and low magnitude can also be addressed with minor operational changes. 
Without clearer operational criteria to ensure that instream temperature standards are met, CV 
steelhead will be subjected to increased sublethal and lethal temperature effects in the Stanislaus 
River from the egg through smolt stages and potentially as adults.   
 
6.5.3.2  Instream Flow and Seasonal Hydrograph 
 
Aceituno (1993) applied the instream flow incremental methodology to the Stanislaus River 
between Riverbank and Goodwin Dam (24 river miles) and determined that 155 TAF was 
needed to maximize weighted usable habitat area for salmon, not including outmigration flows or 
fall attraction flows. This study also identified that instream flow needs for each life history stage 
are somewhat different between CV steelhead and fall-run (table 6-22).  CV steelhead flow 
needs are somewhat lower than fall-run needs for some life stages, but potentially higher for 
adult migration.  The total amount of water needed for maximum instream habitat support is 
equal to or greater than 155 TAF, which is also greater than the fishery agreement allottment to 
CDFG in Mid-Allocation Year, and probably Conference Year, categories (table 6-23).   
 
Table 6-22.  Comparison by life stage of instream flows which would provide maximum weighted usable area 
of habitat for steelhead and Chinook salmon in the Stanislaus River, between Goodwin Dam and Riverbank, 
California (adapted from Aceituno 1993).  No value for Chinook salmon adult migration flows was reported. 
Life Stage Steelhead Flow Steelhead 

Timing  
Fall-Run Flow Fall-Run 

Timing 
Spawning 200 Dec-Feb 300 Oct 15-Dec 31 
Egg 
incubation/fry 
rearing 

50 Jan - Mar 150 Jan. 1-Feb 15 

Juvenile rearing 150 all year  200 Feb 15-Oct 15 
Adult migration 500 Oct-April -  
                                                                                                                                                     
The proposed allocation year strategy for the East Side Division fundamental operating 
principles only commits to providing sufficient water for fisheries in 41 percent of the years, 
based on operations since 1982 (table 6-23).  The CDFG Fish Agreement allotment alone is less 
than what CV steelhead need, and the CDFG allocation schedule is predominantly directed by 
Chinook salmon needs.  Consequently, CV steelhead are likely to have unmet flow needs in 59 
percent of years, based on actual operations since 1982, and may also be negatively affected by 
operations that target higher flows for salmon than are appropriate for CV steelhead, unless 
channel complexity is sufficient to provide a range of instream flow conditions for a set release 
flow from the dams.  If b(2) or b(3) water is available, this effect could be reduced in some Mid-
Allocation years.  Because the guidance for allocation of b(2) and b(3) water for the Stanislaus 
River is not specific, the magnitude of this reduction cannot be determined. 
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Table 6-23.  Occurrence of High Allocation, Mid-Allocation and Conference Year types for New Melones 
Transitional Operation Plan, based on New Melones Operations since 1982 (CDEC data). 

Allocation Year Type Fishery 
Allocation 

% occurrence 
1982-2008 

High Allocation Years New Melones 
Index is greater than 1.7 MAF  

457 TAF 41 % 

Mid-Allocation 98.3 TAF 33% 
“Conference Year” conditions - New 
Melones Index is less than 1.0 MAF 

unspecified 26% 

 
The IFIM analysis did not include an assessment of the volume of water needed for a spring 
pulse flow to convey CV steelhead or fall run from the Stanislaus River into the Delta.  The San 
Joaquin River Agreement (SJRA) and associated VAMP were agreed upon by the SWRCB and 
the signatory parties as a mechanism to address this fishery need in the context of refining the 
understanding of what specific flow standards are needed to meet the requirements of the 1995 
Water Quality Control Plan.  The SJRA will conclude in 2011 and the funding for VAMP studies 
and flows is scheduled to end in 2009.  The project description indicates that Reclamation and 
DWR intend to “continue VAMP-like flows” but the description of these flows lacks critical fish 
benefits now provided by the SJRA and VAMP.  Under the SJRA, operators on the Tuolumne 
River and the Merced River release spring pulse flows in a manner coordinated with Stanislaus 
River pulse flows to convey salmonids from these tributaries into the San Joaquin River and to 
the Delta.  When the SJRA concludes, there will be no commitment by operators on the Merced 
and Tuolumne Rivers to continue with spring pulse flows.  This will affect CV steelhead in the 
Stanislaus in two ways: modification of New Melones operations to affect conditions on the 
Stanislaus and modification of conditions on the Merced and Tuolumne Rivers that affect the 
diversity group. 
 
Without the SJRA in effect, Reclamation is solely responsible to meet water quality standards 
(flow and salinity) at Vernalis.  Without the contribution from rivers upstream of the Stanislaus, 
Reclamation likely will be required to release more water from New Melones in order to meet 
that standard.  This can result in unsuitable flows and temperatures for CV steelhead, dewatering 
of redds, and reduction of storage volumes at the end of September.  This last factor will result in 
more years falling into the Conference Year or Mid-Allocation Year categories, which provide 
less suitable conditions for CV steelhead as described above on a more frequent basis.   
 
CV steelhead in all three of these rivers represent three of the four populations of the Southern 
Sierra Diversity Group of the Central Valley steelhead DPS.  Straying of individuals among 
these rivers likely occurs at some level and is a mechanism for recolonization of populations 
within the diversity group, should a catastrophic event eliminate one or more.  Lack of spring 
flows to encourage anadromy from the other San Joaquin River tributaries will further reduce 
those CV steelhead populations and reduce the diversity potential of the Stanislaus River CV 
steelhead population.  
 
As indicated above, the SJRA and VAMP flows provide benefit to enable outmigrating CV 
steelhead smolts.  However, the pulse flow period is constrained to occur only in a 31-day period 
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during April and May.  As indicated in the CVP/SWP operations BA (page 11-81), rotary screw 
traps on the Stanislaus capture O. mykiss with smolting characteristics from January through 
mid-April.  This represents the majority of the captures.  O. mykiss with smolting characteristics 
have also been captured as late as the end of May.  McEwan (2001) infers that CV steelhead 
would normally have exhibited a protracted outmigration period, peaking in March but extending 
as late as June.  Although the CVP/SWP operations BA suggests that CV steelhead smolts are 
sufficiently strong swimmers to exit the river at any time, trawl sampling at Mossdale collects 
CV steelhead at times that coincide with pulse flow releases.  Thus, while the VAMP pulse flows 
provide more benefit to CV steelhead than no pulse flow at all, the narrow window of time when 
it occurs also constrains diversity and plasticity that are important to the survival of the species. 
 
6.5.3.3  Geomorphic Effects of Altered Hydrograph 
 
Past operations of the East Side Division have eliminated channel forming flows and geomorphic 
processes that maintain and enhance CV steelhead spawning beds and juvenile rearing areas 
associated with floodplains and channel complexity.  The reduction in peak, channel-forming, 
flows over time is summarized in table 6-24 (from Kondolf et al. 2001).  Since the operation of 
New Melones Dam, channel-forming flows above 8,000 cfs have been reduced to zero and 
mobilizing flows in the 5,000-8,000 cfs range have only occurred twice in the past 10 years.  
Channel-forming flows are important to rejuvenate spawning beds and floodplain rearing habitat 
and to recruit allochthonous nutrients and large wood into the river. Floodplain and side channel 
habitats provide important juvenile refugia and food resources for juvenile salmonid growth and 
rearing (Sommers et al. 2001a, 2001b, 2005; Jeffres et al. 2008; Heady and Merz 2007). 
 
Salmonid spawning habitat availability and quality has been reduced on the order of 40 percent 
since 1994 (Kondolf et al. 2001).  Mesick (2001) hypothesized that this reduction is likely 
underestimated based on the sampling methodology of that assessment.  His results indicated that 
higher concentrations of fine sediments and low intragravel dissolved oxygen in riffles 
downstream of Orange Blossom Bridge would be expected to reduce fall-run egg survival by 23 
percent, as compared to the natural riffles at the Orange Blossom Bridge and upstream.  CV 
steelhead prefer spawning gravels with a greater proportion of smaller gravels than fall-run 
(Kondolf and Wolman 1993).  As smaller particles are mobilized at lower flows than larger 
particles, the degradation of spawning gravels has a greater proportionate effect on CV steelhead, 
although not quantified by the study.  Operational criteria have resulted in channel incision of 1-
3 feet since the construction and operation of New Melones Reservoir (Kondolf et al. 2001).  
This downcutting, combined with operational criteria, have effectively cut off overbank flows 
which would have inundated floodplain rearing habitat, as well as providing areas for fine 
sediment deposition, rather than within spawning gravels, as occurs now.  Additionally, the flow 
reductions in late spring and early summer are too rapid to allow recruitment of large riparian 
trees such as Fremont cottonwoods.  Consequently, within 10 to 20 years as existing trees 
scenesce and fall, there will be no younger riparian trees to replace them, resulting in less 
riparian shading, higher instream temperatures, less food production from allochtonous sources, 
and less LWD for nutrients and channel complexity  
 



Table 6-24.  Summary of flow conditions on the Stanislaus River during historical periods from 1904-1998.  
New Melones Dam construction was completed in 1979.  Goodwin Dam was completed in 1912 and the first 
dam in the basin dates at 1853 (Kondolf et al. 2001, table 5.2). 

 
Status quo operations will result in further degradation of spawning habitat and rearing habitat. 
Reduction and degradation of spawning gravels directly reduces the productivity of the species 
by reducing the amount of usable habitat area and causing direct egg mortality.  Lower 
productivity leads to a reduction in abundance.  The specific population decrement cannot be 
measured owing to the very low numbers of CV steelhead observed in the Stanislaus River. 
 
6.5.3.4  Effects of Climate Change 
 
Lindley et al. (2007) has identified the need for upstream habitat for salmonids, given predicted 
climate change in the next century.  This may be particularly relevant for CV steelhead on the 
Stanislaus River where Goodwin Dam blocks all access to historical spawning and rearing 
habitat and where the remaining population survives as a result of dam operations in downstream 
reaches that are historically unsuitable habitat because of high summertime temperatures.  If 
future conditions are warmer, drier or both, summer temperature conditions at Orange Blossom 
Bridge are likely to exceed 65˚F, resulting in a constriction of suitable rearing habitat, 
encroachment of warm-water predatory fishes into more of the freshwater migration habitat, and 
decreased CV steelhead survival owing to temperature stress, increased disease, and increased 
competition for food and space with resident O. mykiss.   
 
If future conditions are drier, warmer or a combination of both, temperature caused egg mortality 
will increase by approximately 2 percent in wet years to 13 percent in critically dry years (figure 
6-36).    
 
6.5.4  Assess Risk to Individuals 
 
Based on the effects to CV steelhead associated with the proposed action described above, 
fitness consequences to individuals include reduced reproductive success during spawning, 
reduced survival during embryo incubation, reduced survival and growth during juvenile rearing, 
and reduced survival and growth during smolt emigration (see table 6-19).   
 
6.5.5  Effects of the Action on CV Steelhead Critical Habitat 
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Critical habitat has been designated up to Goodwin Dam, to include currently occupied areas.  
Extension of critical habitat above the dams was deemed premature until recovery planning 
determines a need for these areas in the recovery of the DPS (September 2, 2005, 70 FR 52488).  
Lindley (2006) identifies that these habitat areas are intrinsically unsuitable habitat owing to high 
water temperatures, but suitable and occupied habitat does occur below the East Side Division 
dams as a result of dam operations that can be managed to maintain suitable temperature 
regimes.   The remaining areas below major dams also may not have optimal habitat 
characteristics.  For example, lower elevation rivers have substantially different flow, substrate, 
cover, nutrient availability, and temperature regimes than headwater streams. 
 
The PCEs of critical habitat include sites essential to support one or more life stages of the DPS 
(sites for spawning, rearing, migration, and foraging).  The specific PCEs relevant to the 
Stanislaus River and San Joaquin River to Vernalis include: 

1. Freshwater spawning sites 
2. Freshwater rearing sites 
3. Freshwater migration corridors 

Where specific information regarding CV steelhead habitat use in the Stanislaus River is not 
available, relevant information for fall-run may be used as a surrogate comparison, where 
comparisons are appropriate. 

6.5.5.1  Spawning Sites 
 
CV steelhead spawning habitat on the Stanislaus River is affected by East Side Division 
operations in four categories:  (1) flow releases may not maintain appropriate temperatures for 
spawning and egg incubation, particularly in April and May; (2) flow releases are not operated to 
maximize the amount of spawnable habitat available or prevent reductions that could dewater 
redds; (3) gravel replenishment is too little to offset the lost spawnable material blocked by the 
dams or to offset material transported away from spawnable riffles and list to in-river pits; and 
(4) flow releases do not support geomorphic processes that would remove fine sediment from 
spawning gravels and maintain interstitial flows to attract spawners and allow egg incubation.   
  
6.5.5.2  Temperature 
 
Because CV steelhead are unable to reach their historical spawning areas above Goodwin Dam, 
they are dependent on East Side Division operations maintaining instream temperatures suitable 
for spawning below the dam where appropriate gravel and gradient conditions occur.  No CV 
steelhead spawning surveys have been conducted on the Stanislaus River, but fall-run surveys 
indicate that spawning may occur from Goodwin Dam (RM 59) almost to the city of Riverbank 
(RM 33), with the highest use occurring above Knights Ferry (RM 55).  Based on observations 
of trout fry, most spawning occurs upstream of Orange Blossom Bridge (Kennedy and Cannon 
2002).  Modeling results indicate that temperature conditions for spawning CV steelhead likely 
cannot be met in April and May for future operations, even without climate change, and 
reduction in available coldwater for spawning habitat could occur in critically dry water years in 
the future if conditions are drier, warmer or a combination of both.  This would result in reducing 
the amount of suitable spawning habitat, and compressing it further upstream closer to the 
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terminal dams.  Operational criteria are not clearly described in the CVP/SWP operations BA to 
assure that modeled conditions reflect proposed operations.   
 
6.5.5.3  Spawnable Area 
 
Aceituno (1993) applied the IFIM to the Stanislaus River between Riverbank and Goodwin Dam 
(24 river miles) to help to determine instream flow needs for Chinook salmon and CV steelhead. 
The PHABSIM results indicated CV steelhead spawning was maximized at 200 cfs. Using the 
CALSIM II results presented in the CVP/SWP operations BA Appendix E and CV steelhead 
habitat area curves from Aceituno (1993), we assessed that flows that fall below that level 
between December and February are projected to occur 50 percent of the time in January and 10 
percent of the time in February and would reduce spawnable area by approximately 30 percent.  
December flows are projected to exceed 200 cfs in all years reducing spawnable area 15 percent 
in 50 percent of years.  Flows that exceed 400 cfs are projected to occur in all months 25 percent 
of the time and could result in reduction of spawnable habitat from 60-95 percent.   
 
Flows to maximize fall-run spawning are higher than CV steelhead needs, thus management 
actions to protect both species may conflict.  Channel complexity can allow for greater variety in 
meso habitats, so that for a given flow release level at the dam, some portions of the river will 
have higher velocities than other areas.  Thus more channel complexity could avoid adverse 
effects to CV steelhead as a result of implementing optimal flows for fall-run, such as those 
called for in the CVPIA.  Unfortunately, past and continuing operations have reduced channel 
forming and channel maintaining flows, which have resulted in channel incision and loss of 
channel complexity (Kondolf et al. 2001).  Therefore, the conservation value of spawning habitat 
in the form of gravel bedded reaches has been, and will continue to be, reduced with the 
implementation of the proposed action.   
 
6.5.5.4  Spawning Gravel Quality and Quantity 
 
Pebble counts and sediment size analysis of spawning areas has shown an increase in sand and 
fine material in spawning beds since construction of New Melones Dam (Kondolf et al. 2001, 
Mesick 2001).  Most non-enhanced riffles had sufficient fine material to impair egg incubation 
and survival.   
 
Gravel replenishment actions below Goodwin Dam add suitably-sized gravel for CV steelhead 
spawning, but it is rapidly mobilized at flows as low as 280 cfs (Kondolf et al. 2001).  CVPIA 
spawning gravel additions have targeted 3,000 cubic yards per year.  This is not of sufficient 
volume to offset the deficits created by the loss of recruitment from upstream sources (over 1 
million cubic yards, Kondolf et al. 2001).  At best, these additions may strategically maintain the 
quality of few spawning riffles.  The project description does not specify a level of spawning 
gravel addition to be performed on the Stanislaus River.    
 
6.5.5.5  Spawning Habitat Quality and Geomorphic Processes   
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Since the construction of New Melones Dam, channel-mobilizing flows of 5,000 cfs have 
increased in return interval from 1.5 years to over 5 years.  Overbank flows are critical for 
redistributing fine sediments out of spawning beds and onto the floodplain terrace.  Current 
operations have also caused channel incision of up to 1-3 feet since the construction of New 
Melones Dam.  Channel incision further increases the flows needed to obtain overbank flow and 
decreases the likelihood of occurrence.  Without sufficient flows for geomorphic processes to 
manage fine sediment deposition in spawning gravels, spawning beds will be increasingly 
choked with sediment and unsuitable for spawning.  
 
Lack of flow fluctuation and channel forming flows has also resulted in the stabilization of 
gravel bars by thick riparian vegetation at the river edges.  Lack of scouring prevents 
mobilization of spawnable material to refresh degraded riffles.  Proposed operations will 
continue this degradation of spawning habitat conditions.   
 

6.5.5.6  Freshwater Rearing Sites  
 
The project operations would not change rearing habitat availability, but current operations do 
not allow for overbank flow to maintain floodplain connectivity to form and maintain physical 
habitat conditions and support juvenile growth and mobility.  Since the construction of New 
Melones Dam, channel-mobilizing flows of 5,000 cfs have increased from a return interval of 1.5 
years to over 5 years.  Lack of flow fluctuation and channel forming flows has also resulted in 
the stabilization of gravel bars by thick riparian vegetation at the river edges.  Lack of scouring 
prevents introduction of LWD, which provides cover, nutrients and habitat complexity, including 
undercut banks and side channels.  Additionally, the flow reductions in late spring and early 
summer are too rapid to allow recruitment of large riparian trees such as Fremont cottonwoods.  
Consequently, within 10 to 20 years as existing trees scenesce and fall, there will be no younger 
riparian trees to replace them, resulting in less riparian shading, higher instream temperatures, 
less food production from allochtonous sources, and less LWD for nutrients and channel 
complexity.  Proposed operations will continue this degradation of rearing habitat conditions.  

6.5.5.7  Freshwater Migration Corridors 
 
Under proposed operations the freshwater migration corridors on the Stanislaus River will 
continue to require juvenile CV steelhead to pass through predator-rich abandoned mining pits, 
incised channels that limit channel complexity and water temperatures that may be 
physiologically lethal or sublethal.  The spring pulse flows defined in VAMP are generally less 
than the spring pulse flows measured in 1989, a critically dry year (Kondolf et al. 2001), hence 
the operational assistance provided to assist CV steelhead outmigrants is only representative of 
the lowest migratory volumes historically experienced by CV steelhead. 
 
Channel incision resulting from post New Melones operations has produced overhanging large 
wood and river edge aquatic vegetation but the lack of scouring and channel forming flows has 
effectively channelized and simplified the corridor.  The variety of habitats that allow them to 
avoid high flows, avoid predators, successfully compete, begin the behavioral and physiological 
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changes needed for life in the ocean, and reach the ocean in a timely manner has been limited by 
operational conditions.  Obstruction of access to historic spawning and rearing habitat requires 
CV steelhead to utilize these freshwater migration corridors at times that may not be optimal 
with respect to temperature, forage availability and exposure to predators.   
 
Adult CV steelhead migrating upstream frequently are delayed entering the river owing to poor 
water quality conditions in the Delta.  Fall attraction flows released for Fall Run typically 
improve conditions for steelhead migration also, hence steelhead tend to be observed on the 
Stanislaus River earlier in the year than in other Central Valley streams.   
 
6.6  Delta Division 
 
6.6.1  Deconstruct Actions in the Delta Division 
 
The proposed action within the Delta is comprised of several different elements.  Some of the 
elements, such as the proposed intertie between the Delta Mendota Canal and the California 
Aqueduct, were integrated into the assumptions for the CALSIM II modeling for the near future 
conditions (Study 7.1) and the future conditions (Study 8.0) and thus could not be analyzed 
separately without running the models individually with the explicit actions separated out from 
the combined assumptions.  Others aspects of the action were modeled, such as export rates and 
gross channel hydraulics (flow rates, flow percentages, etc.) and could be assessed for their 
effects.  NMFS chose to look at modeled water diversion actions in total, without disaggregating 
individual components of the water demands on the CVP and SWP actions in the Delta.  NMFS 
assumed that the baseline conditions included the current natural and anthropogenic conditions in 
the Delta region (levees, dredging, contaminants, urban development, non-native species, 
predation, etc.) without the effects of the ongoing operations (i.e., discretionary actions) of the 
Project.   
 
In general, the effects of the actions in the Delta will result in:  (1) increased export rates at the 
CVP and SWP facilities, resulting in increased salvage and loss at the CVP and SWP fish 
collection facilities, (2) alterations to the hydrodynamics in the Delta, resulting in increased 
vulnerabilities to entrainment into the central and southern Delta water ways, exposure to 
predation losses within the central and southern Delta waterways, delays in migration, increased 
residence time in the Delta due to delays in migration, and loss of migratory cues due to flow 
alterations, (3) exposure of green sturgeon to herbicides in Clifton court forebay, and (4) 
installation and operation of physical structures in the South Delta that will alter hydraulics, 
increase predation vulnerability and degrade habitat functions for listed salmonids and green 
sturgeon in the affected waterways. 
 
The action elements analyzed by NMFS for the Delta Division are: 
 

1. Exports from the CVP and SWP water diversions facilities which include changes in 
delta hydrodynamics, direct entrainment of listed fish at the project facilities, and indirect 
mortality within the delta related to exports and non-export factors; 
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2. Application of the copper based herbicide Komeen® to Clifton Court Forebay as part of 
the SWP aquatic weed control program; 

3. The effects of the South Delta Improvement Program, Stage 1; 
4. The effects of the Delta Cross Channel; 
5. Contra Costa Water District diversions from delta facilities; 
6. North Bay Aqueduct on Barker Slough; and 
7. Vernalis Adaptive Management Plan effects. 
 

In addition to the elements of the project action, the effects of climate change are assessed in 
conjunction with the implementation of the project actions.  NMFS utilized the output of the 
climate change modeling presented in the BA to conduct this evaluation. 
 
6.6.2  Proposed Delta Exports and Related Hydrodynamics 
 
6.6.2.1  Deconstruct the Action 
 
The proposed action will result in increased levels of water diversions from the CVP and SWP 
export facilities in the near future (Study 7.1) and future (Study 8.0) conditions over the current 
export levels (Study 7.0).  Increased exports result in increased net flows towards the export 
facilities through the waterways of the central and south Delta.  The effects of these increased 
exports are analyzed below in relation to the current level of exports.  The effects of the current 
exports are discussed in both the environmental baseline and the current effects section.  The 
temporal and spatial occurrence of listed fish in the Delta region as well as the baseline stressors 
have been described in Section 5.5, “Status of the Species and Critical Habitat in the Delta 
Division.” 
 
6.6.2.2  Elements of the Action 
 
6.6.2.2.1 Modeling Results for Proposed Delta Actions 
 
Reclamation used the computer simulation models CALSIM II and DSM2 to model the effects 
of the proposed action.  The effects modeled are based on the assumptions in the changes in 
operations and demands between the four CVP/SWP operations studies (6.0, 7.0, 7.1, and 8.0) as 
well as five climate change scenarios modeled in the future Study 9 series.  (See CVP/SWP 
operations BA page 9-32 and 9-107, and table 9-4 for a more complete description of the 
models) 
 
6.6.2.2.2  Delta Inflow 
 
Total Delta inflow in the models is calculated as the sum of water entering the Delta from the 
Yolo bypass, the Sacramento River, the Mokelumne River, the Calaveras River, the Cosumnes 
River, and the San Joaquin River (at Vernalis).  Historical Delta inflow for the period between 
1980 and 1991 averaged 28 MAF, with the inflow from the Sacramento and San Joaquin rivers 
contributing approximately 75 percent of the inflow (DWR 1995).  Based on the four modeling 
comparisons done for the CVP/SWP operations BA, the annual average Delta inflow decreases 
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in all study comparisons when future long term annual average conditions are compared to 
current conditions (table 6-25).  Although not specifically called out, north of Delta demands 
increase in the future with the addition of the Freeport Regional Water Project intake as well as 
increases in future demands for municipal and industrial (M&I) water deliveries and settlement 
contracts.  The overall result is more water is diverted for upstream demands prior to reaching 
the Delta in the near future and future conditions. 
 
Table 6-25.  Differences in long-term average annual Delta inflow and the 1929 – 1934 drought as modeled 
under the four CVP/SWP operations studies (CVP/SWP operations BA table 12-1). 

Difference in Thousand acre feet (TAF) Study 7.0 – 
Study 6.0 

Study 7.1 –
Study 7.0 

Study 8.0 – 
Study 7.0 

Study 8.0 – 
Study 7.1 

Long-term annual average Total Delta Inflow -69 -201 -270 -70 
1929 -34 Annual average Total Delta Inflow 136 -272 -403 -130 

 
The differences between studies 6.0, 7.0, 7.1, and 8.0 show relatively little difference in the 50th 
percentile flows (Total Delta inflow) when compared on a monthly basis (figure 6-37).  The 
highest modeled inflows occur in the period from December through March due to flood flows 
and increased runoff in the basin.  However, in all four modeling studies, there are distinct 
increases in Delta inflow during July to support increased pumping in below normal, dry, and 
critically dry year types (figures 6-38 through 6-43).  Reclamation has stated that “current” 
model runs (6.0 and 7.0) have slightly higher inflow than the future runs (7.1 and 8.0) during the 
summer of dry and critically dry years due to the extra pumping required for EWA transfers 
being wheeled between the facilities.  Since the future studies have limited EWA assets, this 
additional inflow is not required.  Conversely, more water arrives in the Delta in June and July 
during above normal and below normal years in the future operations, apparently for export 
purposes.  Summer time Delta inflow may have an effect on emigrating juvenile green sturgeon 
or their distribution in the Delta following emigration, based on the occurrence of juvenile green 
sturgeon at the South Delta salvage facilities in July and August.  However, the lack of data 
concerning the movements of juvenile sturgeon during their downstream migration make 
definitive assessments difficult at best concerning the role of Delta inflow on their movements. 
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Figure 6-37.  Monthly Delta inflow as measured at the 50th Percentile with 5th and 95th percentile whisker bars 
shown (CVP/SWP operations BA figure 12-2). 
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Figure 6-38.  Average monthly Total Delta Inflow (CVP/SWP operations BA figure 12-3). 
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Figure 6-39:  Average wet year (40-30-3014) monthly total Delta inflow (CVP/SWP operations BA figure 12-
4). 
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Figure 6-40:  Average above normal year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA 
figure 12-5). 
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1440-30-30, also known as the "Sacramento River Index,” was “previously used to determine year type 
classifications under SWRCB Decision 1485,” and is equal to 0.4 * Current Apr-Jul Runoff + 0.3 * Current Oct-
Mar Runoff + 0.3 * Previous Year's Index, where runoff is the sum of unimpaired flow in MAF at: Sacramento 
River above Bend Bridge, Feather River at Oroville (aka inflow to Lake Oroville), Yuba River near Smartville, 
and American River below Folsom Lake; and previous year’s index is a maximum 10.0 
(http://cdec.water.ca.gov/cgi-progs/iodir/wsi). 
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Figure 6-41:  Average below normal year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA 
figure 12-6). 
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Figure 6-42:  Average dry year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA figure 12-7). 
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Figure 6-43:  Average critically dry year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA 
figure 12-8). 
 
6.6.2.2.3  Delta Outflow 
 
Historical Delta outflow values are described in DWR’s Delta Atlas (DWR 1995).  Of the 28 
MAF of Delta inflow, approximately 19 MAF flows out to the ocean through the Delta.  The 
remaining 9 MAF is captured by water diversions in the Delta, of which the CVP and SWP 
account for approximately 6 to 8 MAF (or 20 to 28 percent of the inflow) depending on water 
year type (DWR 1995; Healey et al. 2008; California, State of 2008).  When comparing the 
differences between the future studies (7.1 and 8.0) with the current conditions (study 7.0), the 
average annual Delta outflow decreases by 300 to 400 TAF.  Most of this decrease is seen in the 
immediate future (Study 7.1 compared to Study 7.0) with a reduction of 296 TAF.  Study 8.0 
reduces the delta outflow average an additional 104 TAF (see table 6-26).  This represents an 
increase of approximately 5 percent in water “lost” in the Delta to diversions over historic 
conditions. 
 
Table 6-26.  Differences in long-term average annual Delta outflow and the 1929 – 1934 drought as modeled 
under the four CVP/SWP operations studies (CVP/SWP operations BA table 12-2). 

Differences in Thousands of Acre-Feet (TAF) Study 7.0 – 
Study 6.0 

Study 7.1 –
Study 7.0 

Study 8.0 – 
Study 7.0 

Study 8.0 – 
Study 7.1 

Long-term Annual Average Total Delta Outflow -149 -296 -400 -104 
1929 -34 Annual average Total Delta Outflow -93 -195 -164 32 
 
The studies indicate that there are seasonal differences in the outflow, particularly in winter and 
spring.  The biggest differences occur in below normal, dry, and critically dry years.  The 
obvious differences are seen in late winter, where outflow increases are seen in Studies 6.0 and 
7.0, when pumping reductions for “fish actions” are taken and thus, more water is allowed to 
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flow out of the Delta.  Conversely, these pumping reductions are not taken in the future since the 
models were designed with limited EWA assets available to the Projects.  In general, the Delta 
outflow decreases during the winter and spring seasons are greater for the future studies (7.1 and 
8.0) than they are for the current studies (6.0 and 7.0), indicating that less water is available to 
assist emigrating fish to leave the Delta during this period (figures 6-44 through 6-50). 
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Figure 6-44.  Monthly Delta outflow as measured at the 50th percentile with 5th and 95th percentile whisker 
bars shown (CVP/SWP operations BA figure 12-10). 
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Figure 6-45.  Average monthly total Delta outflow (CVP/SWP operations BA figure 12-11). 
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Figure 6-46.  Average wet year (40-30-30) monthly delta outflow (CVP/SWP operations BA figure 12-12). 
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Figure 6-47.  Average above normal year (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 
12-13). 
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Figure 6-48.  Average below normal year (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 
12-14). 
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Figure 6-49.  Average dry year (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 12-15). 
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Figure 6-50.  Average critically dry (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 12-
16). 
 
6.6.2.2.4  Exports from the Project Facilities 
 
The exports modeled are Reclamation’s at the Bill Jones Pumping Plant, the State’s pumping at 
the Harvey O. Banks Pumping Plant, joint point diversions by Reclamation at Banks, and 
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diversions for the Contra Costa Water District and the North Bay Aqueduct on Barker Slough.  
The future scenario, as modeled by Study 8.0, shows a pumping pattern with increased levels of 
exports due to the greater future demands south of the Delta, and reduced export curtailments 
due to EWA actions relative to current practices as modeled in studies 6.0 and 7.0.  The near 
future condition, as represented by study 7.1, also shows an elevated pumping pattern compared 
to the current operations as represented by studies 6.0 and 7.0. 
 
Reclamation indicates that pumping at the Bill Jones Pumping Plant is limited to 4,200 cubic feet 
per second (cfs) in studies 6.0 and 7.0, which represent current operations (no intertie).  In 
studies 7.1 and 8.0, pumping rates at Jones are increased to a maximum of 4,600 cfs in 
anticipation of the Delta-Mendota Canal intertie with the California Aqueduct.  The future 
conditions indicate that Reclamation will maximize its pumping during the months of November 
through January (i.e., 4,600 cfs) as often as possible.  Figure 6-51 (the 50th percentile monthly 
export rates) indicates that these maximum rates will occur in most months when conditions 
permit as illustrated by the 95th percentile whisker bars, leaving only April, May, and June below 
the maximum pumping rate.  Wet years tend to present the conditions when Reclamation can 
take advantage of the intertie and maximal pumping at 4,600 cfs compared to other water year 
types (figures 6-52 through 6-57).  The comparisons between the current studies (6.0 and 7.0) 
and the future studies (7.1 and 8.0) indicate that only in the months of March and April are 
pumping rates typically lower in the future operations than in the current operations.  The month 
of May, particularly in drier water years, has higher pumping rates than current operations.  In 
critically dry years, the future conditions have higher pumping rates during the October through 
May period compared to those seen in the current operations.  In the current studies (6.0 and 
7.0), pumping is reduced in December, January, and February by the 25 TAF restrictions 
imposed by the EWA Program.  Additional reductions occur in all four studies during the VAMP 
export reductions, but only the current studies have additional reductions associated with the 
EWA expenditures to supplement the VAMP shoulders in May for continued export reductions.  
The future studies (7.1 and 8.0) do not include these additional export reductions, presumably 
due to the limited EWA assets available.  All four studies indicate that pumping will increase 
during the summer (July through September) for irrigation deliveries.  The future studies 
increase the most during wet and above normal water year types, reaching near maximal 
pumping rates, while the drier water year types show mixed increases between the different 
modeling runs. 
 
The modeling studies completed for the CVP/SWP operations BA indicate that total Banks 
exports increase in December, January and February for studies 7.1 and 8.0 due to the lack of full 
EWA assets as compared to the full EWA assets modeled for the current conditions (Studies 6.0 
and 7.0).  The modeling also indicates that the 50th percentile pumping rates approach or exceed 
7,000 cfs during wet years and can exceed 8,000 cfs during January and February at the 95th 
percentile (see figure 6-58).  Furthermore, the reductions in pumping during the April and May 
VAMP export curtailment are less than under the current operational conditions.  This is created 
by the lack of sufficient volumes of water available (including the 48,000 AF available in-Delta 
from the Yuba River Accord) to offset the export reductions at Banks.  During summer months 
(July to September), the future operations are modeled to include an additional 500 cfs above the 
6,880 cfs maximum to offset “fish” related export reductions earlier in the year.  The average 



monthly pumping levels at Banks are shown in figure 6-59 and clearly indicate that on average, 
the future operational conditions will have higher pumping rates from December through May 
than under the present conditions.  This trend holds through most of the water year types, with 
future pumping levels being equivalent to or higher than the current operations during the winter 
and spring months in just about all monthly comparisons (figures 6-60 through 6-64). 

Percentiles 1922 - 2003

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

F
lo

w
 (

cf
s)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA  

Figure 6-51.  Monthly CVP export pumping rate, 50th percentile with 5th and 95th percentile whisker bars 
(CVP/SWP operations BA figure 12-18). 
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Figure 6-52.  CVP monthly average export rate (CVP/SWP operations BA figure 12-19). 
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Figure 6-53.  Average wet year (40-30-30) monthly CVP export rate (CVP/SWP operations BA figure 12-20). 
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Figure 6-54.  Average above normal year (40-30-30) monthly CVP export rate (CVP/SWP operations BA 
figure 12-21). 
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Figure 6-55.  Average below normal year (40-30-30) monthly CVP export rate (CVP/SWP operations BA 
figure 12-22). 
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Figure 6-56.  Average dry year (40-30-30) monthly CVP export rate (CVP/SWP operations BA figure 12-23). 
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Figure 6-57.  Average critically dry year (40-30-30) monthly CVP export rate (CVP/SWP operations BA 
figure 12-24). 
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Figure 6-58.  Monthly SWP export pumping rate, 50th percentile with 5th and 95th percentile whisker bars 
(CVP/SWP operations BA figure 6-25). 
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Figure 6-59.  SWP monthly average export rate (CVP/SWP operations BA figure 12-26). 
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Figure 6-60.  Average wet year (40-30-30) monthly SWP export rate (CVP/SWP operations BA figure 12-27). 
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Figure 6-61.  Average above normal year (40-30-30) monthly SWP export rate (CVP/SWP operations BA 
figure 12-28). 
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Figure 6-62.  Average below normal year (40-30-30) monthly SWP export rate (CVP/SWP operations BA 
figure 12-29).
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Figure 6-63.  Average dry year (40-30-30) monthly SWP export rate (CVP/SWP operations BA figure 12-30). 
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Figure 6-64.  Average critically dry year (40-30-30) monthly SWP export rate (CVP/SWP operations BA 
figure 12-31). 
 
Federal pumping at the Banks facility typically occurs in late summer and extends through 
October.  Additional pumping to supply Cross Valley Contractors may occur during the winter 
months (November through March).  The modeling indicates that the average Federal pumping 
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at the Banks facility is approximately 80 TAF with the future operations having slightly higher 
pumping needs than the current operations as modeled in Study 7.0.  Pumping in Study 7.1 is 
slightly higher (5 TAF) due to the lack of EWA wheeling relative to Study 7.0.  The available 
capacity at Banks for Federal pumping is reduced in Study 8.0 due to increased SWP demands 
South of Delta, which reduces the frequency of the pumping availability for Federal use. 
 
The Barker Slough pumping plant diverts water from Barker Slough into the North Bay 
Aqueduct (NBA) for delivery to Napa and Solano Counties.  Current pumping capacity is 140 
cfs due to limitations in the number of pumps at the facility.  An additional pump is required to 
reach the pipeline design capacity of 175 cfs.  During the past several years, daily pumping rates 
have ranged between 0 and 140 cfs.  There has been no discernable trend in monthly pumping 
levels since 2000 (Dayflow database) although the annual pumping rate for water year 2007 was 
higher than in previous years (83 cfs).  Seasonal pumping rates during the years 2005 to 2007 
were 109 cfs in summer (June to August), 94 cfs in fall (September through November), 39 cfs 
in winter (December through February), and 36 cfs in spring (March through May).  The recent 
historical data indicates that actual pumping levels are substantially less than those predicted in 
the CALSIM II current conditions scenario (Study 7.0) during the winter and spring months.  For 
instance, the month of December has an average historical export rate of 52 cfs for the years 
2005 through 2007.  The estimated export rate for December from Study 7.0 is 116 cfs.  The 
historical rate is only 44 percent of the modeled export rate.  Similarly, the historical export rate 
for the month of April (2005 through 2007) is 31 cfs, while the estimate from Study 7.0 is 133 
cfs.  The historical export rate is only 23 percent of the modeled export rate.   
 
During the summer, seasonal pumping rate for the modeled studies 7.0 and 7.1 are not 
substantially different from each other (average rates were 115 cfs and 107 cfs, respectively) but 
both were lower than the future condition modeled in Study 8.0 (135 cfs), a difference of 15 to 
20 percent.  The historical value for the summer season (2005 to 2007) is 109 cfs, relatively 
similar to the modeled current conditions.  NBA diversions are lowest in fall, averaging 101 cfs 
in study 7.0, 99 cfs in study 7.1, and 123 cfs in study 8.0.  The historical pumping rate during the 
fall (2005 to 2007) was 94 cfs.  Modeled NBA diversions are highest during the winter months.  
There was very little difference between Studies 7.0 and 7.1 during the winter.  However, study 
8.0 differed from the other two studies, being greater in December (142 cfs versus 116cfs and 
112 cfs) and lower in January (112 cfs versus 157 cfs and 155 cfs) and February (126 cfs versus 
155 cfs and 154 cfs).  All of the modeled pumping estimates are significantly greater than the 
historical average of 39 cfs for the period between December and February (2005 to 2007).  
Modeling estimates for the spring period also were substantially greater than the historical values 
from 2005 to 2007.  The estimates for Study 8.0 export rates were also greater than those for 
Studies 7.0 and 7.1.  For April, Study 8.0 had a diversion rate of 145 cfs while study 7.0 (133 
cfs) and Study 7.1 (128 cfs) were lower, a difference of approximately 10 percent.  For May, 
Study 8.0 also had a diversion rate of 145 cfs, which is approximately 25 percent higher than the 
estimated rates for Studies 7.0 and 7.1 (both 116 cfs).  Study 8.0 estimated an export rate of 148 
cfs for June, approximately 18 percent higher than the estimates for Study 7.0 (126 cfs), and 
Study 7.1 (123 cfs).  The historical export rate for the spring period between 2005 and 2007 was 
36 cfs. 
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Under the current operating parameters, the projects must comply with California State Water 
Resources Control Board (SWRCB) D-1641 limitations on the ratio of project exports to the 
volume of water entering the Delta during the year.  This is termed the E/I ratio.  The E/I ratio 
regulates the proportion of water that can be exported by the CVP and SWP in relation to the 
water that is entering the Delta and is thus available for export.  During the summer and fall, E/I 
ratios are permitted to be higher (a maximum of 65 percent July through December) and 
therefore pumping rates are increased, allowing the facilities the flexibility to maximize exports 
(within the constraints of D-1641 and other regulatory limits) during the lower summer and fall 
Delta inflows.  The E/I ratio is restricted to a 35 percent maximum during the February through 
June period when Delta inflows are typically higher.  However, the actual volume of exports can 
increase significantly when the inflow volumes are high, while still maintaining the same overall 
E/I ratio.  Furthermore, the E/I ratio is essentially determined by the flow volume of the 
Sacramento River, which comprises approximately 80 percent of the Delta river inflow.  This 
creates a situation where the near field hydraulic conditions in the central and southern Delta 
waterways are affected to a greater extent than the northern delta waterways due to their 
proximity to the Project’s points of diversion in the South Delta.  The modeling for E/I ratios 
indicate that future operations (Studies 7.1 and 8.0) will have greater E/I ratios during the months 
of December, January, February, April, May and June compared to Studies 6.0 and 7.0, which 
typically allocated EWA assets in these months to decrease pumping levels.  The limited EWA 
conditions in the future do not take any actions to reduce exports in the winter and only 
implement limited actions in the spring (i.e., VAMP).  Both current and future operations show 
increased E/I ratios in the summer months, except during dry and critically dry months, where 
the future models show decreases in some years.  The CVP/SWP operations BA indicates that 
this is due to low reservoir storage or water quality issues, such as salinity, limiting the ability to 
pump.  The modeling results indicate that due to the increased E/I ratios, the waterways of the 
South and Central Delta will experience more situations where flows towards the pumps are 
enhanced than under the current operating conditions. 
 
In summary, historical average annual Delta inflow (1980 – 1991) is approximately 28 MAF 
(DWR 1995).  Current operations divert approximately 6 to 8 MAF of water annually from the 
Delta (DWR 1995, CALFED 2008, State of California 2008).  The modeling completed for the 
CVP/SWP operations BA indicates that Delta inflows will decrease approximately 200 to 300 
TAF annually under the future conditions beyond those already occurring under the current 
operational scenario.  The historical inflow has already been reduced by upstream water 
diversions to meet current demands in the Central Valley.  The additional upstream withdrawals 
act on top of these withdrawals, thus further diminishing the volume of water reaching the Delta.   
 
Likewise, annual Delta outflow will decrease approximately 300 to 400 TAF under the future 
operations as compared to the current operations (21 MAF).  Most of this decrease will occur in 
the winter and spring due to limited EWA resources to decrease pumping levels during this time 
period.  This exacerbates an already adverse situation for listed salmonids and green sturgeon 
created by the current CVP and SWP operations which have elevated winter/spring export levels.  
This period of elevated exports in winter and spring occurs during the season in which most 
salmonid runs emigrate through the Delta, as described in the environmental baseline.  The lack 
of data for juvenile and sub-adult green sturgeon makes the effects determination less clear for 
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this species of fish.  Under the proposed action, the CVP will increase its pumping limits from 
4,200 cfs to 4,600 cfs in response to the proposed intertie between the Delta-Mendota Canal and 
the California Aqueduct.  Reclamation intends to maximize its pumping capacity between 
November and January by utilizing the 4,600 cfs capacity to its fullest extent.  This will result in 
higher future pumping levels during this time period compared to the current operations, which 
will increase the exposure of early migrating salmonids to the effects of the exports.  Modeling 
of future conditions also indicates that pumping will decrease, on average, in March and April.  
Future conditions also indicate that pumping in May will increase over current levels following 
the VAMP reductions, ultimately resulting in less protection for fish.  This action will curtail the 
extent of post-VAMP shoulders.  The future conditions also indicate that pumping will be 
increased, on average, during the summer in wet years compared to current operations.  The 
modeling for the future SWP operations indicates that it will increase its exports in the months of 
December, January, and February to the greatest extent possible within the constraints of the 
regulatory environment.  The rationale offered is that since it has limited EWA assets, the SWP 
will not be able to make any reductions in pumping for fish-related actions, which would 
normally be offset by EWA assets.  The future modeling results also indicate that pumping rates 
will frequently be over 7,000 cfs during these months and as high as 8,000 cfs when San Joaquin 
River flows permit the additional capacity.  Furthermore, average pumping rates are forecast to 
be higher during the December through May period than current averages, with less reductions 
occurring in April and May for VAMP due to less EWA assets available for fish protection 
measures. 
 
This change in the export regime increases the vulnerability of listed salmonids emigrating 
through the Delta.  The effects on listed green sturgeon are less clear due to the more ambiguous 
period of juvenile emigration into the Delta.  Currently, the CVP and SWP have elevated export 
schedules during the early winter and late spring period (except for the period encompassing the 
VAMP experiment) to take advantage of higher flows of water passing through the Delta.  The 
result of this export paradigm is that listed salmonids emigrating through the Delta with these 
flows are exposed to the increased exports.   
 
The Federal use of the SWP facilities will amount to approximately 80 TAF per year, and will 
change little between the current and future conditions.  Maximal usage of the SWP facilities by 
Reclamation will occur during the summer months and may result in an increase of up to 1,000 
cfs of pumping in years with above normal hydrology, but is more likely to range between 400 
and 600 cfs.  The E/I ratios are more likely to be higher, on average, in the future compared to 
current operations, particularly during the critical salmonids migration months of December, 
January, February, April, May, and June.  The explanation offered in the CVP/SWP operations 
BA is that the limited EWA assets will preclude pumping reductions to benefit fish. 
 
6.6.2.3  Assess Species Exposure 
 
The Sacramento-San Joaquin Delta (figure 5-23) serves as the gateway through which all listed 
anadromous species in the Central Valley must pass through on their way to spawning grounds 
as adults or returning to the ocean as juveniles, or post-spawn steelhead and green sturgeon 
adults.  For the purposes of this analysis, “exposure” is defined as the temporal and spatial co-



occurrence of adult and juvenile (smolts and fry) life stages of the four listed species and the 
stressors associated with the proposed action.  The temporal and spatial occurrence of each of the 
runs of Chinook salmon, CV steelhead, and green sturgeon in the Delta is intrinsic to their 
natural history and the exposure to the proposed action can be anticipated based on their timing 
and location. 
 
6.6.2.3.1  Temporal Occurance 
 
Table 6-27 provides the temporal distribution of listed anadromous fish species within the Delta. 
 
Table 6-27.  Temporal distribution of anadromous fish species within the Delta (KL = Knights Landing,  
FW = Fremont Weir). 

 
 
6.6.2.3.1.1  Winter-Run 
 
Adult winter-run first enter the San Francisco Bay Estuary from the Pacific Ocean starting in 
November.  Adults continue to enter the bay throughout the winter months and into late spring 
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(May/June), passing through the Delta region as they migrate upriver towards their spawning 
grounds below Keswick Dam (CVP/SWP operations BA; USFWS 2001, 2003). 
 
The main pulse of emigrating juvenile winter-run from the upper Sacramento River enter the 
Delta in December and January and can extend through April, depending on the water year type.  
Beach seines and mid-water trawls on the mainstem Sacramento River near the City of 
Sacramento indicate that some fish enter the Delta as early as mid-November and early 
December (USFWS 2001, 2003).  Monitoring by the USFWS at Chipps Island in the western 
Delta indicates that winter-run are detected leaving the Delta from September through June, with 
a peak in emigration occurring in March and April.  This peak in emigration timing is supported 
by the pattern of recoveries of winter-run sized Chinook salmon at the SWP’s Skinner Fish 
Protection Facility and the CVP’s Tracy Fish Collection Facility (TFCF) in the South Delta.  In 
addition to the seasonal component of juvenile emigration, distinct increases in recovered fish 
appear to be correlated with high precipitation events and increases in-river flow and turbidity 
following rain events (USFWS 2001, 2003).  Based on analysis of scales, winter-run smolts enter 
the ocean environment at an average fork length of 118 mm, indicating a freshwater residence 
time of approximately 5 to 9 months, most of which is presumed to occur upstream between 
RBDD and the Delta. 
 
Juvenile winter-run are present in the waterways of the North Delta (i.e., Sacramento River, 
Steamboat Slough, Sutter Slough, Miner Slough, and Cache Slough complex), Central Delta 
(Georgiana Slough, DCC, Snodgrass Slough, and Mokelumne River complex below Dead Horse 
Island), South Delta leading to the CVP and SWP pumping facilities including Old and Middle 
Rivers, and the interconnecting waterways between these main channels such as Victoria Canal, 
Woodward Canal, and Connection Slough, and the western Delta including the main channels of 
the San Joaquin and Sacramento rivers and Three Mile Slough.  NMFS does not anticipate 
seeing adult winter-run upstream of Middle River on the San Joaquin River mainstem or within 
the waterways of the South Delta in any appreciable numbers.  NMFS does not anticipate seeing 
any significant numbers of juvenile winter-run in the Eastern Delta near Stockton (i.e., White 
Slough, Disappointment Slough, Fourteenmile Slough), or the mainstem of the San Joaquin 
River upstream of Columbia and Turner Cuts.  Presence of winter-run adults and juveniles may 
occur in other parts of the Delta not described above. 
 
6.6.2.3.1.2  Spring-Run 
 
Adult spring-run enter the San Francisco Bay Estuary from the ocean in January to late February.  
They move through the Delta prior to entering the Sacramento River system.  Spring-run show 
two distinct juvenile emigration patterns in the Central Valley.  Fish may either emigrate to the 
Delta and ocean during their first year of life as YOY, typically in the following spring after 
hatching, or hold over in their natal streams and emigrate the following fall as yearlings.  
Typically, yearlings enter the Delta as early as November and December and continue to enter 
the Delta through at least March.  They are larger and less numerous than the YOY smolts that 
enter the Delta from January through June.  The peak of YOY spring-run presence in the Delta is 
during the month of April, as indicated by the recoveries of spring-run size fish in the CVP and 
SWP salvage operations and the Chipps Island trawls.  Frequently, it is difficult to distinguish 
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the YOY spring-run outmigration from that of the fall-run due to the similarity in their spawning 
and emergence times.  The overlap of these two runs makes for an extended pulse of Chinook 
salmon smolts through the Delta each spring, frequently lasting into June. 
 
Juvenile spring-run are present in the same waterways as winter-run in the North Delta, Central 
Delta, South Delta, and the interconnecting waterways, including the main channels of the San 
Joaquin and Sacramento rivers and Three Mile Slough.  NMFS does not anticipate seeing any 
significant numbers of juvenile spring-run in the Eastern Delta  or the mainstem of the San 
Joaquin River upstream of Columbia and Turner Cuts. 
 
6.6.2.3.1.3  CV Steelhead 
 
Adult steelhead have the potential to be found within the Delta during any month of the year.  
Unlike Chinook salmon, steelhead can spawn more than once, so post-spawn adults (typically 
females) have the potential to move back downstream through the Delta after completing their 
spawning in their natal streams.  These fish are termed runbacks or kelts.  Typically, adult 
steelhead moving into the Sacramento River basin begin to enter the Delta during mid to late 
summer, with fish entering the Sacramento River system from July to early September.  Kelts are 
typically seen later in the spring following spawning.  Steelhead entering the San Joaquin River 
basin are believed to have a later spawning run.  Adults enter the system starting in late October 
through December, indicating presence in the Delta a few weeks earlier.  Typically water quality 
in the lower San Joaquin River is marginal during this time, with elevated water temperatures 
and low DO levels presenting barriers to upstream migration.  Early winter rains help to break up 
these barriers and provide the stimulus to adult steelhead holding in the Delta to move up river 
towards their spawning reaches in the San Joaquin River tributaries.  Fish may continue entering 
the system through the winter months.  Juvenile steelhead are recovered in the USFWS Chipps 
Island trawls from October through July.  There appears to be a difference in the emigration 
timing between wild and hatchery-reared steelhead smolts.  Adipose fin-clipped hatchery fish are 
typically recovered at Chipps Island from January through March, with the peak in recoveries 
occurring in February and March.  This time period corresponds to the schedule of hatchery 
releases of steelhead smolts from the different Central Valley hatcheries (Nobriga and Cadrett 
2003, CVP/SWP operations BA).  The timing of wild steelhead (unclipped) emigration is more 
spread out.  Emigration occurs over approximately 6 months, with peaks in February and March, 
based on salvage records at the CVP and SWP fish collection facilities.  Individual unclipped 
fish first begin to be collected in fall and early winter, and may extend through early summer 
(June and July).  Wild fish that are collected at the CVP and SWP facilities late in the season 
may be from the San Joaquin River system, based on the proximity of the basin to the pumps and 
the timing of the spring pulse flows in the tributaries (April-May).  The size of emigrating 
steelhead smolts typically ranges from 200 to 250 mm in length, with wild fish tending to be at 
the upper end of this range (Nobriga and Cadrett 2003, CVP/SWP operations BA). 
 
Given the multiple points of entry into the Delta system, CV steelhead are likely to be found in 
any of the waterways of the Delta, but particularly in the main channels leading to their natal 
river systems. 
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6.6.2.3.1.4  Southern DPS of Green Sturgeon 
 
Adult green sturgeon enter the San Francisco Bay estuary in early winter (January/February) 
before initiating their upstream spawning migration into the Delta.  Adults move through the 
Delta from February through April, arriving in the upper Sacramento River between April and 
June (Heublein 2006, Kelly et al. 2007).  Following their initial spawning run upriver, adults 
may hold for a few weeks to months in the upper river (i.e., GCID aggregation site; see Vogel 
2005, 2008) or immediately migrate back down river to the Delta.  Those fish that hold upriver 
move back downstream later in the fall.  Radio-tagged adult green sturgeon have been tracked 
moving downstream from the GCID aggregation site past Knights Landing during the summer 
and fall into November and December, following their upstream migrations the previous spring.  
It appears that pulses of flow in the river “trigger” downstream migration in the late fall, similar 
to behavior exhibited by adult green sturgeon on the Rogue and Klamath River systems 
(Erickson et al. 2002, Benson et al. 2007). 
 
Adults and sub-adults may also reside for extended periods in the western Delta as well as in 
Suisun and San Pablo bays.  Like other estuaries along the west coast of North America, adult 
and sub-adult green sturgeon (from both Northern and Southern DPSs) frequently congregate in 
the tidal portions of the San Francisco Bay estuary during the summer and fall.  It is not known 
exactly why these congregations occur, but they do not appear to be related to spawning 
activities, as most fish do not move upriver out of tidewater.  Based on radio and acoustic tag 
data gathered to date from adult green sturgeon, fish that spawn in one river system do not spawn 
in other river systems.   
 
Juveniles are believed to use the Delta for rearing for the first 1 to 3 years of their life before 
moving out to the ocean.  Green sturgeon are likely to be found in the main channels of the Delta 
and the larger interconnecting sloughs and waterways, with western Delta waterways having a 
higher likelihood of presence than eastern Delta waterways.  Juveniles are recovered at the SWP 
and CVP fish collection facilities year round and range in size from 136 mm to 774 mm, with an 
average size of 330 mm. 
 
6.6.2.3.2  Spatial Distribution 
 
6.6.2.3.2.1 Winter-Run 
 
The main adult winter-run migration route through the Delta region is believed to be the 
mainstem of the Sacramento River.  However, there is the potential for adults to “stray” into the 
San Joaquin River side of the Delta while on their upstream migration, particularly early in the 
migratory season (November and December).  Significant amounts of Sacramento River water 
flow into the San Joaquin River side of the Delta through the DCC (when open in November, 
December, and January), Georgiana Slough, and Three Mile Slough.  These sources of 
Sacramento River water can create false attraction into the lower San Joaquin River.  Adult 
winter-run that choose this path would be delayed in their upstream migration while they mill in 
the lower San Joaquin River, searching for the distinctive olfactory cues of the Sacramento 
River.  Adults could re-enter the Sacramento River through Georgiana Slough or the Delta 
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reaches of the Mokelumne River system when the DCC is open.  The extent of this delay and the 
proportion of adults moving into the lower San Joaquin River are unknown.  Adult winter-run do 
not typically inhabit the San Joaquin River mainstem upstream of Middle River or within the 
waterways of the South Delta in any appreciable numbers (Yoshiyama et al. 1996, 1998, 2001. 
 
Juvenile winter-run are present in the waterways of the North Delta (i.e., Sacramento River, 
Steamboat Slough, Sutter Slough, Miner Slough, and Cache Slough complex), Central Delta 
(Georgiana Slough, DCC, Snodgrass Slough, and Mokelumne River complex below Dead Horse 
Island), South Delta leading to the CVP and SWP pumping facilities including Old and Middle 
Rivers, and the interconnecting waterways between these main channels such as Victoria Canal, 
Woodward Canal, and Connection Slough, and the western Delta including the main channels of 
the San Joaquin and Sacramento rivers and Three Mile Slough.  Juvenile winter-run do not 
typically inhabit the channels of the Eastern Delta near Stockton (i.e., White Slough, 
Disappointment Slough, Fourteenmile Slough), or the mainstem of the San Joaquin River 
upstream of Columbia and Turner Cuts. 
 
6.6.2.3.2.2  Spring-Run 
 
Currently, the only recognized populations of spring-run occur in the Sacramento River basin.  
Historical populations that occurred in the river basins to the south (i.e., southern Sierra 
watersheds) have been extirpated.  The main migration route for adult spring-run is the 
Sacramento River channel through the Delta.  Similar to winter-run, adults may stray into the 
San Joaquin River side of the Delta due to the inflow of Sacramento River basin water through 
one of the interconnecting waterways branching off of the mainstem Sacramento River towards 
the San Joaquin River.  Starting in February, the closure of the DCC radial gates minimizes the 
influence of this pathway, but flows in the channels of Georgiana and Three Mile Slough provide 
sufficient flows of water to the San Joaquin River to induce straying from “spurious” olfactory 
cues present in these waterways. 
 
Juvenile spring-run are present in the same waterways as winter-run in the North Delta, Central 
Delta, South Delta and the interconnecting waterways, including the main channels of the San 
Joaquin and Sacramento rivers and Three Mile Slough.  Juvenile spring-run do not typically 
inhabit the channels of the Eastern Delta or the mainstem of the San Joaquin River upstream of 
Columbia and Turner Cuts. 
 
6.6.2.3.2.3  CV Steelhead 
 
Populations of CV steelhead occur throughout the watersheds of the Central Valley; however, 
the primary population source occurs within the watersheds of the Sacramento River basin.  
Small, apparently self-sustaining populations of steelhead exist in the Mokelumne River system 
(although influenced by the Mokelumne River Hatchery steelhead program), the Calaveras River 
(natural) and the Stanislaus River (natural).  Furthermore, otilith microchemistry analysis has 
shown that juvenile O. mykiss collected from the Tuolumne and Merced rivers had maternal 
steelhead origins (Zimmerman et al. 2008).  Upstream migrating adult steelhead enter both the 
Sacramento River basin and the San Joaquin River basin through their respective mainstem river 
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channels.  Adult steelhead entering the Mokelumne River system (including Dry Creek and the 
Cosumnes River) and the Calaveras River system are likely to move up the mainstem San 
Joaquin River channel before branching off into the channels of their natal rivers.  It is also likely 
that some adult steelhead bound for the San Joaquin River system may detour through the South 
Delta waterways and enter the San Joaquin River through the Head of Old River near Mossdale.  
However, due to the number of potential routes, the early entrance of adults into the Delta, and 
the potential for the DCC to remain open for a substantial portion of the upstream spawning 
migration, the “actual” route that an adult steelhead follows before committing to its natal 
watershed could be quite complex.  Therefore, adult steelhead could be in any of the larger 
channels in the Delta region during their spawning migrations.  Likewise, steelhead kelts could 
also be found in any of the channels of the Delta during their return to the ocean.  Data for this 
particular life stage is lacking. 
 
Outmigrating steelhead smolts enter the Delta primarily from the Sacramento River (North Delta 
region) and from the San Joaquin River (South Delta region).  Steelhead smolts from the 
Mokelumne River system and the Calaveras River system enter the Eastern Delta.  The 
Mokelumne River fish can either follow the north or south forks of the Mokelumne River 
through the Central Delta before entering the San Joaquin River at RM 22.  Some fish may enter 
the San Joaquin River farther upstream if they diverge from the South Fork of the Mokelumne 
River into Little Potato Slough.  Fish from the Calaveras River enter the San Joaquin River 
downstream of the Port of Stockton near RM 38.  Steelhead smolts from the San Joaquin River 
basin enter the Delta at Mossdale.  Prior to the installation of the Head of Old River Barrier 
(HORB) on approximately April 15 (start of VAMP), steelhead smolts exiting the San Joaquin 
River basin can follow either of two routes to the ocean.  Fish may either stay in the mainstem of 
the San Joaquin River and move northwards towards the Port of Stockton and the Central Delta, 
or they may enter the South Delta through the Head of Old River and move northwards towards 
the lower San Joaquin River through Old and Middle rivers and their associated network of 
channels and waterways.  When the HORB is not installed, approximately 50 percent of the San 
Joaquin River flow is directed into Old River.  This percentage increases if the CVP and SWP 
are pumping at elevated levels.  In fact, in low flow conditions with high pumping rates, the net 
flow in the mainstem of the San Joaquin between the Port of Stockton and Old River may 
reverse direction and flow upstream into the Head of Old River.  When the HORB is installed, 
flow in the San Joaquin River is retained in the mainstem and fish are directed northwards 
towards the Port of Stockton and eventually through the Central Delta.  Given the multiple points 
of entry into the Delta system, CV steelhead are likely to be found in any of the waterways of the 
Delta, but particularly in the main channels leading to their natal river systems. 
 
6.6.2.3.2.4  Southern DPS of Green Sturgeon 
 
Adult green sturgeon are presumed to primarily use the mainstem of the Sacramento River 
through the Delta when making their upstream spawning migrations.  During high water 
conditions that result in the flooding of the Yolo bypass, adult green sturgeon may also utilize 
the floodplain of the Yolo bypass to move northwards from Cache Slough to the Sacramento 
River at Fremont Weir.  During other times of the year, green sturgeon may be present in any of 
the waterways of the Delta, based on sturgeon tag returns.  The draft report on the 2007 CDFG 
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Sturgeon Fishing Report Card (CDFG 2008) indicates that 311 green sturgeon were reported 
caught by sport anglers during 2007.  Green sturgeon were caught in both the mainstem of the 
San Joaquin River between Sherman Island and Stockton (48 fish) and between Rio Vista and 
Chipps Island (62 fish), with most catches occurring in the fall, although fish were caught 
throughout the year in both reaches.  Additional green sturgeon were caught and released in 
Suisun (30), Grizzly (14), and San Pablo (20) bays, as well as between Rio Vista and Knights 
Landing in the Sacramento River (16). 
 
Juvenile and sub-adult green sturgeon are also found throughout the waters of the Delta.  They 
have been recovered at the CVP and SWP fish collection facilities and from areas on the San 
Joaquin River near San Andreas Shoals. 
 
6.6.2.4  Assess Species Response to the Proposed Action 
 
6.6.2.4.1  Direct Entrainment Due to Exports 
 
6.6.2.4.1.1  Tracy Fish Collection Facility - Current and Future Operations 
 
The TFCF is located in the southwest portion of the Sacramento-San Joaquin Delta near the City 
of Tracy and Byron.  It uses behavioral barriers consisting of primary and secondary louvers to 
guide entrained fish into holding tanks before transport by truck to release sites within the Delta.  
The original design of the TFCF focused on smaller fish (<200 mm) that would have difficulty 
fighting the strong pumping plant-induced flows, since the intake is essentially open to the Delta 
and also impacted by tidal action. 
 
The primary louvers are located in the primary channel just downstream of the trashrack 
structure.  The secondary louvers are located in the secondary channel just downstream of the 
traveling debris screen.  The primary louvers allow water to pass through into the main Delta-
Mendota intake channel and continue towards the Bill Jones Pumping Plant located several miles 
downstream.  However, the openings between the louver slats are tight enough and angled 
against the flow of water in such a way as to prevent most fish from passing between them and, 
instead, guide them into one of four bypass entrances positioned along the louver arrays.  The 
efficiency of the louver guidance array is dependent on the ratio of the water velocity flowing 
into the bypass mouth and the average velocity in the main channel sweeping along the face of 
the louver panels. 
 
When south Delta hydraulic conditions allow, and within the original design criteria for the 
TFCF, the louvers are operated with the D-1485 objectives of achieving water approach 
velocities for striped bass of approximately 1 foot per second (fps) from May 15 through October 
31, and for salmon of approximately 3 fps from November 1 through May 14.  Channel velocity 
criteria are a function of bypass ratios through the facility.  Due to changes in south Delta 
hydrology over the past 50 years, the present-day TFCF is able to meet these conditions 
approximately 55 percent of the time.  This indicates that 45 percent of the time, the appropriate 
velocities in the primary channel and the corresponding bypass ratio are not being met and fish 
are presumed to pass through the louvers into the main collection channel behind the fish screen 
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leading to the pumps.  The lack of compliance with the bypass ratios during all facility 
operations alters the true efficiency of louver salvage used in the expansion calculations and 
therefore under-estimates loss at the TFCF.  The salvage estimates provided by the TFCF have  
not been recalculated to address these periods of noncompliance when the bypass ratios do not 
meet the specified operating criteria.  The efficiency of the louvers is likely to vary in relation to 
the actual bypass ratio encountered. 
 
Based on the project description, fish passing through the TFCF are required to be sampled for 
periods of no less than 20 minutes at intervals of every 2 hours when listed fish are present.  This 
sampling protocol is expected to be implemented in the future operations of the TFCF.  This is 
generally from December through June.  Currently, sampling intervals are frequently 10 minutes 
every 2 hours, even though this sampling protocol is supposed to be used when listed fish are not 
present.  Fish observed during sampling intervals are identified to species, measured to fork 
length, examined for marks or tags, and placed in the collection facilities for transport by tanker 
truck to the release sites in the North Delta away from the pumps.  Fish may be held for up to 24 
hours prior to loading into the tanker trucks.  Hauling trucks used to transport salvaged fish to 
release sites inject oxygen and contain an eight parts per thousand salt solution to reduce stress.  
The CVP uses two release sites, one on the Sacramento River near Horseshoe Bend and the other 
on the San Joaquin River immediately upstream of the Antioch Bridge.  
 
It has been known for some time that the efficiencies of the TFCF can be compromised by 
changes in hydrology, debris clogging the louvers, the size of the fish being entrained, and the 
number of predators present in the collection facilities (Reclamation 1994, 1995).  The louvers 
were originally designed for fish >38 mm in length.  Studies by Reclamation in 1993 tested three 
size ranges of Chinook salmon for primary, secondary, and overall louver efficiency.  The test 
fish ranged in size from 58 mm to 127 mm with the averages of the three test groups being 74.3, 
94.0, and 97.5 mm in length.  The average efficiency of the primary louvers at the TFCF was 
found to be 59.3 percent (range: 13 - 82 percent) and the secondary louvers averaged 80 percent 
(range: 72 - 100 percent) for Chinook salmon.  Overall efficiency averaged 46.8 percent (range 
12 - 71.8 percent) for Chinook salmon.  Recent studies (Reclamation 2008) have indicated that 
under the low pumping regimen required by the VAMP experiment, primary louver efficiencies 
(termed capture efficiencies in the report since only one bypass was tested) can drop to less than 
35 percent at the TFCF.  The reductions in pumping create low velocities in the primary channel, 
and the necessary primary bypass ratios (>1) cannot be maintained simultaneously with the 
secondary channel velocities (3.0 to 3.5 fps February 1 through May 31) required under D-1485.  
These study results indicate that loss of fish can potentially increase throughout the entire louver 
system if the entire system behaves in a similar way as the test section performed in the 
experiments.  Screening efficiency for juvenile green sturgeon is unknown, although apparently 
somewhat effective given that green sturgeon, as well as white sturgeon, have been collected 
during fish salvage operations.  Studies by Kynard and Horgan (2001) tested the efficiency of 
louvers at guiding yearling shortnose sturgeon (Acipenser brevirostrum) and pallid sturgeon 
(Scaphirhynchus albus) under laboratory conditions.  They found that louvers were 96 to 100 
percent efficient at guiding these sturgeon species past the experimental array and to the flume 
bypass.  However, both sturgeon species made frequent contacts with the louver array with their 
bodies while transiting the louver array.  The authors also found that sturgeon would rest at the 
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junction between the louver array and the tank bottom for extended periods.  This behavior may 
degrade the effectiveness of the louver array to guide fish towards the bypass. 
 
In light of the data from the screen efficiency studies, the overall efficiency of the screens for 
Chinook salmon (46.8 percent) is approximately 62 percent of the “nominal” value of 75 percent 
efficient, the previously believed efficiency of the louvers.  Bates and Jewett (1961 op. cit. 
Reclamation 1995) found the secondary louvers of the TFCF to be approximately 90 percent 
efficient for young Chinook salmon (> 38 mm in length), while Hallock et al. (1968) reported 
that the primary louvers had an efficiency of approximately 85 percent for similar-sized fish.  
This gives an overall efficiency of approximately 75 percent (0.90 x 0.85 = 0.765), which has 
been used in the calculations for determining salvage and loss at the TFCF.  During the VAMP 
experimental period from approximately April 15 to May 15, the potential loss of Chinook 
salmon may be even greater.  The efficiency of the primary louvers may only be 44 percent of 
the “standard” 80 percent efficiency originally claimed based on the 35 percent “capture” 
efficiency found in the low flow studies recently completed (Reclamation 2008).  This 
essentially doubles the loss of fish moving through the screens due to the reduction in louver 
efficiency.  It is likely that juvenile green sturgeon are also affected in a similar fashion as lower 
flows increase the potential for fish to slip through the angled louvers rather than being guided to 
the bypasses. 
 
Currently, the louvers are cleaned from once to three times a day, depending on the debris load 
in the water.  The salvage efficiency is significantly reduced during the louver cleaning process.  
During cleaning of the primary louvers, each one of the 36 individual louver panels is lifted by a 
gantry and cleaned with a stream of high-pressure water.  The removal of the louver plate leaves 
a gap in the face of the louver array approximately 8 feet wide by 20 feet tall.  The main pumps 
at the Bill Jones Pumping Plant continue to run during this process, pulling water through the 
gap in the louver array at a high velocity.  The cleaning process for the primary array can take up 
to 3 hours to complete, during which time the efficiency of the louver system to screen fish is 
severely compromised.  Similarly, the secondary louvers require that the four bypasses be taken 
off line to facilitate the cleaning of the louvers in the secondary channel.  This process takes 
approximately 45 minutes to complete.  When the bypasses are taken off line, fish are able to 
pass through the primary louvers due to the high primary channel velocity, which is often greater 
than the swimming capacity of the fish, pushing them through the louvers.  Depending on the 
frequency of cleaning, screen efficiency is compromised from approximately 4 hours to 12 hours 
(1 to 3 cleaning cycles) per day, and substantial errors in the number of fish salvaged are likely 
to occur.  Green sturgeon are also likely to be affected in a similar fashion by the removal of the 
louver screens during cleaning, perhaps even to a greater extent, since any gap along the bottom 
of the louver array where the louver panel comes in contact with the channel bottom could 
provide an access point to pass downstream of the louvers.  Debris or sediment buildup could 
provide such a gap. 
 
In response to the 2004 CVP/SWP operations Opinion issued by NMFS, Reclamation is 
conducting, or has proposed to conduct, studies designed to address the loss of listed fish caused 
by the louver cleaning operation (Evaluation of the percent loss of salmonid salvage due to 
cleaning the primary and secondary louvers at the TFCF.  B. Bridges; principle investigator.  



 344

Report was scheduled to be completed by 2008), formulate alternative cleaning operations 
(Design and evaluation of louvers and louver cleaners.  B. Mefford, R. Christensen, D. Sisneros, 
and J. Boutwell, principle investigators.  Report was scheduled to be completed by 2008), and 
investigate the impacts of predators on juvenile Chinook salmon and Delta smelt in the primary 
channel (Predator impacts on salvage rates of juvenile Chinook salmon and Delta smelt.  R. 
Bark, B. Bridges, and M.D. Bowen, principle investigators.  This report is due in 2010).  
However, the project description does not contain any commitment to address these deficiencies 
and it may be several years before these reports and their proposed remedies transform the 
operations of the TFCF. 
 
The TFCF will primarily have direct impacts on emigrating salmonids during their juvenile and 
smolt life history stages, as well as juvenile green sturgeon rearing in the south Delta region.  
These life history stages are vulnerable to the entrainment effects of the pumping actions of the 
Bill Jones Pumping Facility, which draws water from the channels of the South Delta to supply 
the Delta-Mendota Canal and furnish water to the CVP’s water contractors south of the Delta.  
Adult fish are less susceptible to the effects of the screening process.  However, some adverse 
effects have been observed in association with the trash racks in front of the screens.  Adult fish 
cannot fit through the narrow gap between the steel slats on the trash rack.  This serves as a 
physical barrier to their passage.  Observations of sea lions “corralling” adult fall-run in front of 
the TFCF trash rack have been observed by TFCF staff and a NMFS biologist.  In addition, adult 
sturgeon in moribund conditions have been observed impinged upon the trash rack.  The 
causative factor for the sturgeon’s initial condition is unknown, but the fish eventually perish 
against the racks unless rescued and rehabilitated in the aquaculture facility at the TFCF.  
Predation by sea lions on sturgeon at the TFCF has not been observed to the best of NMFS’ 
knowledge.  The anticipated effects of the screening operation upon juvenile salmon and smolts 
are the direct loss of fish through the louvers.  Based upon the information already presented 
above, this could be more than half of the fish that encounter the screens initially (46.8 percent 
overall louver efficiency during normal operations, <35 percent overall efficiency during VAMP 
operations, potential total failure during screen cleaning operations).  Fish that pass through the 
louver array are lost forever to the population.  This loss represents not only the loss of 
individual fish, but a decline in the population abundance as a whole, as these fish represent the 
survivors of the initial downstream emigration from the spawning areas upstream to the Delta, a 
journey with its own intrinsically high rate of mortality.  The initial loss of fish emigrating 
downstream in the Sacramento River may be potentially as high as 80 percent based on 
MacFarlane’s (2008) acoustic tagging study.  There is additional loss of these fish as they cross 
the Delta and arrive at the fish collection facilities.   
 
Salmonids and sturgeon that are successfully screened still face adverse factors during the 
collection phase of the screening process.  The physical process of screening exposes the fish to 
sustained flows along the face of the louver array, to which the fish will typically try to swim 
against before being entrained into the bypass orifice.  Once entrained into the primary bypass, 
the fish is carried in a dark turbulent flow through the bypass pipeline to the secondary screening 
channel, where it is again screened by louvers into a second pipeline that finally discharges to the 
holding tanks for final collection and salvage.  During this process, the fish are subjected to 
turbulent flows, encounters with the walls of the pipeline and screening channels, debris in the 
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flow stream, and predators.  This creates stressful conditions for the fish and reduces its 
physiological condition.  These external stressors lead to the release of stress hormones (i.e., 
catecholamines and corticosteroids) from the fish’s endocrine system.  Following the release of 
these stress hormones, a stage of resistance occurs, during which the stress hormones induce 
changes in the physiological processes in the fish that either help repair any damage (e.g., if the 
stressor caused a physical injury) or help the animal adapt to the stressors (e.g., if the stressor is a 
change in environmental conditions like temperature or turbulence) by changing the rate of body 
functions beyond the “normal” range.  If adaptation to the stressors is not possible, because of 
either the severity or prolongation of the challenge, exhaustion ensues followed by permanent 
malfunctioning, possibly disease, and ultimately death to the exposed fish (Fagerlund et. al. 
1995).  In other words, delayed responses to the stress of screening are very likely, and could 
lead to ultimate morbidity or mortality subsequent to the collection procedure.  Due to the short 
period of “observation” of collected fish during the collection, handling, trucking and release 
(CHTR) process, the ultimate fate of the salvaged fish following release is unknown, particularly 
in the open Delta/ocean environment following release where additional environmental stressors 
are present and to which the emigrating fish will be exposed.  The CHTR process will be 
described in more detail in a following section. 
 
Based upon the projected increases in pumping rates modeled in the near future and future 
conditions (Studies 7.1 and 8.0), the number of fish entrained at the pumps is predicted to 
increase in proportion to the pumping increases and thus in general be greater than current levels, 
particularly in the early winter (December through February) and during the VAMP experiment.  
Furthermore, the proportion of fish salvaged may be overestimated while those lost to the system 
are likely to be underestimated using the current values for screening efficiencies (75 percent) 
rather than the 46.8 percent overall efficiency determined in the 1995 studies and the recent 
VAMP period studies (Reclamation 2008).  This would indicate that the TFCF has a greater 
adverse impact than currently acknowledged.  Specific effects to listed salmonid ESUs will be 
discussed in the salvage section below. 
 
6.6.2.4.1.2  John E. Skinner Fish Protection Facilities – Current and Future Operations 
 
The John E. Skinner Fish Protection Facility was built in the 1960s and designed to prevent fish 
from being entrained into the water flowing to the Harvey O. Banks Pumping Facility, which 
lifts water from the inlet canal into the California Aqueduct.  The fish screening facility was 
designed to screen a maximum flow of 10,300 cfs.  Water from the Delta is first diverted into 
Clifton Court Forebay, a large artificially flooded embayment that serves as a storage reservoir 
for the pumps, prior to flowing through the louver screens at the Fish Protection Facility.  After 
water enters the forebay through the radial gates, it first passes a floating debris boom before 
reaching the trashrack.  The floating debris boom directs large floating material to the conveyor 
belt that removes the floating material for disposal in an upland area.  Water and fish flow under 
the floating boom and through a trashrack (vertical steel grates with 2-inch spacing) before 
entering the primary screening bays.  There are 7 bays, each equipped with a flow control gate so 
that the volume of water flowing through the screens can be adjusted to meet hydrodynamic 
criteria for screening.  Each bay is shaped in a “V” with louver panels aligned along both sides of 
the bay.  The louvers are comprised of steel slats that are aligned 90 degrees to the flow of water 
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entering the bay with 1-inch spacing between the slats.  The turbulence created by the slats and 
water flowing through the slats guides fish to the apex of the “V” where bypass orifices are 
located.  Fish entrained into the bypass orifice are carried through underground pipes to a 
secondary screening array.  The older array uses the vertical louver design while the newer array 
uses a perforated flat plate design.  Screened fish are then passed through another set of pipes to 
the holding tanks.  Fish may be held in the holding tanks for up to 8 hours, depending on the 
density of salvaged fish and the presence of listed species. 
 
Like the TFCF, the louvers are not 100 percent efficient at screening fish from the water flowing 
past them.  Louver efficiency is assumed to be approximately 75 percent (74 percent, DWR 
2005b) for calculating the loss through the system, although this value may eventually be shown 
to be incorrect (see TFCF discussion).  Recent studies examining pre-screen predation in Clifton 
Court Forebay on steelhead smolts (DWR 2008) have tracked a tagged steelhead through the 
screens into the inlet channel leading to the Banks Pumping plant and then back into the forebay 
by the trash boom.  This passage through the louvers occurred during a period of low pumping 
rates, indicating that this steelhead was able to negotiate the louvers and the water velocities 
flowing through it in both directions.  Like the TFCF, the individual louver panels are lifted by a 
gantry crane from their position in the louver array and cleaned with high-pressure water stream 
to remove debris and vegetation that clog the louver slats.  However, flow into each bay can be 
manipulated or turned off, thereby reducing potential loss through open louver racks.  
Nevertheless, it should be noted that any fish within the bay following the closure of the bay 
during cleaning would be vulnerable to loss through the open louver panel slots.  This may be of 
greater concern for sturgeon based on their behavioral response to the louvers as previously 
described. 
 
The Skinner Fish Protection Facility will primarily have direct impacts on emigrating salmonids 
during their juvenile and smolt life history stages, although adult salmon, steelhead, and sturgeon 
(both white and green) are also likely to be entrained into the forebay (adult striped bass move 
freely into and out of the forebay when hydraulic conditions at the radial gates permit it).  Adult 
and juvenile sturgeon have been observed in the forebay and juveniles appear in the fish salvage 
collections.  These juvenile salmonid life history stages are vulnerable to the entrainment effects 
of the pumping actions of the Harvey O. Banks Pumping Facility, which draws water from the 
channels of the South Delta to supply the California Aqueduct and furnish water to the SWP’s 
water contractors.  The anticipated effects of the screening operation are the direct loss of fish 
through the louvers.  As discussed for the TFCF, this loss represents not only the loss of 
individual fish, but a decline in the Chinook salmon population abundance as a whole due to the 
loss of several hundred to several thousand individual fish annually at the SWP facilities.  These 
fish represent the survivors of the initial downstream emigration from the upstream spawning 
areas to the Delta.  This journey has its own intrinsically high rate of mortality.  Overall loss 
during this portion of the emigration to the ocean may be potentially as high as 80 percent based 
on MacFarlane’s (2008) acoustic tagging study.  There is additional loss of these fish as they 
cross the Delta and arrive at the fish collection facilities, so that only a fraction of the 
downstream emigrating population survives to encounter the screens.  
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As previously described for the TFCF operations, salmonids and sturgeon that are successfully 
screened still face adverse factors during the collection phase of the screening process at the 
Skinner facility.  Like the TFCF, fish are moved through bypass pipelines from the primary 
louvers to the secondary louver and thence to the collection tanks.  Fish are subjected to stressful 
conditions during this phase of the salvage and collection operations.  Following discharge to the 
collection tanks, fish are processed through the CHTR operation and returned to the western 
delta.  Delayed responses to the stress of screening are very likely, as previously described in the 
discussion for the TFCF, and could lead to ultimate morbidity or mortality subsequent to the 
collection procedure (Fagerlund et al. 1995).  Due to the short period of “observation” of 
collected fish during the CHTR process, the ultimate fate of the salvaged fish following release is 
unknown.  The CHTR process will be described in more detail in a following section. 
 
Based upon the projected increases in pumping rates modeled in the near future and future 
conditions (Studies 7.1 and 8.0) for the SWP, the number of fish entrained at the Skinner Fish 
Protection Facility is predicted to increase in proportion to the pumping increases and, thus, in 
general, be greater than current levels, particularly in the early winter (December through 
February) and during the VAMP experiment.  The experimental data indicating that “large” fish, 
such as a steelhead smolt, can pass through the louvers in both directions calls into question the 
stated efficiency of the louvers in screening out fish in the size range of interest for listed 
salmonid species (DWR 2008).  If the stated efficiencies for the louvers are less than expected, 
as appears to be the case for the TFCF, then the numbers of fish salvaged and the numbers of fish 
lost to the system is suspect.  Like the TFCF, the impacts to listed salmonids (and potentially 
green sturgeon) would be greater than anticipated, both currently and in the modeled future.  
Regardless of the actual efficiencies of the louver screens, the increased pumping predicted by 
the modeling scenarios will increase the number of fish lost to the system and increase the 
adverse effects upon listed salmonids in general.  Specific effects to listed salmonid ESUs/DPS 
and green sturgeon will be discussed in the salvage section below. 
 
6.6.2.4.1.3  Clifton Court Forebay Predation Losses 
 
Clifton Court Forebay is operated as a regulating reservoir for the SWP’s Harvey O. Banks 
Pumping Plant in the tidally influenced southern Delta.  The forebay allows the SWP to take in 
water during different portions of the tidal cycle, as permitted by water rights and legal 
constraints, contain the water by closing radial gates at the inlet of the forebay, and subsequently 
operating its pumps more efficiently.  The forebay was created in 1969 by flooding a 2.6-mile by 
2.1-mile tract of agricultural land near Byron, California, creating a 2,200-acre impoundment.  
The five radial gates at the inlet of the forebay leading to Old River are typically opened 
following the peak of the high tide and held open for a portion of the ebb tide when the water 
elevation outside the gates is higher than that inside the gates in the forebay.  Water velocities 
passing through the gates typically approach 14 fps at maximal stage differential, and may for 
brief periods even surpass this.  However, the design criteria for the gates discourage these 
excursions due to scouring through the mouth of the gates and the surrounding channel area.  
Currently, a very deep scour hole (approximately 60 feet deep) has formed just inside the 
forebay, adjacent to the location of the radial gates.  When the gates are open, and the flow of 
water enters the forebay, numerous aquatic species, including many species of fish, are 
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entrained.  Included among these species of fish are Chinook salmon (including endangered 
winter-run and threatened spring-run), threatened CV steelhead, and threatened North American 
green sturgeon from the Southern DPS (DWR 2005, 2008). 
 
Losses of fish entrained into Clifton Court Forebay occur during passage from the radial gates 
across the 2.1 miles of open water in the forebay to the salvage facility.  This is termed pre-
screen loss, and includes predation by fish and birds.  Much of this pre-screen loss is thought to 
be attributable to predation by piscivorous fish, such as striped bass (Gingras 1997, DWR 2008).  
Gingrass (1997) described a series of survival studies conducted in Clifton Court Forebay using 
juvenile Chinook salmon and juvenile striped bass.  Of the 10 studies cited, 8 evaluated losses of 
hatchery-reared juvenile Chinook salmon, and 2 evaluated losses of hatchery-reared juvenile 
striped bass.  The calculated loss across Clifton Court Forebay ranged from 63 to 99 percent for 
juvenile Chinook salmon and 70 to 94 percent for the juvenile striped bass.  Gingras (1997), 
however, opined that naïve hatchery fish introduced directly into Clifton Court Forebay may be 
more susceptible to predation than wild fish or fish already acclimated to the natural 
environment, but of hatchery origin (habituated fish).  Gingras (1997) states that “introduction of 
experimental fish directly into Clifton Court Forebay may contribute a large portion of observed 
pre-screen loss, regardless of other experimental and/ or operational variables (e.g., release group 
size, experimental fish size, degree of habituation, and export rate).  Experimental fish are 
typically subject to varying degrees of (1) temperature shock (Orsi 1971, Coutant 1973, Kjelson 
and Brandes 1989), (2) altered salinity, and (3) altered light regime, in addition to turbulent flow 
and predation at the radial gates.  Habituated fish entrained into Clifton Court Forebay would 
only be subject to turbulent flow and predation near the radial gates.  The combined and 
differential effect of these “acute stressors” on experimental fish should increase vulnerability to 
predation (Coutant 1969, Orsi 1971, Olla et al. 1992, Young and Cech 1994, Mesa 1994, Cech et 
al. 1996).”  Gingras (1997) also identified potential biases resulting from the calculation of 
salvage and pre-screen loss due to expansion of enumerated fish in the salvage counts and 
estimates of total fish released per experiment based on weight and lengths, effects of 
introducing large numbers of fish at one time on the efficiency of predators (protective schooling 
effect), and fish remaining in Clifton Court after the cessation of the experimental period which 
are not enumerated as surviving the experiment.  However, Greene (2008) stated that “In light of 
Gingras 1997's recognition that introduction of experimental fish would increase the likelihood 
of predation found in the studies, it is my opinion that a pre-screen mortality rate of 75% at the 
SWP pumping facilities is a reasonable estimate of pre-screen mortality.”  Additional predation 
rates by birds is unknown at this time, but observations by biologist at the forebay have indicated 
that bird density can be quite high for species that prey on fish as part of their diet, such as 
Double crested Cormorants (Phalacrocorax auritus), Great Egrets (Ardea albus), White Pelicans 
(Pelacanus erythroryhnchus), Clark’s Grebe (Aechmophorus clarkia), Western Grebes 
(Aechmophorus occidentalis), Great Blue Herons (Ardea nerodias) and several species of gulls.   
 
A recent study was conducted (DWR 2008) utilizing hatchery steelhead (average size 245 ±5 
mm) to examine the pre-screen loss for this species of fish.  Results of this study concluded that 
steelhead of smolt size had a pre-screen loss rate within Clifton Court Forebay that ranged from 
78 ± 4 percent to 82 ± 3 percent over the various replicates of the study.  These values are similar 
to smaller Chinook salmon and juvenile striped bass studies conducted previously.  The study 
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also found that the screening loss at the Skinner Fish Protection Facility for tagged steelhead was 
26 ± 7 percent.  This level of screening is equivalent to 67 to 81 percent efficiency, which is 
comparable with the 75 percent overall efficiency stated for the facility previously.  The study 
also verified that tagged steelhead could exit the forebay under the right hydraulic conditions and 
enter the channel of Old River.  Tagged fish were recorded in Old River outside of the radial 
gates and one passive integrated transponder (PIT) tagged steelhead was recovered in the TFCF 
salvage after release in the forebay.  In addition, the study also tagged large striped bass with 
acoustic transmitters and monitored their movements within the forebay.  The study found that 
the striped bass typically moved between the radial gates and the inlet channel/debris boom area 
of the forebay, apparently congregating in these areas, perhaps to feed, while others moved into 
the northern area of the forebay.  Several of the striped bass (16 of 30 tagged fish) were shown to 
have left the forebay and reenter Old River and the Delta.  Striped bass leaving the forebay were 
detected as far away as the Golden Gate Bridge and above Colusa on the Sacramento River. 
 
The studies described above (Gingras 1997, DWR 2008) indicate that mortality (i.e., predation) 
is very high in the forebay for listed salmonids, whether they are smaller-sized Chinook salmon 
juveniles or larger smolt-sized steelhead.  For every one fish salvaged, typically 4 to 5 fish 
entered the forebay (75 to 80 percent pre-screen loss).  Based on the increased frequency of 
elevated pumping rates described in the near term and future modeling runs for the SWP, NMFS 
anticipates that substantial numbers of additional Chinook salmon and steelhead will be lost to 
predation in the forebay.  This conclusion is based on the presumption that increased pumping 
will require the forebay to be operated in such a manner as to supply the additional volumes of 
water pumped by the Banks Pumping Plant over the current levels.  Increased levels of pumping 
will draw down the forebay water elevation when the gates are closed.  With each operation of 
the radial gates, the difference in hydrostatic head between the outside channel (following the 
peak of the high tide) and the elevation within the forebay will cause water to flow into the 
forebay.  The greater the elevation differential, the greater the flow (velocity) into the forebay 
and the greater the volume of water moved in a unit time.  This change has the potential to draw 
additional listed salmonids and green sturgeon into the forebay.  The additional increases in the 
pumping rates seen in the period between December and May corresponds to the time period 
when listed salmonids are in the system, and thus vulnerable to the effects of the forebay 
operations.  The proposed near term and future operations of the SWP, through the operations of 
the Clifton Court Forebay, will exert additional adverse effects upon the listed salmonid 
populations.  The loss of these additional individual fish will further reduce the populations of 
listed salmonids (i.e., the annual loss of hundreds to thousands of wild winter-run, spring-run, 
and CV steelhead, as enumerated in the annual salvage and loss reports presented by the 
Interagency Ecological Program for the San Francisco Estuary).  These fish, which have 
survived to reach the South Delta, represent the survivors of the hundreds of thousand to millions 
of fry that hatched up river in their natal stream reaches.  Loss of an appreciable number of these 
fish represent a loss of abundance in the current population, and perhaps a reduction in future 
productivity if these fish represent the “hardiest” fish of the current brood year, based on their 
surviving to the Delta (and through it to the South Delta).  These fish represent those fish which 
have successfully hatched, successfully initiated exogenous feeding, avoided upstream predation 
during natal rearing, successfully negotiated the migratory corridor from natal rearing areas to 
the delta, and have shown the ability to avoid predation and successfully forage during their 
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downstream migration through the delta.  These fish have the necessary traits, both 
physiologically and behaviorally, to survive the multiple stressors encountered in the 
environment and thus, through natural selection, represent the best adapted fish to the current 
conditions in the Central Valley. 
 
Green sturgeon may be entrained during any month of the year by the operations of the Clifton 
Court Forebay radial gates.  It is unknown what percentage of these fish return to the waters of 
the Delta through the radial gates, like striped bass, or remain within the forebay for extended 
periods of time.  Based on salvage data, it appears that green sturgeon juveniles are present in the 
forebay year round, but in varying numbers.  NMFS expects that predation on green sturgeon 
during their stay in the forebay is minimal, given their size and protective scutes, but this has 
never been experimentally verified. 
 
6.6.2.4.1.4  Collection, Handling, Trucking, and Release Operations 
 
Following the successful screening and redirection of the entrained fish to the holding tanks, 
both the TFCF and the Skinner Fish Protection Facility engage in a process of CHTR to return 
the salvaged fish to the waters of the Delta outside the influence of the pumps (DWR 2005a, b).  
The following general description explains the CHTR procedure for both the TFCF and the 
Skinner Fish Protection Facility.  During the collection phase, the fish are contained within large 
cylindrical holding tanks, which may collect fish for several hours (up to 24 hours at the TFCF).  
The holding times are a function of fish density and the presence of listed fish in the collection 
tanks.  High densities or the presence of listed fish require more frequent salvage operations.  
During the collection phase of salvage, the tanks are dewatered, and the fish are collected in a 
large conical sample bucket that is lowered into the sump of the holding tank.  Fish that are not 
immediately collected into the sample bucket are washed into the bucket with a stream of water, 
along with any debris that has accumulated in the holding tank (i.e., plant material such as 
Egeria densa or sticks and branches).  Once dewatering and final wash down have been 
completed, the sample bucket is lifted out of the holding tank by a gantry hoist and moved to 
either the handling - sorting platform adjacent to the holding tank or directly to the waiting 
tanker truck.  The handling phase requires the collection facilities staff to sort through the 
collected fish at predetermined intervals (i.e., 20 minute counts every 2 hours at the TFCF when 
listed fish are present) and identify the captured fish to species, enumerate the species taken, 
particularly the listed species, and provide data for estimating the salvage numbers for the total 
operation of the two facilities.  These counts also determine the frequency that the other holding 
tanks must be drained and fish loaded into the trucks and transported to the release sites.   
 
Fish are transferred to tanker trucks following the dewatering procedure in the large conical 
collecting baskets used in the draining of the holding tanks.  Typically fish and the water that 
remains in the conical basket are released into the waiting truck through the hatch on the top of 
the truck.  Frequently there is a high debris load in the conical collecting basket that is also 
transferred to the truck along with the fish and water in the basket.  Numerous problems 
associated with fish density, debris load, and loading practices, as well as the physical stress of 
transport, have been identified as potential stressors to the transported fish, affecting eventual 
survival.   
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Fish are driven to one of four sites located in the western Delta.  The TFCF releases its fish at a 
site on Horseshoe Bend on the Sacramento River or adjacent to the State Route 160 highway 
bridge in Antioch, California.  The Skinner Fish Protection Facility releases its salvaged fish at a 
separate Horseshoe Bend release site, a site on Sherman Island on the north bank of the San 
Joaquin River, and shares the site at Antioch with the TFCF.  Releases are made to the river 
through pipes that reach from the roadside to the river, and extend 100 or more feet offshore into 
deeper water.  The pipes are typically primed with a flow of river water from onsite pumps to 
make sure that the walls of the pipe are wetted prior to fish being passed down the pipe to the 
river.  Once the pipe has been primed with the river water, the valve on the tanker truck is 
opened and the contents of the truck are flushed into the release pipe, using a hose to help wash 
the tank’s contents through the valve orifice with river water.  The flow down the lumen of the 
pipe is turbulent and of fairly high velocity (aided by the injection of flushing flows into the start 
of the pipeline).  Problems associated with the release operations have been identified and 
include, but are not limited to, high turbulence and shear forces in the pipeline during release; 
contact with debris during the release, causing injury or death; potential stranding of fish in the 
tanker truck due to debris clogging the orifice during dewatering; disorientation following 
release, creating higher potentials for predation; attraction of predators to the pipe outfall 
structure; delayed mortality due to injuries in the release procedure; and physiological shock due 
to water quality parameters changing too quickly during the release procedure (DWR 2005a, b). 
 
Current estimates of mortality associated with the CHTR operations indicate that Chinook 
salmon experience approximately 2 percent mortality after 48 hours following the release of fish 
through the pipe.  Additional mortality associated with predation is likely, but as of yet, 
experimental data is lacking.  A study completed by DWR was expected to be issued by the end 
of 2008 which addresses the potential for post-release predation at the Delta release points.  
Estimates of post release predation rates given by DWR range from 10 percent to 30 percent for 
juvenile salmonids, depending on the density of predators at the release site and the number of 
fish released per episode (Orsi 1967, Pickard et al. 1982, Greene 2008).  Estimates are crude and 
several potential biases in the earlier studies are present, including net sampling efficiency, 
susceptibility of predators to capture, and estimation of predator populations within the study 
area.  Recent evidence obtained using acoustic imaging equipment (DIDSON cameras) has 
shown that predators are quickly attracted to the discharge pipelines upon the startup of the 
priming water flow, indicating a learned response to the discharge of salvaged fish at the release 
sites. 
 
In summary, the CHTR process has inherent risks to salvaged fish, including listed salmonids 
such as winter-run, spring-run, CV steelhead, and Southern DPS of green sturgeon.  Fish are 
exposed to debris and turbulent flow during their movements through pipes, holding tanks, 
trucks and the discharge pipes.  Such activities increase the stress level in the fish and elevate 
their corticosteroids and catecholamine levels, as previously described.  Predation of disoriented 
and confined fish may occur by predators in the same holding tanks and during transport.  There 
is a high probability that injury and stress will occur during the release phase back into the river 
and that post release morbidity or mortality will occur in the riverine environment (e.g., 
infections, reduced swimming ability, or disorientation).  Estimates of post release predation 
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range from 10 to 30 percent of the salvaged fish released.  Since salvage of listed fish primarily 
occurs to juveniles or smolt-sized fish, it is this life stage that is most affected by the CHTR 
process.  Loss, including post release mortality, is approximately 12 to 32 percent of the fish 
salvaged. 
 
NMFS estimates that the direct loss of fish associated with the screening and salvage process is 
83.5 percent for the SWP and approximately 65 percent for the CVP for fish from the point they 
enter Clifton Court Forebay or encounter the trashracks at the CVP (table 6-28). 
 
Table 6-28.  Overall survival of fish entrained by the export pumping facilities at the Tracy Fish Collection 
Facilities and the John E. Skinner Fish Protection Facilities. 

Estimate of Survival for Screening Process at the SWP and CVP1 

SWP Percent survival Running Percent 
Pre-screen Survival2 25 percent3 (75 percent loss) 25 
Louver Efficiency 75 percent (25 percent loss) 18.75 
CHTR Survival 98 percent (2 percent loss) 18.375 
Post Release Survival 
(predation only) 

90 percent (10 percent loss)4 16.54 

   
CVP5 Percent survival Running Percent 

Pre-screen Survival6 85 percent (15 percent loss) 85 
Louver Efficiency7 46.8 (53.2 percent loss) 39.78 
CHTR Survival 98 percent (2 percent loss) 38.98 
Post Release Survival 
(predation only) 

90 percent (10 percent loss) 35.08 

1These survival rates are those associated with the direct loss of fish at the State and Federal fish salvage facilities.  
Please see the text for a more thorough description. 

2Prescreen loss for the SWP is considered to be those fish that enter Clifton Court Forebay that are lost due to 
predation or other sources between entering the gates and reaching the primary louvers at the Skinner Fish 
Protection Facility. 

3Estimates have ranged from 63 to 99 percent (Gingras 1997).  Recent steelhead studies indicate a loss rate of 
approximately 78 to 82 percent (DWR 2008). 

4Predation following release of salvage fish ranges from less than 10 percent to 30 percent according to DWR 
(2009).  NMFS uses the lower estimate to give a conservative estimate of loss.  Actual loss may be greater, 
particularly in the winter when the density of salvage fish released is low, and predators can consume a greater 
fraction of the released fish (DWR 2009). 

5These values do not incorporate the 45 percent of the operational time that the louvers are in noncompliance with 
the screening criteria.  The actual values of the lover efficiency during this time are not available to NMFS.  
These values would determine the percentage of survival through the facility under real time circumstances. 

6Prescreen survival in front of the trashracks and primary louvers at the TFCF have not been verified, but are 
assumed to be 15 percent. 

7Overall efficiencies of the louver arrays at the TFCF have been shown to be 46.8 percent (59.3 percent primary, 80 
percent secondary).  Recent studies indicate overall efficiencies during low flow periods could be less than 35 
percent (Reclamation 2008).  This value does not include periods when the louvers are being cleaned, where 
overall efficiency drops towards zero. 

 
6.6.2.4.1.5  Estimates of Direct Loss to Entrainment by the CVP and SWP Export Facilities 
under the Proposed Action 
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Individual winter-run, spring-run, CV steelhead, and Southern DPS of green sturgeon are 
entrained by the south Delta export facilities, with most dying or being “lost” to the population in 
the process.  Because all of the different populations are migratory, entrainment is seasonal, 
based on their presence in the waters of the Delta.  Juvenile sized winter-run are vulnerable from 
approximately December through April, with a peak in February and March.  Spring-run 
juveniles and smolts are vulnerable from approximately November through March (as yearlings) 
and January through June as YOY.  Wild (unclipped) CV steelhead have a longer period of 
vulnerability, based on their extended periods of emigration as 1 to 2 year old smolts.  Wild 
juvenile steelhead are recovered in the USFWS Chipps Island trawls from October through July.  
There appears to be a difference in the emigration timing between wild and hatchery reared 
steelhead smolts, primarily due to the narrow window of hatchery steelhead smolt releases into 
the system versus the protracted emigration from natal streams by wild fish.  Adipose fin-clipped 
hatchery fish are typically recovered at Chipps Island from January through March, with the 
peak in recoveries occurring in February and March.  The timing of wild steelhead (unclipped) 
emigration is more spread out.  Their emigration occurs over approximately six months, with 
peaks in February and March, based on salvage records at the CVP and SWP fish collection 
facilities. 
 
To evaluate the effects of direct entrainment, Reclamation assembled the total CVP + SWP 
pumping projections (as “Jones” plus “Total Banks”) in the CALSIM II output for the years 
between 1921 to 2003 and compared the current (Study 7.0), with the near future (Study 7.1), 
and future (Study 8.0) operations of the project and their anticipated effects on entrainment due 
to changes in pumping rates.  For each comparison presented in table 6-29, the CALSIM II 
output for the monthly averages of the combined pumping levels of the Jones and Banks 
facilities are given for the different water year types.  Utilization of salvage rates to express the 
effects of exports on the salmonid populations relies on the fish of interest actually reaching the 
point of enumeration, where they can be counted.  Failure to reach the salvage facilities results in 
the perception that exports may not have an effect on those populations.  Other factors in the 
Delta, such as predation, and at the salvage facilities (e.g., low louver efficiency, or elevated pre-
screen losses), can mask the effects of exports by removing the fish from the system prior to 
reaching the salvage facilities to be enumerated.  Under such circumstances, even though the 
movement of water southwards towards the pumps due to exports was affecting the movement of 
fish, it cannot be determined by salvage alone, since the loss of fish prior to the salvage facilities 
prevents them from being enumerated in the salvage counts and showing any correlation with the 
exports.  An alternative approach to estimating entrainment risk is the magnitude and direction of 
flows in Old and Middle Rivers under the different future modeling scenarios compared to the 
current levels.  Table 6-30 gives the median net flows in Middle and Old Rivers under Studies 
7.0, 7.1, and 8.0, as modeled for the years between 1922 and 2003 by the CALSIM model 
(CVP/SWP operations BA Appendix E).  Both Reclamation and DWR, as well as the USFWS, 
have used this metric as a tool for evaluating entrainment risk to Delta smelt, and NMFS will 
incorporate the same tool as an additional ecological surrogate for evaluating the risk of 
entrainment to salmonids within the same water bodies.  Although salmonids and green sturgeon 
are not water particles, they do use water movement (flow and direction) as cues for their 
behavioral movements.  NMFS will use the movement of particles as a measure of the potential 
fate of water from the point of the particle injection through the channels of the central and 
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southern Delta based on the eventual disposition of the particle at the end of the model run.  In 
table 6-31, the monthly percentile differences between future CALSIM II Study cases (7.1 and 
8.0) with the current Study (7.0) are presented, grouped by water year type and pumping facility.   
 
The modeling runs indicate that export rates will increase over the current operations, as 
modeled by Study 7.0, through the late fall period and early winter period.  Average export rates 
in November typically increase a modest 2 to 4 percent in most water year types.  Under the near 
future and future operational models, average export rates increase about 10 percent in both 
December and January (range 5.84 to 15.12 percent increase).  These increases can be expected 
to enhance the potential for fish entrainment (due to higher average export rates) at a time when 
winter-run juveniles and yearling spring-run are entering the Delta system.  These increases in 
export are seen in all water year types, although the magnitude varies. 
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Table 6-29.  Comparison of predicted monthly total export pumping from the CVP (Jones) and SWP (Banks) 
facilities for Studies 7.0 (current), 7.1 (near future) and 8.0 (future).  The percentage difference is calculated 
for the percentage change from the near future and future conditions to the current operations.  Highlighted 
cells are where future conditions have less pumping than current conditions. 
October Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 - 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 9054 8915 -1.54 9083 0.32 
Above Normal 7982 7362 -7.77 7722 -3.26 
Below Normal 8100 7717 -4.73 7729 -4.58 
Dry  8111 7325 -9.69 7567 -6.71 
Critically Dry 6799 6460 -4.99 6468 -4.87 
 
November Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 - 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10503 10743 2.29 10699 1.87 
Above Normal 8414 8581 1.98 8422 0.10 
Below Normal 8851 8829 -0.25 8922 0.80 
Dry  7416 7717 4.06 7748 4.48 
Critically Dry 6278 6391 1.80 5801 -7.60 
 
December Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10438 11515 10.32 11585 10.99 
Above Normal 8870 10012 12.87 9662 8.93 
Below Normal 8770 9829 12.08 9876 12.61 
Dry  8924 9816 10.00 9817 10.01 
Critically Dry 7107 7855 10.52 7522 5.84 
 
January Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10686 11537 8.15 11425 7.10 
Above Normal 10074 11433 13.49 11539 14.54 
Below Normal 9908 10815 9.15 10960 10.62 
Dry  8410 9584 13.96 9682 15.12 
Critically Dry 7224 7646 5.84 7986 10.55 
 
February Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10295 10507 2.06 10617 3.13 
Above Normal 10143 10738 5.87 11062 9.06 
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Below Normal 9759 9625 -1.37 9171 -6.03 
Dry  8322 7982 -4.09 8137 -2.22 
Critically Dry 5154 6061 17.60 5853 13.56 
 
March Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 8.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10099 9138 -9.52 9524 -5.69 
Above Normal 10386 9660 -6.99 10138 -2.39 
Below Normal 8692 8387 -3.51 8472 -2.53 
Dry  7367 7270 -1.32 7188 -2.43 
Critically Dry 3798 4316 13.64 4241 11.66 
 
April Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 6226 6944 11.53 6987 12.22 
Above Normal 5488 6173 12.48 6226 13.45 
Below Normal 4472 4737 5.93 4708 5.28 
Dry  2716 3329 22.57 3339 22.94 
Critically Dry 1780 2035 14.33 1893 6.35 
 
May Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 6114 6950 13.67 6924 13.25 
Above Normal 4174 5193 54.41 5011 20.05 
Below Normal 3069 4149 35.19 4051 32.00 
Dry  2222 3259 46.67 3073 38.30 
Critically Dry 1595 1751 9.78 1644 3.07 
 
June Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 8414 8635 2.63 8616 2.40 
Above Normal 7344 7961 8.40 7802 6.24 
Below Normal 6480 6988 7.84 6890 6.33 
Dry  5621 6212 10.51 6118 8.84 
Critically Dry 3540 2754 -22.20 2416 -31.75 
 
July Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10154 10773 6.10 10875 7.10 
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Above Normal 8899 10037 12.79 9736 9.41 
Below Normal 10476 11111 6.06 10641 1.58 
Dry  10593 10539 -0.51 10123 -4.44 
Critically Dry 5270 3675 -30.27 3359 -36.26 
 
August Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 11549 11491 -0.50 11627 0.68 
Above Normal 11474 11082 -3.42 11168 -2.67 
Below Normal 10514 9814 -6.66 9717 -7.58 
Dry  7611 5720 -24.85 5277 -30.67 
Critically Dry 4224 2020 -52.18 1880 -55.49 
 
September Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 11469 11249 -1.92 11315 -1.34 
Above Normal 10498 10325 -1.65 10710 2.02 
Below Normal 10128 9755 -3.68 9924 -2.01 
Dry  8571 7024 -18.05 6838 -20.22 
Critically Dry 5828 4922 -15.55 4777 -18.03 
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Table 6-30.  Projected Average Old and Middle River Flows by Water Year Types and Months 
 
Projected Average Old and Middle River Flows (in cfs) in Wet and Above Normal Water Years 
for the Months of December through March (CVP/SWP operations BA Appendix E CALSIM 
Output). 
Study December January February March Average 
Study 7.0 -8350 -6391 -7322 -6858 -7230 
Study 7.1 -8083 -6511 -7377 -7956 -7482 
Study 8.0 -8230 -6276 -7203 -7890 -7400 
 
Projected Average Old and Middle River Net Flows (in cfs) in Wet and Above Normal Water Years for the months 
of April through July. 
Study April May June July Average 
Study 7.0 -5847 -4381 -4118 -643 -3747 
Study 7.1 -6561 -4652 -3450 -1146 -3952 
Study 8.0 -6611 -4941 -3792 -1193 -4134 
 
Projected Average Old and Middle River Net Flows (in cfs) in Below Normal and Dry Water Years for the months 
of December through March. 
Study December January February March Average 
Study 7.0 -7668 -6125 -6767 -7117 -6919 
Study 7.1 -6687 -6098 -6504 -8063 -6838 
Study 8.0 -6946 -6030 6435 -8004 -6854 
 
Projected Average Old and Middle River Net Flows (in cfs) in Below Normal and Dry Water Years for the months 
of April through July. 
Study April May June July Average 
Study 7.0 -6889 -6052 -5573 -1064 -4895 
Study 7.1 -7889 -5897 -5440 -1442 -5167 
Study 8.0 -8038 -5989 -5407 -1428 -5215 
 
Projected Average Old and Middle River Net Flows (in cfs) in Critically Dry Water Years for the months of 
December through March. 
Study December January February March Average 
Study 7.0 -4576 -5633 -5293 -6158 -5415 
Study 7.1 -3375 -5399 -4892 -6389 -5014 
Study 8.0 -3312 -5317 -4333 -6315 -4819 
 
Projected Average Old and Middle River Net Flows (in cfs) in Critically Dry Water Years for the months of April 
through July. 
Study April May June July Average 
Study 7.0 -5368 -4250 -2514 -797 -3232 
Study 7.1 -5903 -4744 -2824 -842 -3578 
Study 8.0 -5618 -4865 -3024 -870 -3594 
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February has mixed export patterns.  In wet and above normal water years, exports increase 
modestly, compared to modest decreases in below normal and dry years.  Critically dry years see 
a larger increase in average exports (17.6 percent in Study 7.1 and 13.56 in Study 8.0), which is 
anticipated to have negative impacts on emigrating fish during this month.  The reductions in 
exports during the below normal and dry water years are expected to benefit outmigrating 
salmonids, including steelhead, which are entering the system in increasing numbers.  Less 
pumping is believed to reduce the draw of water from the main channel of the San Joaquin River 
into the South Delta channels leading towards the pumps, and thereby reduce the effects of 
farfield entrainment of fish into these channels.  In particular, fish from the Southern Sierra 
Diversity groups which include CV steelhead from the San Joaquin River basin, the Calaveras 
River basin, and wild CV steelhead from the Mokelumne River basin must pass several points of 
potential entrainment into the South Delta prior to reaching the western Delta.  Conversely, 
increasing exports in the wet, above normal and critically dry water years will adversely affect 
emigrating salmonids.   
 
Table 6-31.  Average change in Banks and Jones pumping grouped by water year type.  Highlighted cells 
indicate conditions where pumping is greater than the Study 7.0 current condition during the primary 
salmonid migration period (November through June). 
Facility WaterYearType OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
Study 7.1 compared to 7.0                       

                            

Banks Critical 7.7% -8.2% -6.1% 15.5% 18.2% 8.7% 6.4% 8.8% 25.1% -7.0% -11.9% -13.1% 

Banks Dry 0.2% -5.3% 7.2% 10.5% 0.0% 4.7% 10.3% 12.4% 3.5% -8.4% 1.1% -12.8% 

Banks Bl Normal 11.4% -4.1% 6.6% 6.1% -2.4% 7.2% 14.0% 34.3% 6.9% 14.4% 0.9% -8.3% 

Banks Ab Normal 14.5% -5.5% 8.3% -0.3% 7.3% 4.3% 13.1% 42.2% 13.4% 32.5% -8.5% -10.2% 

Banks Wet 6.1% -3.1% 6.6% 5.3% 4.9% -0.2% 19.2% 20.9% 1.2% 4.2% -7.8% -2.9% 

                            

Jones Critical 8.5% 6.2% 15.1% 1.0% 7.9% 16.4% 8.2% 28.6% -1.0% -16.6% -1.7% -4.3% 

Jones Dry 3.8% 4.5% 11.9% 17.2% 5.1% -4.2% 6.3% 32.3% 3.9% 7.8% -13.5% -7.7% 

Jones Bl Normal 7.5% 6.1% 19.7% 15.0% -3.4% -15.7% -4.3% 5.3% -2.3% 24.3% 6.6% -7.5% 

Jones Ab Normal -0.5% 8.3% 20.6% 15.5% -1.5% -13.6% -9.0% 6.9% 1.2% 9.3% 13.6% 3.3% 

Jones Wet 6.2% 9.0% 18.4% 15.1% -0.1% -25.9% -2.3% -1.1% -2.5% 4.5% 5.7% 3.3% 

                            

Study 8.0 compared to 7.0                       

                            

Banks Critical 4.8% -17.5% -8.7% -2.9% 20.3% 7.4% 6.7% 13.8% -11.9% -22.0% -17.1% -2.9% 

Banks Dry 0.3% -7.8% 8.1% 12.4% -1.8% 5.3% 8.2% 18.5% -8.3% -8.8% -2.4% -7.0% 

Banks Bl Normal 7.0% -5.6% 3.4% 9.9% -3.1% 1.5% 13.9% 31.3% 9.3% 22.3% 12.9% -0.2% 

Banks Ab Normal 4.8% -10.1% 4.4% 4.6% 8.1% 4.8% 12.2% 43.1% 16.9% 51.9% 17.3% -5.3% 

Banks Wet 2.5% -4.7% 6.8% 6.1% 5.1% 2.7% 19.2% 20.9% 4.0% 16.1% -3.8% -2.7% 

                            

Jones Critical 11.6% -4.6% 17.5% 9.9% 4.8% 23.4% 5.9% 22.0% -10.1% -31.4% -19.8% -16.5% 

Jones Dry 8.1% 6.1% 11.9% 17.1% 5.9% -6.6% 4.2% 29.1% -3.8% -0.4% -29.3% -8.3% 

Jones Bl Normal 13.8% 7.7% 20.2% 15.6% -1.6% -12.9% -7.2% -2.6% -4.2% 19.8% 3.8% -5.1% 

Jones Ab Normal -1.6% 4.9% 24.2% 11.2% 11.0% -7.9% -8.4% 5.3% 1.2% 7.4% -0.7% 13.4% 

Jones Wet 8.6% 11.5% 17.9% 13.1% -1.4% -20.3% -1.5% -0.1% -1.0% -8.1% 5.5% 5.1% 
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The average combined exports for March decrease in all water year types except critically dry 
years, when the export rate increases approximately 12 percent in the future compared to current 
operations (13.64 percent increase in Study 7.1 versus Study 7.0 and 11.66 percent increase in 
Study 8.0 compared to Study 7.0).  Therefore, in critically dry years, based on the anticipated 
export rate increases, risk to winter-run and CV steelhead will increase, particularly since March 
is typically the peak of their outmigration through the Delta.  On the other hand, risk of 
entrainment, as measured by salvage and export levels, declines during the month of March in 
the wet, above normal, below normal and dry hydrologic year types.   
 
The months of April and May have significant increases in the export rates under the near future 
and future modeling runs when compared to the current operations model (Study 7.0).  Export 
rates can increase by as much as 46.67 percent in the month of May during dry water year types, 
and are only moderately less than this in other water year types.  Typically, the increases in 
exports range from approximately 10 percent to 40 percent during the April and May time 
period.  These increases will likewise negatively affect emigrating salmonids, particularly 
spring-run and fall-run juveniles that are moving through the Delta during these months.  San 
Joaquin River and Calaveras River basin fish, (i.e., steelhead and fall-run Chinook salmon) are 
particularly vulnerable due to the proximity of their migration corridor to the location of the CVP 
and SWP pumping facilities and the multiple pathways leading from their migration corridor to 
the export facilities (e.g., Head of Old River, Turner and Columbia Cuts, Middle River, and Old 
River). 
 
The month of June has exports increasing approximately 2.5 percent to 10 percent over current 
conditions, except for critically dry years when exports are sharply reduced (-22 percent in Study 
7.1 and -32 percent in Study 8.0).  Overall, actual June export rates are increasing over the April 
and May levels, so that while the percentage of increases looks smaller than in the previous two 
months, the total volume of water diverted is actually increasing.  This is expected to pull more 
water southwards through the central and southern Delta waterways towards the pumps.  This, in 
turn, increases the risk of drawing any late emigrating fish present in the central and south Delta 
towards the pumps as well.  This will adversely impact the migration rate of these late 
emigrating fish during a time when water quality, particularly water temperature, is becoming 
unfavorable to salmonids. 
 
The month of July has exports that are increasing in the near future and future over the current 
model levels in wet, above normal, and below normal water year types.  Similar to June, the drier 
water year types see a pattern of decreasing export levels between the future modeling runs and 
the current modeling run.  For the remainder of the summer months, i.e., August and September, 
the future modeling studies indicate that combined export rates will be equivalent to or lower in 
than the current conditions as modeled in Study 7.0.  Reductions are greatest in the drier water 
year types.  Reductions in summer exports could reduce the vulnerability of green sturgeon 
juveniles in the central and south Delta from becoming entrained by the pumps. 
 
In the analysis completed for Delta smelt, the CVP/SWP operations BA concluded that upstream 
flows, i.e., flows that were negative, that were greater than -2000 cfs ± 500 cfs effectively 
prevented entrainment of Delta smelt that were north of the sampling stations in Old and Middle 
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River.  A linear relationship between Delta smelt entrainment and flow exists at flows greater 
than -4000 cfs (more seaward flow).  At flows less than -4000 cfs (more landward flow) the 
entrainment rate for Delta smelt begins to take on an exponential characteristic.  Based on 
particle tracking modeling, the Delta smelt work group concluded that net river flows greater 
than -2000 ± 500 cfs in the Old River and Middle River complex reduced the zone of 
entrainment so that particles injected into the central Delta at Potato Slough would not be 
entrained towards the pumps (Kimmerer and Nobriga 2008 op cit. CVP/SWP operations BA).  
NMFS considers this information useful in analyzing the potential “zone of effects” for 
entraining emigrating juvenile and smolting salmonids.  A similar pattern is observed in material 
(figures 6-65 and 6-66) provided to NMFS by DWR (Greene 2009).  Loss of older juveniles at 
the CVP and SWP fish collection facilities increase sharply at Old and Middle River flows of 
approximately -5,000 cfs and depart from the initial slope at flows below this.  Given the data 
derived from the CVP/SWP operations BA Appendix E, flows in Old and Middle River are 
consistently in excess of the -2000 ± 500 cfs threshold for entrainment (i.e., more upstream 
flow).  Assuming that in the normal (natural) flow patterns in the Delta, juvenile and smolting 
Chinook salmon and steelhead will use flow as a cue in their movements and will orient to the 
ambient flow conditions prevailing in the Delta waterways, then upstream flows will carry fish 
towards the pumps during current operations.  General tendencies of the modeling results 
indicate that Old River and Middle River net flows trend towards greater upstream flow in the 
near future and future conditions, resulting in even more fish carried towards the pumps. 
 

 
Figure 6-65.  Relationship between OMR flows and entrainment at the CVP, 1995-2007 (DWR 2008). 
 

Initial Slope 
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Figure 6-66.  Relationship between OMR flows and entrainment at the SWP, 1995-2007 (DWR 2007). 
 
During wet, above normal and critically dry water year types, the greatest level of negative net 
flows in Old and Middle rivers are seen during the months of December, January, and July.  The 
months of December and January coincide with onset of movement of winter-run and yearling 
spring–run into the north Delta from the Sacramento River.  NMFS believes that these elevated 
levels of net negative flow present a risk to emigrating fish that have entered the central Delta 
through Georgiana Slough or, when the DCC is open, the Mokelumne River system.  In below 
normal and dry water year types, the Old and Middle River flows have high levels of net 
negative flow from December through March and again in June and July.  This overlaps with a 
significant proportion of the salmonid emigration period through the Delta, particularly for 
winter-run Chinook salmon and Central Valley steelhead.  In all water year types, the net 
negative flows in Old and Middle River are attenuated in April and May in response to the 
reduced pumping (export levels) required for the VAMP experiments. 
 
The CALSIM II and DSM II modeling also indicates that the magnitude of the net negative 
flows in Old and Middle rivers generally get “larger” (i.e., more negative, reverse landward 
flow) with the future conditions in wet, above normal, below normal and dry water year 
conditions.  This corresponds with the trend in increased level of exports described earlier for 
these water year types.  The enhancement of net negative flows in Old and Middle rivers in the 
near future and future conditions indicate an increasing level of vulnerability to the entrainment 
for emigrating fish located in the central and southern Delta regions. 
 
Inspection of the salvage and loss records from the CVP and SWP fish collection facilities 
available through the Central Valley Operations web site 
(http://www.usbr.gov/mp/cvo/fishrpt.html) indicates that recovery of winter-run sized juvenile 
Chinook salmon begins in December and continues through approximately the end of March.  

 

Initial Slope

http://www.usbr.gov/mp/cvo/fishrpt.html
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Roughly 50 percent of the total annual salvage of juvenile winter-run sized Chinook salmon 
occurs in March, with the previous 3 months (December, January, and February) accounting for 
the other 50 percent.  Very few winter-run sized Chinook salmon juveniles are captured after the 
end of March.  Likewise, the salvage of steelhead smolts at the fish collection facilities starts as 
early as November, but is primarily observed in the months of January, February, and March.  
The salvage of spring-run sized fish is primarily observed in the months of March, April, and 
May.  Nearly two thirds of the spring-run sized Chinook salmon juveniles are collected during 
the month of April alone.  This temporal pattern indicates that listed salmonids are within the 
waterways of the central and south Delta as early as November and December, but typically are 
most prevalent from January through May.  Southern DPS of green sturgeon are also present 
during this time frame, as they occupy the waters of the Delta year round.   
 
The presence of listed salmonids and green sturgeon in the salvage collections during the winter 
and spring months points out their vulnerability to negative flows in Old and Middle River 
during this time period.  Particle tracking model simulations conducted for the Delta smelt 
consultation indicate that at flows more positive than -2,500 cfs, the probability of a neutrally 
buoyant particle injected at monitoring Station #815 eventually being entrained at the export 
facilities is less than 10 percent (see figures 6-67 and 6-68).  Station #815 is on the San Joaquin 
River adjacent to the confluence of the Mokelumne River.  This site is a valuable reference point 
as it is the location at which fish from the Sacramento River are likely to enter the Central Delta 
and the San Joaquin River system after traveling through Georgiana Slough or the Mokelumne 
River system.  With increasing export pumping under a set of given conditions, the Old and 
Middle River flows become more negative, and a higher percentage of injected particles from 
Station #815 are entrained by the export pumps.  Similarly, the closer a group of particles is 
injected to the export facilities, the higher the risk of eventual entrainment at the export facilities.  
The current profile of listed salmonid entrainment and the estimated Old and Middle River flows 
from the CALSIM II modeling indicate that fish entering the San Joaquin River from the 
Sacramento River at the confluence of the Mokelumne River are at an elevated risk of 
entrainment by the export facilities.  Likewise, fish entering the Delta from the San Joaquin 
River basin, the Calaveras River or the Mokelumne River system are vulnerable to entrainment 
due to their proximity to the exports (station 912 and Mossdale), and the length of the migration 
corridor they must travel that is under the influence of the export actions (see figures 6-57c and 
6-57d).  Pumping rates predicted for the months of December through March create conditions in 
which the net flows in Old and Middle rivers average less than -4000 cfs (note:  more negative 
values indicate higher export levels and the direction of flow is landwards), with drier years 
being more negative.  The absolute magnitude of Old and Middle River negative flows generally 
increases (i.e., more flow towards the pumps) under the near term and future modeling studies 
(see table 6-30).   
 

 



 
Figure 6-67.  Location of particle injection points for the Particle Tracking Model simulations (Hinojosa 
2009). 
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Station Key:  Station 809 is located on the San Joaquin River (SJR) at Jersey Point, Station 812 is located on the 
SJR at Fisherman’s Cut, Station 815 is located at the confluence of the Mokelumne River with the SJR, Station 
915 is located on Old River at Orwood Tract, Station 902 is on Old River near Rhode Island/ Quimby Island, 
and Station 711 is on the Sacramento River near Rio Vista and Cache Slough. 

 
Figure 6-68.  Calculated percentages of entrainment at the CVP and SWP export facilities for different levels 
of flow in Old and Middle Rivers.  Particles are injected at different locations in the Delta (USFWS 2008a). 
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Figure 6-69.  Calculated percentage of particles entrained by the CVP and SWP after 31 days at Old and 
Middle River flows of -3,500 cfs, -2,500 cfs, and -1,250 cfs.  Particles were injected at various locations in the 
Delta.  This figure was for March 2005, a “wet” year (Hinojosa 2009). 

Export Entrainment at Various Levels of Negative Flow  
for Old and Middle River Monitoring 



 
 

 
Figure 6-70.  Calculated percentage of particles entrained by the CVP and SWP after 31 days at Old and 
Middle River flows of -3,500 cfs, -2,500 cfs, and -1,250 cfs.  Particles were injected at various locations in the 
Delta.  This figure was for March 2008, a “dry” year (Hinojosa 2009). 
 
NMFS uses the findings of the PTM simulations to look at the eventual fate of objects in the 
river over a defined period of time from a given point of origin in the system.  While salmonids 
and green sturgeon are not “neutrally buoyant particles”, they can be represented to some degree 
by the PTM modeling results.  The fish occupy a given body of water in the river and that body 
of water has eventual fates in the system, as represented by the dispersion of the injected 
particles.  The salmonids have volitional movement within that body of water and react to 
environmental cues such as tides, water velocity vectors, and net water flow movement within 
the channel.  The eventual fate of that body of water signifies the potential vulnerabilities of fish 
within that body of water to external physical factors such as export pumping or river inflows.  
For example, if exports increase, and the eventual fate of the water body indicates that it has a 
higher probability of entrainment compared to other conditions (i.e., lower export pumping), then 
NMFS believes that salmonids within that same body of water will also experience a higher 
probability of entrainment by the export pumping.  Conversely, under conditions where the 
eventual fate of injected particles indicate a high probability of successfully exiting the Delta at 
Chipps Island, NMFS believes salmonids traveling in the same body of water will have a higher 
probability of exiting the Delta successfully.  Furthermore, conditions which delay movement of 
particles out of the Delta yet don’t result in increased entrainment at the export facilities would 
indicate conditions that might delay migration through the Delta, which would increase 
vulnerabilities to predation or contaminant exposure.  Finally, flow conditions at river channel 
splits indicate situations where migrating fish must make a “decision” as to which channel to 
follow.  If water is flowing into a given channel, then fish closer to that channel bifurcation are 
more likely to be influenced by the flow conditions adjacent to the channel opening than fish 
located farther away from the channel mouth.  Burau et al. (2007) describes the complexity of 
these temporal and spatial conditions and their potential influence on salmonid movement.  PTM 
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simulations currently do not give the necessary fine scale resolution both temporally (minutes to 
fractions of hours) and spatially (three dimensional on the scale of meters) to give clear results at 
these channel splits.  Burau states that spatial distribution of fish across the river channel occurs 
upstream of the channel splits and is dependent "upon the interaction between local 
hydrodynamic processes (e.g., secondary currents) and subtle behaviors that play out in a 
Lagrangian reference frame.  These spatial structures evolve over fractions of hours to hours.  
Junction interactions, on the other hand, happen very rapidly, typically within minutes.  Thus, 
route selection may only minimally depend on behavioral responses that occur in the junction, 
depending to a greater degree on spatial distributions that are created by subtle behavioral 
responses/interactions to geometry-mediated current structures that occur up-current of a given 
junction."  This description illustrates the complexity of route selection.  Based on Burau's 
explanation, fish upstream of the split are dispersed by the environmental conditions present in 
the channel into discrete locations across the channel's cross section.  The proximity of these 
locations to the channel mouth is predictive of the risk of diversion into the channel itself.  PTM 
data can be useful to indicate the magnitude of the net movement of water through the channel 
after the junction split (and the route selected by the fish), and thus can be used to infer the 
probable fate of salmonids that are advected into these channels during their migrations. 
 
The comparison of study runs as represented by the percentile differences of monthly pumping 
rates from both the CVP and SWP facilities are grouped over water year types and compare the 
future study cases against the current modeled pumping rates (see table 6-29).  This table gives 
better resolution regarding the details of the individual pumping operations of the two pumping 
plant facilities.  The data from the modeling runs for the Banks pumping facility indicates that 
the comparison between the near term (Study 7.1) and the current pumping levels (Study 7.0) 
will have a higher rate of pumping increases over the different water year types then decreases 
during the period when salmonids are emigrating to the ocean (November through June).  In 
particular, the months of April and May will have consistent increases in pumping levels, with 
rates in wet, above normal and below normal hydrologic years in the month of May showing the 
greatest relative increases (as high as 42 percent).  This is a period of time when YOY spring-run 
are common in the Delta, as well as fall-run.  Therefore increased pumping in April and May has 
the potential to entrain more individuals from these two runs in the near future and future cases 
than in the current operational regime.  In general, pumping in the near future shows consistent 
increases at the Banks facility in the period between December and March.  These increases 
place emigrating winter-run, CV steelhead and yearling spring-run at risk of entrainment.  As 
described in the previous section regarding entrainment at the Clifton Court Forebay structure 
and the operations of the Skinner Fish Protection Facility, loss of entrained salmonids can be 
quite high for any fish entering this unit. 
 
The pattern of operations for the Jones Pumping Plant facility is slightly different than that of the 
Banks Facility.  In the near future (Study 7.1), pumping is increased over the current levels 
during the period between November and January.  Pumping rates increase modestly in 
November in all water year types, ranging from 4.5 percent to 9 percent.  The following two 
months, December and January, see pumping increase over 10 percent in almost all cases.  This 
period corresponds to the time when winter-run Chinook salmon juveniles and spring-run 
Chinook salmon yearlings are entering the Delta from the Sacramento River system.  Steelhead 
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smolts are also beginning to enter the Delta waters from their upstream natal streams during this 
time period.  Pumping at the Jones Facility generally decreases during the 3-month period 
between February and April in below normal, above normal and wet water year types.  In dry 
and critically dry water years, the pumping rates at the Jones Facility tend to increase in the near-
term future Study (7.1) over the current modeled conditions (Study 7.0).  The reductions in 
pumping rates are considered to be beneficial to emigrating salmonid populations, particularly 
since March and April are peak months of movement through the Delta by listed salmonid 
species. 
 
The modeled pumping rates at the state and Federal pumping plants for the future Study (8.0) are 
similar to those for the near-future conditions (Study 7.1), therefore the differences between the 
current operational conditions as modeled by Study 7.0 and the future conditions as modeled by 
Study 8.0 are not substantially different than those seen in the previous comparisons.  The future 
pumping rates at the Banks pumping plant are still elevated for most of the period between 
December and May compared to the current operational conditions, and therefore present the 
same anticipated risk to emigrating salmonid stocks.  As seen in the Study 7.1 modeling 
scenario, pumping rates, as determined by the percentage change from the current level, are 
substantially increased in the April and May period, which corresponds to the peak of 
outmigration for YOY spring-run and YOY fall-run.  It also overlaps with the VAMP 
experiment on the San Joaquin River.  The modeled pumping rates at the Jones facility under the 
future conditions in Study 8.0 show a similar pattern to those modeled under Study 7.1. 
 
In summary, the overall pumping rates in the two future modeling scenarios elevate risk to 
emigrating salmonids in December, January, April, May, and June compared to the current 
conditions.  However, entrainment risks in March are reduced due to pumping reductions taken 
by the facilities.  There are mixed risks in the month of February due to differences in pumping 
strategy based on the type of water year modeled.  In wet, above normal and critically dry water 
year types, overall pumping is increased.  Conversely, pumping is reduced in below normal and 
dry conditions.  The proposed actions also reduce pumping in the summer relative to the current 
modeling scenario.  This benefits green sturgeon that may be rearing in the vicinity of the pumps 
during the summer, and reduces their risk of entrainment.  The most obvious difference in 
pumping patterns between the current and future scenarios outside of the increases in December 
and January is the substantial increase in pumping that will occur in April and May at the SWP 
facilities.  This increase in pumping corresponds to the period in which the majority of YOY fall-
run and spring-run Chinook salmon are entering the Delta and moving towards the ocean, thus 
increasing their vulnerability to entrainment.  In particular, San Joaquin River basin fish will be 
exposed to increased entrainment risks due to their migration route’s proximity to the pump’s 
entrainment field.  This includes the basin’s fall-run Chinook salmon population, as well as its 
severely limited steelhead population. 
 
6.6.2.4.1.6  Discussion of Relationship of Exports to Salvage 
 
There has been considerable debate over the relationship of salvage numbers and the export rate 
for many years.  In addition, the survival rate of salmonid populations passing through the Delta 
towards the ocean, and the impact of the export facilities on those populations is also an area of 
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controversy.  The CVP/SWP operations BA presented data that regressed the loss of older 
juvenile Chinook salmon against exports (figure 6-71) and found that a significant relationship 
existed.  The relationship was stronger for exports at the SWP (p = 0.000918) than for exports at 
the CVP (p = 0.0187).  The months of December through April resulted in the most informative 
relationship based on the historical number of older juvenile Chinook salmon salvaged each 
month and the relationship of each month to salvage and exports.  Conversely, regressions 
performed for monthly salvage of YOY Chinook salmon against exports did not result in a 
significant relationship at either the SWP or CVP facilities.  Potential problems in this analysis 
may stem from the reduction of pumping for 30 days during the height of the YOY Chinook 
salmon emigration for the VAMP experiment, which may skew the data set.  Likewise, as 
previously mentioned, loss of fish in the system prior to reaching the salvage facilities and their 
enumeration in the salvage will mute the response of the salvage numbers to any increase in 
exports until an apparent threshold level has been reached.  It appears that pre-facility losses 
reach a saturation point, after which salvage numbers increase in accordance with increases in 
export rates.  The shallow slope of the response curve is an indication of the relative insensitivity 
of the salvage numbers to the increases in exports.  In order to see a large change in salvage 
numbers, a substantial increase in exports is required.  The pattern of data points for larger 
juveniles indicates that at low export rates, very little increase in salvage is seen with increasing 
export rates.  However, as exports increase further, the scatter in the salvage data points increases 
with both high and low salvage numbers occurring at the same export level.  Interactions with 
predators may explain this pattern.  Increased pumping moves fish past the predators faster 
within the affected channels, reducing their exposure time to the predators.  Thus more fish show 
up to be counted at the salvage facilities once the threshold for predator success has been 
surpassed. 
 
Regressions of monthly older Chinook salmon loss against export/inflow ratio between 
December and April did not result in significant relationships at either the SWP or CVP 
facilities.  There is an inherent problem with using the E/I ratio exclusively in that significantly 
different pumping rates at the CVP and SWP can have the same E/I ratio when the inflow to the 
Delta is allowed to vary also.  Better resolution of the relationship between the salvage to E/I 
ratio is achieved when at least one of the variables to the E/I ratio is held constant.  In such 
instances, the relative importance of exports or inflow can be teased out of the relationship.  
Decisions as to which variable has more influence on the level of salvage can thus be made. 
 
Reclamation also regressed data for steelhead salvage against exports in the CVP/SWP 
operations BA.  The regressions resulted in significant relationships between exports and the 
salvage of steelhead at the facilities, more so for the SWP than the CVP (figure 6-72).  The 
months of January through May produced the most informative relationships based on the 
historical number of steelhead salvaged each month and the relationship of each month between 
salvage and exports.  Reclamation found that the months of December and June, due to the low 
number of salvaged steelhead in those months, had very poor and insignificant relationships to 
exports.  Unlike the regressions performed for juvenile Chinook salmon, Reclamation found 
significant relationships between steelhead salvage and the E/I ratio for both the SWP and CVP 
(figure 6-73). 
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Figure 6-71.  Monthly juvenile Chinook salmon loss versus average exports, December through June, 1993 
through 2006, at each facility; SWP and CVP (CVP/SWP operations BA figure 13-40). 
 
Recent analyses of the interaction of export rates and the salvage of salmonids at the CVP and 
SWP have arrived at differing conclusions based on past release and recapture studies conducted 
in the Delta.  Newman (2008) analyzed the results of studies conducted in support of the DCC 
experiments, the Delta Interior experiments, the Delta Action 8 experiments, and the VAMP 
experiments.  Newman used Bayesian hierarchical models (BHMs) to analyze the data collected 
from the multiple years of data generated by these four studies.  The BHM framework explicitly 
defines probability models for the release and recovery data gathered and subsequently 
accounted for the unequal sampling variation and between release pair variation inherent in the 
raw data pool.  Recoveries from multiple locations in the Delta were analyzed in combination 
rather than separately.  According to Newman, the BHM framework is more statistically efficient 
and coherent than the previous methods of analysis used in these experiments.  It is able to 
address deficiencies in the experimental designs and the high level of variability in the dependent 
data (e.g., salvage and survival).  Several levels of uncertainty can be accounted for using 
recoveries from multiple locations simultaneously to increase precision.  Nevertheless, the 
original release and recovery data has several significant limitations, such as that fish can be 
captured only once, the low level of fish salvaged at the CVP and SWP from individual releases 
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and the large variation between such releases under similar conditions, the low probability of 
capture in the recovery process (trawling), the relatively high level of environmental variation 
present in the data, and the lack of balance in the release strategy (VAMP experiments) all 
reduce the accuracy of the estimates of the desired endpoint, i.e., survival of released fish.  
Newman explains that given the apparently high environmental variation present in these 
experiments, it could take many more replications of the temporally paired releases to provide a 
more accurate estimate of the effects of the DCC gate position, the effects of exports and river 
flow, and the placement of the HORB on the survival of released fish.   
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Figure 6-72.  Monthly steelhead salvage versus average exports, January through May, 1998 through 2006, at 
each facility; SWP and CVP (CVP/SWP operations BA figure 13-45). 
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January through May
ln(Y) = ln(X) * 1.84995 + 7.37622

r-squared = 0.347694
p = 0.0000202

January through May
ln(Y) = X * 5.51623 + 3.34701

r-squared = 0.149247
p = 0.008761

January through May
ln(Y) = ln(X) * 1.41531 + 6.93517

r-squared = 0.336352
p = 0.0000298

January through May
ln(Y) = X * 15.5968 + 1.15489

r-squared = 0.465489
p = 0.000000245

January Only
ln(Y) = X * 3.45772 + 4.49721

r-squared = 0.213521
p = 0.201474

January Only
ln(Y) = ln(X) * 9.29869 + 3.10942

r-squared = 0.546755
p = 0.022794

January Only
ln(Y) = ln(X) * 0.278697 + 4.62541

r-squared = 0.0436417
p = 0.598595

January Only
ln(Y) = ln(X) * 1.83358 + 7.10254

r-squared = 0.257394
p = 0.163275

0.5

 
 
Figure 6-73.  Monthly steelhead salvage versus average Export/Inflow ratio in TAF, January through May, 
and January alone, 1998 through 2006, at each facility; SWP and CVP (CVP/SWP operations BA figure 13-
46). 
 
Notwithstanding these limitations, Newman reached the following conclusions: 
 
Delta Cross Channel Experiments:  There was modest evidence (64 to 70 percent probability) 
that survival of fish released at Courtland (upstream of the DCC gates) to Chipps Island relative 
to the survival of releases made from Ryde (downstream of the DCC) increased when the DCC 
gates were closed.   
 
Interior Studies:  Although there was considerable variation between paired releases, the overall 
recovery fractions for Ryde releases remained higher than the Georgiana Slough releases in all 
cases.  The means of the ratios for Ryde to Georgiana Slough recoveries were 0.26, 0.43, and 
0.39 at Chipps Island, in the ocean, and inland sites, respectively, which is consistent evidence 
that fish released in Georgiana Slough had a lower probability of surviving than fish released in 
the Sacramento River at Ryde.  Conversely, the relative fraction of fish that were salvaged at the 
CVP or SWP pumps was approximately 16 times greater for fish released in Georgiana Slough 
than for fish released in the Sacramento River at Ryde. 
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Delta Action 8 Experiments:  There was a negative association between export volumes and the 
relative survival of released salmonids (i.e., a 98 percent chance that as exports increased the 
relative survival of released Chinook salmon juveniles decreased).  However, environmental 
variation in this set of experiments was very large and interfered with the results.  There is also a 
positive association between exports and the fraction of Georgiana Slough releases that are 
eventually salvaged.  With only one exception, (1995 release group), the fraction of fish salvaged 
from Ryde releases appear to be unrelated to the level of exports (Ryde is downstream of both 
the DCC and Georgiana Slough channel openings on the Sacramento River) 
 
VAMP:  The expected probability of surviving to Jersey Point was consistently greater for fish 
staying in the San Joaquin River (i.e., passing Dos Reis) than fish entering Old River, but the 
magnitude of the difference varied between models somewhat.  The placement of the HORB 
effectively keeps fish from entering Old River; therefore the survival of out-migrants should 
increase.  There was a positive association between flow at Dos Reis and subsequent survival 
from Dos Reis and Jersey Point to Chipps Island.  If data from 2003 and later were eliminated 
from data set, then the strength of the association with flow increased and a positive association 
between flow in Old River and survival in Old River also appeared.  Finally, any associations 
between water export levels and survival probabilities were weak to negligible.  This may have 
been due to the correlation between flow and export rates during the VAMP experiments.  Given 
the complexity and number of potential models for the VAMP data, Newman recommends a 
more thorough model selection procedure using Reversible Jump MCM.  An alternative analysis 
by Hanson (2008) did not find any significant relationship between exports and survival.  
Hanson also analyzed the relationship between exports and entrainment at the CVP and SWP as 
measured by salvage.  Hanson (2008) referred to this fraction as direct losses.  In Hanson’s 
analysis, he examined the data from 118 studies involving approximately 14.2 million fish.  
Hanson found that on average, for fish released into the upper Sacramento River, direct losses 
due to the CVP and SWP pumps averaged 0.03 percent (sample size n = 118, 95 percent 
confidence interval (CI) = 0.0145) with a range of 0 to 0.53 percent.  Hanson does not elaborate 
where these fish were released in the Sacramento River, what survival rates where prior to 
entering the Delta (losses may be as high as 80 percent in the Sacramento River prior to reaching 
the Delta, MacFarlane et al. 2008), whether these releases were paired in both spatial and 
temporal aspects to minimize environmental variance, the level of variance in pumping rates 
during his selected time frames of sampling, and how the inefficiency of the trawling recoveries 
and low recoveries rates at the fish collection facilities may have biased his results (see Newman 
2008).  Whereas Newman found increasing trends for fish in Georgiana Slough to be entrained 
with increases in exports (Delta Action 8 Studies), Hanson’s analysis did not find this pattern.  
Likewise, the decrease in survival for fish in Georgiana Slough with increasing export rates 
found by Newman’s analysis were not found in Hanson’s analysis of the data.  It is not apparent 
in Hanson’s explanation of his analysis how he separated the different experimental studies into 
subgroups for statistical analysis with the goal of reducing bias and sampling variability, and 
thereby increasing the precision of his analysis. 
 
Results from the different statistical analyses indicate that the data from the multiple releases-
recapture studies are very “noisy” due to high levels of environmental variability.  Finding clear 
cut results is a difficult task in which the various sources of error in the data, whether due to 
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experimental design, sampling efficiency, hydrological conditions, temporal and spatial 
variability, or inability to maintain constant conditions during the duration of the experiment, all 
lead to a lack of resolution in determining the final result of interest.  Future studies utilizing 
acoustic tagging are aimed at reducing these confounding factors.  In particular, acoustic tagging 
gives fine scale temporal and spatial resolution to the movements and behavior of fish over an 
extended period of time.  Unlike the release–recapture studies, individual fish can be “sampled” 
continuously without loss of the test subject (i.e., captured in the trawl or salvage facility).  They 
can be followed after flow splits into different channels and their final disposition determined by 
reach, if necessary, to calculate their survival without the uncertainty of the current recapture 
methods employed in studies to date. 
 
6.6.2.5  Indirect Mortality Within the Delta 
 
6.6.2.5.1  Overview of Mortality Sources 
 
Survival of salmonids migrating through the Delta is affected by numerous variables, some 
related to the proposed action, others independent of the project.  As fish move down the 
mainstem Sacramento River into the North Delta, the intersecting channels splitting off of the 
main river channel provide alternative routes for migration.  For each of these routes, a different 
probability exists for taking that alternative channel or remaining in the main stem of the river.  
Within each channel, additional factors come into play that determines the ultimate survival of 
fish moving through that reach of water.  Survival is affected by the degree of predation within 
each individual channel, which is itself a function of predator types and density.  Some predators, 
such as striped bass, are highly efficient at feeding on various aquatic organisms and quite 
mobile, thus moving from location to location, opportunistically preying on emigrating 
salmonids when they encounter them.  Others, such as centrarchids (i.e., largemouth bass) are 
more localized and ambush prey as it moves past their location in a given channel.  They are 
unlikely to follow a migrating school of prey any great distance from their home territory.  The 
suitability of habitat for emigrating salmonids can affect whether sufficient food and cover is 
available to emigrating fish, which then influences the survival of fish moving through that 
waterway.  For example, a heavily riprapped channel that has essentially a trapezoidal cross 
section is unlikely to provide suitable foraging habitat or habitat complexity necessary for 
migrating salmonids.  This condition can be further exacerbated if the margins of the channel are 
vegetated with the non-native Egeria densa which provides excellent cover for ambush predators 
like largemouth bass.  Likewise, residence time required for passage of the fish through the 
alternative channel determines the duration of exposure to the stressors present in that channel.  
For example, a short residence time in a channel with extreme predation may have the same 
effect on survival as a prolonged residence time in a channel with low predation.   
 
The exposures to toxicants in these channels are also likely to vary substantially.  Passage 
through a channel with outfalls from a domestic wastewater treatment facility (WWTF) is likely 
to have a very different profile of chemical exposure compared to a channel dominated by 
agricultural return water runoff.  A further layer of complexity is created by precipitation events 
that create the “first flush” effects that discharges surface runoff from urbanized and agricultural 
areas into local streams and waterways through stormwater conveyance systems or irrigation 
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return ditches.  Fish swimming through these plumes are exposed to elevated levels of 
contaminants, as well as reduced water quality parameters (e.g., lowered dissolved oxygen due to 
high organic matter loading) that have a high potential for compromising the physiological status 
of the exposed fish, and increasing the level of morbidity or mortality in those fish.  In addition, 
regional effects such as river flows, tides, and export actions are superimposed on top of these 
localized effects.  These large-scale factors can influence the route taken by the fish initially and 
subsequently determine its eventual disposition due to changes in local hydraulics and flow 
patterns. 
 
6.6.2.5.2  Applicable Studies 
 
Based on previous studies to date, it is assumed that fish remaining in the main channel of the 
Sacramento River have a higher survival rate than fish which move into other distributary 
channels splitting off from the main channel.  Survival indices calculated for paired releases on 
the lower Sacramento River indicated that Chinook salmon smolts released into Georgiana 
Slough were between 1.5 times to 22 times more likely to be “lost”15 to the system than fish 
released in the main stem of the Sacramento River below the head of Georgiana Slough at the 
town of Ryde, based on the recoveries of marked fish at Chipps Island (Brandes and McLain 
2001, table 3).  This is equivalent to a mortality rate of 33 to 95 percent.  Statistical analysis by 
Newman (2008) found an average ratio of survival between the Georgiana Slough releases and 
the Ryde releases of 0.26, 0.43, and 0.39 for recoveries at Chipps Island, in the ocean harvest, 
and inland sites where adults were subsequently collected following spawning, respectively.  
Thus, survival in Georgiana Slough is less than one-half of that in the main stem Sacramento 
River, based on the Ryde releases.  In comparison, Vogel (2004) found that approximately 23.5 
percent of the radio tagged fish released in the mainstem Sacramento River during his radio 
telemetry tagging studies in the winter of 2002 were “lost,” presumably to predation, leaving 
76.5 percent of the fish reaching the Cache Slough Confluence near Rio Vista.  Concurrent 
releases in Georgiana Slough during January and February of 2002 had mortality rates of 82.1 
percent.  In a similar study conducted in 2000 by Vogel, when ambient flows in the mainstem 
were higher (22,000 to 50,000 cfs compared to 14,000 to 23,000 cfs), the predicted predation rate 
on Chinook salmon smolts in the Sacramento River fell to 20 percent, while predicted predation 
in Georgiana Slough fell to 36 percent of the released fish.  Vogel (2008a) conducted another 
study with acoustically tagged Chinook salmon smolts released on the Sacramento River near 
Old Town Sacramento in late 2006 and early 2007.  While Vogel (2008a) presented preliminary 
general statistics, the full statistical analysis of this study will be reported by the U.S. Geological 
Survey (USGS).  This study provided preliminary information on the behavior of fish as they 
passed side channels within the mainstem of the Sacramento River, and reach specific losses of 
tagged fish (assumed to be due to predation).  Two releases were made, one on December 11-12, 
2006 (n=96 fish in 4 groups of 24 fish) and one on January 22-23, 2007 (n=150 fish, released 8 
groups).  Although Vogel (2008a) presented only general summary statistics, he found that 
losses of fish that remained in the mainstem during the December study were approximately 20 
to 22 percent, while those fish that moved into Georgiana Slough and the open DCC channels 

 
15 For this discussion loss is equivalent to mortality, although the studies to date cannot determine whether loss is 
the result of mortality from predation or other sources, or the inability to detect and account for all released fish in 
the Chipps Island trawls or subsequent ocean recoveries. 
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experienced much higher levels of loss (55 percent in Georgiana Slough, 80 percent in the DCC).  
The January 2007 loss rates were slightly higher, approximately 35 percent of the mainstem fish 
were lost, while approximately 73 percent of the fish that entered Georgiana Slough were lost.  A 
fairly large fraction of fish entered the Sutter Slough and Steamboat Slough reaches (37 percent 
of the fish in the mainstem) with loss rates of approximately 40 percent (see Vogel 2008a for 
more details).  These data indicate that there are reach specific characteristics for loss rates due 
to intrinsic factors in those channels (e.g., predation).  The release of fish in December occurred 
approximately three days before the DCC was closed due to rising flows in the Sacramento River 
(DCC was closed on December 15, 2006 at 1000 hours).  Sacramento River flows increased to 
approximately 26,000 cfs during December before receding.  Therefore, fish released in West 
Sacramento had at most 3.5 days to travel downstream and encounter the open DCC gates and 
enter into the delta interior through this route.  Fish traveling downstream during this release 
encountered a rising hydrograph on the Sacramento River.  Conversely, the January 2007 release 
had closure of the DCC gates during the entire experimental period, with relatively stable flows 
below 12,000 cfs. 
 
A more detailed report concerning fish releases in mid December 2006 and mid-January 2007 
was provided by Burau et al. (2007), which statistically analyzed the distribution and survival of 
tagged salmon released during the same study as Vogel (2008a; December 11-12, 2006 and 
January 22-23, 2007).  Burau et al. (2007) estimated that 22 percent (22.2 ±0.065) of released 
fish entered Sutter Slough and approximately 4 percent (3.7 ± 0.021 percent) entered Steamboat 
Slough during the December release, the same percentages as Vogel (2008a).  Of the fish that 
reached the vicinity of the second junction point, approximately 18 percent (17.9 ± 0.057) went 
into the channel of the DCC, and an additional 20 percent (19.6 ± 0.053) went into the channel of 
Georgiana Slough.  Approximately 62 percent (62.5 ± 0.065) continued downstream in the 
Sacramento River channel below the second junction point.  Following the January releases, with 
the DCC gates closed for the entire experimental period, approximately 30 percent (29.9 ± 
0.046) of the fish entered Sutter Slough and 7 percent (7.2 ± 0.026) entered Steamboat Slough.  
Of the fish that reached the vicinity of the second junction point, approximately 29 percent (28.9 
± 0.063) entered Georgiana Slough (DCC closed) with the remainder moving downstream in the 
Sacramento River channel (71.1 ±0.063 percent).  The first release in December was made on a 
rising hydrograph with flows of approximately 19,600 cfs and 3 days before the DCC gates 
closed in response to the increasing flows.  The January releases were made under conditions in 
which the flows in the Sacramento River were much lower, approximately 11,300 cfs at 
Freeport.  The preliminary results from this study indicate that both route selection and reach 
specific-survival depend on Sacramento River discharge and DCC gate position.  Burau et al. 
(2007) states that these data indicate that: (1) when the DCC gates are closed the probability that 
salmon are entrained in Sutter, Steamboat, and Georgiana sloughs increases, which is consistent 
with increases in discharge in each of these channels when the gates are closed; (2) survival in 
every channel was higher at the higher discharge: survival in the Sacramento River increased by 
approximately 20 percent between the City of Sacramento and Sutter Slough, by approximately 8 
percent in the reach between Steamboat Slough and the DCC, and approximately 15 percent 
between Georgiana Slough and Cache Slough; (3) survival in Georgiana Slough is consistently 
lower than in any other channel when survivals were estimated (DCC channel and Mokelumne 
River survival were not estimated); and finally, (4) the precision in the survival estimates are 
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progressively lower (increasing error bars) the farther into the system the measurements are 
made due to the reduction in fish passing through the lower reaches of these channels.  The 
number of fish passing through the river sections farther from the release sites are reduced due 
to: (1) the total number of fish is progressively distributed into a greater number of pathways, 
and (2) mortality occurs as fish traverse the system, leaving fewer viable fish to traverse channels 
at a greater distance from the release site.  The preliminary results from this study suggest that 
survival increased with increasing flows in the different river channels when comparisons could 
be made.  The interpretation of the DCC gate position with survival was complicated by the very 
short duration of the “open” gate configuration (3 days) coupled with an increasing hydrograph 
during this period.  Conversely, the “closed” gate condition occurred during lower river flows 
than the open gate configuration, and thus the comparison of the gate position is confounded by 
the flow variable between the two studies. 
 
A study run by Perry and Skalski (2008) in the same region and general time frame produced 
similar results to the Vogel (2008a) and Burau et al. (2007) studies in some aspects, but different 
results in others.  They developed a mark-recapture model that explicitly estimated the route-
specific components of population-level survival in the Delta.  The point estimate of survival 
through the Delta for the first release made on December 5, 2006 (ŜDelta = 0.351, SE = 0.101, 
n=66 fish), was lower than the subsequent release made on January 17, 2007 (ŜDelta = 0.543, SE 
= 0.070, n=80 fish).  The authors attributed the observed difference in ŜDelta between releases to 
(1) changes in the proportion of fish migrating through each distinct route through the Delta, and 
(2) differences in the survival for each given route traveled.  Survival estimates for the routes 
through the interior of the Delta were lower than for the mainstem Sacramento River during both 
releases, however only 9 percent of the fish migrated through the interior of the Delta during the 
January release compared to 35 percent for the December release (table 6-32).  The DCC gates 
closed on December 15, 2006 at 1000 hours, 10 days after the first release of fish on December 
5, 2006.  Passage data indicated that approximately 95 percent of the fish had passed through the 
second junction reach by the time the gates were closed.  The first release was also made at 
Sacramento River flows of approximately 11,700 cfs at Freeport.  Flows remained below 12,900 
cfs until December 9, 2006, giving approximately 4 to 5 days of steady flow before increasing.  
Approximately 50 percent of the fish were detected arriving at the second junction prior to this 
date, and 75 percent of the fish had passed by approximately December 12, 2006.  In 
comparison, the release of fish in January corresponded with steady flows of approximately 
12,000 cfs for 10 days following the release and the gates in a closed position.  Fish passage in 
January occurred much more quickly than in December, taking only 3 to 4 days to pass through 
the second junction.  Perry and Skalski (2008) concluded that the operation of the DCC gates 
affected the route selection of fish during the study.  The gates were closed on December 15, 
2006, approximately half way through the first release study period and remained closed during 
the entire second study release period.  The operation of the DCC affected both route selection 
and the distribution of flows within the channels of the north Delta.  These effects were captured 
by the mark-recapture modeling of the study (figure 6-74). 
 
Although the Vogel (2008a), Burau et al. (2007), and Perry and Skalski (2008) acoustic tagging 
studies have relatively small sample sizes, each fish provides valuable data concerning route 
selection, migration speed, and predation (loss) vulnerabilities.  The two studies provide 
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information that corresponds to the trends observed in previous CWT studies.  These more recent 
studies verify that survival is lower within the channels of the interior delta and that higher flows 
benefit survival during fish movement downstream.  Although the Vogel (2008a) and Burau et 
al. (2007) studies could not adequately address the effect of DCC gate position on survival due 
to confounding effects of increasing river flows and the short period between release of study 
fish and the gate closure, the results from the Perry and Skalski study indicate that population 
level survival can be increased by closing the gates.  This results in reducing the fraction of the 
fish population entering the inerior of the Delta and increasing the fraction migrating through the 
northern system of channels, which include the Sacramento River, Sutter Slough and Steamboat 
Slough channels, where survival was higher relative to the interior Delta.  If replications of the 
acoustic tag studies continue to provide similar outcomes, a more defined and accurate model of 
routing and predation vulnerabilities can be developed that is statistically robust and could 
provide a more thorough understanding of the system for ongoing management needs. 
 
Table 6-32.  Route-specific survival through the Sacramento-San Joaquin Delta (Ŝh) and the probability of 
migrating through each route (Ψh) for acoustically tagged juvenile fall-run released on December 5, 2006, 
(R1) and January 17, 2007, (R2).  Also shown is the population survival through the delta (SDelta), which is the 
average of route specific survival weighted by the probability of migrating through each route (from Perry 
and Skalski 2008). 

Migration Route 
Survival 
Ŝh (SE) 

95% Profile 
Likelihood  
Interval 

Probability of 
Migratory Route 
Ψh (SE) 

95% Profile 
Likelihood  
Interval 

R1 ; December 2006 (n=66)     
A) Steamboat & Sutter Sloughs 0.263 (0.112) 0.102, 0.607 0.296 (0.062) 0.186, 0.426 
B) Sacramento River 0.443 (0.146) 0.222, 0.910 0.352 (0.066) 0.231, 0.487 
C) Georgiana Sloughs 0.332 (0.179) 0.087, 0.848 0.117 (0.045) 0.048, 0.223 
D) Delta Cross Channel 0.332 (0.152) 0.116, 0.783 0.235 (0.059) 0.133, 0.361 
SDelta (All Routes) 0.351 (0.101) 0.200, 0.692   
     
R2: January 2007 (n=80)     
A) Steamboat & Sutter Sloughs 0.561 (0.092) 0.388, 0.747 0.414 (0.059) 0.303, 0.531 
B) Sacramento River 0.564 (0.086) 0.403, 0.741 0.498 (0.060) 0.383, 0.614 
C) Georgiana Sloughs 0.344 (0.200) 0.067, 0.753 0.088 (0.034) 0.036, 0.170 
D) Delta Cross Channel NA  0.0 NA 
SDelta (All Routes) 0.543 (0.070) 0.416, 0.691   
 
The mainstem Sacramento River channel has generally lower loss rates than the smaller 
distributary channels that diverge from it and loss rates appear to be affected by river flow levels.  
The subsequent total survival of fish leaving the Delta at Chipps Island is the sum of survival 
rates in each route multiplied by the probability of selecting that route multiplied by the 
“detection” probability for that group from all of the different potential routes that fish may take 
upon entering the north Delta from the Sacramento River, including the Yolo bypass in flood.  
This survival number is the fraction of total fish entering the Delta, which have avoided all of the 
potential sources of mortality to survive to Chipps Island.  The number of fish entering the Delta 
from the Sacramento River is itself approximately 20 percent of the total number of fish that 
started migrating downstream in the Sacramento River from their natal rearing areas 
(MacFarlane et al. 2008a).  This low survival number is due to the intrinsic losses in the 



migrating population of fish as they encounter the natural and anthropogenic sources of mortality 
along the migration route. 

 

 
 

A1 = Steamboat Slough/Sutter Slough, B1 = West Sacramento, B2 = Freeport, B3 = Courtland, B4 = 
Walnut Grove/upstream of the DCC, B5 = Ryde, B6 = Rio Vista, B7 = Emmaton, B8 = Chipps Island, B9 
= pooled survival from SF Bay stations (λ), C1 = Georgiana Slough, C2 = lower Mokelumne River system, 
C3 = Antioch/ lower San Joaquin River, D1 = DCC, D2 = Downstream of DCC, upper branches of 
Mokelumne River.  Releases (Rk) are made into the Sacramento River at West Sacramento.  Junction 1 is 
the reach which includes the Steamboat/Sutter Slough junction with the Sacramento River, Junction 2 is the 
river reach which contains the Sacramento River with the DCC and Georgiana Slough.   

 
Figure 6-74.  Schematic of the mark recapture model used by Perry and Skalski (2008) used to estimate 
survival (Shi), detection (Phi), and route entrainment (ψhi) probabilities of juvenile late-fall Chinook salmon 
migrating through the Sacramento-San Joaquin River Delta for releases made on December 5, 2006, and 
January 17, 2007. 
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Population level survival through the Delta was estimated from the individual components as: 
 D 

SDelta = ∑ ψh Sh   
 h = A 

where h = the four potential routes, A – D; A = Sutter/Steamboat Slough, B = Sacramento River, 
C = Georgiana Slough, and D = Delta Cross Channel. 

 
Telemetry tagging also was instrumental in describing movement patterns in the channels of the 
Central Delta (Vogel 2004, radio telemetry) and the South Delta (SJRGA 2008, acoustic 
telemetry).  Fish released in the mainstem San Joaquin River near Fourteenmile Slough in the 
spring of 2002 and 2003 showed distinct movement patterns based on the level of export 
pumping and tides.  When the combined exports created negative flows in the channels feeding 
into the South Delta, (i.e., Turner and Columbia Cuts), a significant proportion of the released 
fish moved into those channels and were followed in a southerly direction towards the pumps.  
Conversely, when the VAMP experiment reduced export levels and increased flows in the San 
Joaquin River, more fish stayed in the main channel of the San Joaquin River and headed 
downstream with the net flow towards San Francisco Bay.  This study also determined that 
Chinook salmon smolts were not “holding” on the flood tide and then going downstream with 
the ebb tide (tidal surfing behavior).  Fish were observed to move significant distances with the 
tidal oscillation, and their net movement downstream did not occur at obvious times of the tidal 
cycle.  The data from this study and the North Delta study indicate that fish may be vulnerable to 
flow split selection several times depending on the magnitude and timing of the tidal oscillation, 
thus the probability of selecting one route over another is more complex than just a one time 
exposure to the channel split (see also Horn and Blake 2004).  The acoustic tagging studies 
conducted during the VAMP experiments (SJRGA 2007) indicated that fish responded to flow 
and presumably export levels when moving downstream in the San Joaquin River past Turner 
and Columbia Cuts, and the mouths of Middle and Old River.  The study also found that fish 
could pass through the culverts on the HORB and be subsequently detected downstream at the 
CVP and SWP facilities.  Likewise, some fish that passed by the HORB and continued 
downstream into the Delta proper, were also detected moving southwards towards the pumps, 
presumably under the influence of the net negative flows in those channels.  Preliminary 
predation hot spots, (e.g., the scour hole in front of the HORB) were also detected, as well as 
areas with potential water quality concerns (City of Stockton WWTF outfall), which 
corresponded to increased losses of tagged fish passing through those reaches. 
 
The tagging data and the results of theoretical particle tracking models (see Kimmerer and 
Nobriga 2008) support the position that movement of fish (or particles), at least in part, are 
influenced by the inflow of water into the Delta from the surrounding tributaries, and the volume 
of water being exported from the Delta by the CVP and SWP, thus affecting the flow patterns 
within the Delta channels.  While the correlation of the survival rates of fish released in the Delta 
Action 8 and the Interior Delta CWT studies with the percentages of particles reaching Chipps 
Island is poor under most of the runs, Kimmerer and Nobriga (2008) offer potential causes for 
these differences.  They opine that the lack of correlation may be merely due to the differences in 
the behavior between salmon and neutrally buoyant particles, or, on the other hand, that artifacts 
of the experiments such as the survival potential of fish traveling through the different waterways 
(i.e., predation on the CWT fish) or the lack of efficiency in the trawl recapture rates for Chipps 
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Island biases the results of the CWT studies and results in lower numbers of fish reaching the 
terminal endpoints than suggested by the PTM results.  They conclude that “despite all these 
differences, the PTM results suggests that river flow may be an important variable in 
determining which way the salmon go and their probability of survival, and should be included 
in the design and analysis of future studies” (Kimmerer and Nobriga 2008 page 19).  Operations 
of the CVP and SWP, since they are supplied by the flow of water in the Sacramento and San 
Joaquin Rivers, set the hydraulic boundary conditions in conjunction with the two main sources 
of water flowing into the Delta.  The boundary conditions, in part, dictate the flow percentage 
splits into distributary channels, in concert with the overlying tidal signal (see Horn and Blake, 
2004).  Operations of program infrastructures, such as the DCC radial gates and the South Delta 
temporary barriers, further influence the probability of entrainment into side channels leading off 
of the main river channel.  The influence of the export pumps becomes more pronounced the 
closer to the pumps the fish or experimental particle gets, until entrainment is essentially certain.   
 
DWR created a Delta Survival Model as part of their declarations to the court in September, 
2008 (Greene 2008).  The model provides estimates of survival through the Delta interior for a 
population of “fish” that enter the Delta from the Sacramento River.  The model, using inputs for 
exports and Delta inflow, calculates percentage splits of the migrating fish population moving 
downstream in the Sacramento River into the interior of the Delta.  The percentage splits are 
based on PTM simulations with injection points at Hood (upstream of the DCC and Georgiana 
Slough and indicating movement into the Delta interior) and in the South Mokelumne River 
(movement towards the export facilities in the South Delta and westwards towards Chipps 
Island).  Interpolation of data provided in the Newman (2008) analysis estimated non-export and 
export related loss encountered in the Delta based on export levels.  From the data output of the 
model, a final estimate of the survival through the Delta can be derived with losses calculated for 
export and non-export related mortality.  The model is strongly driven by the export/inflow ratio 
which determines the PTM output and hence the particle fates (i.e., fish) and by the export rate 
which determines relative survival rate between the Sacramento River and the Delta interior and 
the export related interior Delta survival rate.  NMFS biologists used the summary output from 
the three studies (7.0, 7.1, and 8.0) simulated with the CALSIM II model over the different water 
year types for the months between December and June to estimate the different rates of mortality 
expected under the different CALSIM II scenarios for emigrating salmonids.  Loss associated 
with exports ranged from 0.3 percent of the total population entering the Delta to slightly more 
than 15 percent of the population entering the Delta over the different simulation runs.  The loss 
associated with non-export factors ranged from 3.3 percent to approximately 31.5 percent of the 
population.  Total survival of the emigrating fish population was estimated to range between 41 
and 77 percent.  The data indicated that lower survival rates were predicted when E/I ratios were 
high, and more particles were moved into the Delta interior and thence southwards towards the 
export facilities.  Losses were higher in drier years and during the early season of fish migration 
(December through February).  The data also indicated that the near future and future studies 
would have higher levels of loss due to higher export levels and thus higher E/I ratios. 
 
6.6.2.5.3  Environmental Factors 
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In addition to the “direct” effects of the CVP and SWP operations manifested by flows and 
exports, the modification of the Delta hydraulics for the conveyance of water has altered the 
suitability of the Delta for native species of fish, such as Chinook salmon, steelhead, and green 
sturgeon.  Since the inception of the CVP and later the SWP, the natural variability in the 
hydrology of the Delta has been altered.  As previously explained, the amount and timing of 
runoff from the Sacramento and San Joaquin Rivers has been altered and shifted to accommodate 
human needs.  When large-scale exports of water were initiated in the South Delta, it became 
necessary to “freshen up” the Delta to guarantee high quality fresh water was available to export 
from the facilities on a reliable basis (e.g., construction of the DCC).  This necessitated an 
increase in the stability of the Delta’s hydrology and the formation of a large freshwater “lake” 
for the reliable conveyance of water from the river sources to the export facilities.  The enhanced 
stability of the freshwater pool in the Delta enabled non-native species, such as centrarchids and 
catfish, as well as invasive plants, such as Egeria densa and water hyacinth, to thrive in this 
“new” Delta hydrology (Brown and Michniuk 2007).  In addition, the altered ecological 
characteristics of the Delta have been proposed as a contributing factor in the recent Pelagic 
Organism Decline (POD) observed in the Delta.  The combination of these exotic species and 
altered ecological characteristics of the Delta interact to decrease the suitability of the Delta for 
native species of fish and have increased the potential for predation and loss (see 2008 
CVP/SWP operations BA, Delta smelt sections for a more detailed explanation). 
 
6.6.2.5.4  Summary 
 
Many of the indirect mortality events are interrelated to the operations of the CVP and SWP.  As 
previously discussed, the Delta has been operated as a freshwater conveyance instrument for the 
past half century.  The necessity for the stable and reliable transfer of freshwater from the 
Sacramento River across this large expanse of waterways has required that natural hydrologies 
and circulation patterns be altered to maximize the efficiency of the water operations.  This 
change has benefited non-native species to the detriment of native species, which evolved with a 
more dynamic habitat, which included variable hydrographs and seasonal fluxes of salinity into 
the western Delta.  In light of the POD phenomenon that has become evident in the Delta in 
recent years, the aspect of a bottom to top reorganization of the ecosystem during the past decade 
indicates that the Delta is “unhealthy” and even the exotic, introduced species (i.e., striped bass, 
thread fin shad, etc.) are in decline.  Continued operations of the CVP and SWP are unlikely to 
benefit the health of the Delta, and increases of the facility operations are likely to degrade the 
system beyond their current conditions, rather than return the Delta to a more natural condition, 
with more functional hydraulics conducive to a healthy ecosystem.  
 
6.6.2.6  Assess Risk to Individuals 
 
This section summarizes the potential risks faced by individual fish of the winter-run population, 
the spring-run population, the CV steelhead population, and the Southern DPS of green sturgeon 
in the Delta region.  The previous sections have described in detail, the effects of the proposed 
export operations on these fish.   
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Increased pumping, as proposed in the project description will increase the vulnerability of 
individual fish to entrainment at the TFCF and the SFPF in the South Delta.  Salmonids 
entrained at the Federal facility, the TFCF, have a maximal survival estimate of approximately 
35 percent under normal operating conditions.  However this survival rate may decrease even 
further depending on louver cleaning frequency, pumping operations, and predation following 
CHTR releases.  The survival rate of salmonids at the state’s facility, the SFPF, is estimated to be 
approximately 16 percent under normal operating conditions.  Unlike the Federal facility, where 
most of the salmonid loss is attributed to the louvers, the state’s facility has relatively efficient 
louvers, but substantially greater predation risks.  Predation loss within CCF is the main variable 
driving survival of entrained fish with little difference evident between the smaller salmon 
smolts and the larger steelhead smolts.  It is estimated that only one out of every four to five fish 
entering the forebay survive their transit across this water body to be salvaged at the louvers.  
This predation risk is dependent on predator density and behavior in the forebay.  Additional 
changes to the survival estimate can occur due to changes in export levels at the Banks Pumping 
Plant and predation risks following release back into the system at the CHTR release stations.  It 
is unknown what percentages of juvenile and sub-adult green sturgeon are lost at the fish 
collection facilities.  Based on the studies by Kynard and Horgan (2001), salvage rates should be 
almost 100 percent for green sturgeon based on the efficiencies for shortnose and pallid sturgeon.  
However, cleaning of the louvers where the louvers are lifted out of their guides and reductions 
in flow along the louver face during export reductions may degrade the louver efficiency for 
green sturgeon and loss of individual fish becomes greater under such conditions. 
 
Salmonids are also subject to loss as they cross the Delta during their downstream migration 
towards the ocean.  As shown by the Burau et al. (2007), Perry and Skalski (2008) and Vogel 
(2008a) studies, individual fish risk entrainment into the channels of Georgiana Slough under all 
conditions and into the Mokelumne River system when the DCC gates are open as they migrate 
downstream in the Sacramento River.  Estimated average survival is only 33 percent with a range 
of approximately 10 percent to 80 percent survival.  Most of this loss is believed to be associated 
with predation, but may also include prolonged exposure to adverse water quality conditions 
represented by temperature or contaminants.  Several years of salmonid survival studies utilizing 
both CWT and acoustically tagged fish indicate that survival is low in the interior Delta 
waterways compared to the mainstem Sacramento River.  Likewise, survival in the upper San 
Joaquin River between Durham Ferry and Jersey Point is substantially lower than survival from 
Jersey Point to Chipps Island (VAMP studies), indicating that transiting the Delta interior is a 
very risky undertaking for fish exiting from the San Joaquin River basin or the east side 
tributaries (Mokelumne and Calaveras River basins).  The probability of ending up at the Delta 
export facilities or remaining in the interior delta waterways increases with increased export 
pumping, particularly for those fish in the San Joaquin River system.   
 
NMFS estimates that loss associated with exports for fish emigrating downstream in the 
Sacramento River and entering the Delta ranged from 0.3 percent of the total population entering 
the Delta to slightly more than 15 percent of the population entering the Delta based on the 
different CALSIM II simulation runs for current (Study 7.0), near future (Study 7.1) and future 
conditions (Study 8.0) and the Delta Survival Model developed by DWR.  The loss associated 
with non-export factors ranged from 3.3 percent to approximately 31.5 percent of the population.  
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Total survival of the emigrating fish population from the Sacramento River basin was estimated 
to range between 41 and 77 percent for fish entering the Delta and subsequently reaching Chipps 
Island in the western edge of the delta.  These values most accurately represent losses to winter-
run Chinook salmon and spring-run Chinook salmon since loss rates in the DWR model were 
constructed from studies of CWT tagged Chinook salmon.  NMFS will also use these loss rates 
for CV steelhead migrating downstream in the Sacramento River for lack of species-specific 
studies for steelhead predation losses.  Loss rates due to predation in the CCF were similar 
between the smaller Chinook salmon smolts and the larger steelhead smolts, and therefore 
provide a level of justification in making this assumption.  The loss of juvenile and sub-adult 
green sturgeon in the delta due to exports is unknown.  To date, NMFS is not aware of any 
studies designed to quantify the loss of these fish to export related actions.  Only recently have 
acoustic tagging studies been undertaken to study the movement of fish through the delta and 
results are still being interpreted by the study investigators.  The fact that some individual green 
sturgeon are collected at the export fish salvage facilities indicates that these fish are vulnerable 
to the exports and may incur population level effects.  Loss rates for CV steelhead emigrating 
from the San Joaquin River basin and the east side tributaries of the Calaveras River and 
Mokelumne River systems are expected to be substantially higher than those experienced by the 
Sacramento River basin fish due to the proximity of the main migration corridor (the San 
Joaquin River) to the export facilities.  Stronger flow effects from the pumps are observed on the 
San Joaquin River waterways and the nature of the south Delta channels provide multiple access 
points to the exports when water is being diverted. 
 
Loss rates at the export facilities typically account for several hundred to several thousand 
individual wild fish per year from the different salmonid populations.  As previously discussed, 
the importance of these wild fish to the population is potentially greater than their actual 
numbers.  These fish represent individuals who have survived the numerous stressors present in 
the system between their natal streams and the Delta, and therefore represent behavioral and 
physiological traits that are necessary for survival in the natural environment.  Loss of these 
individuals represents a loss of survival traits that would be beneficial to the population as a 
whole. 
 
An historical assessment of estimated survival of fall-run smolts through the Delta by water year 
type at different levels of development in the Central Valley was calculated by Kjelson and 
Brandes (1989).  They found that water development has adversely affected smolt survival over 
the period spanning 1920 to 1990.  The authors reggressed smolt survival estimates on the 
Sacramento River with river flows at the City of Sacramento and applied this to monthly 
estimates of smolt migration through the Delta.  These parameters were then used to calculate 
average survival rates using estimated historic flow patterens at Sacramento under four different 
water development scenarios.  The results indicted that reduced inflow to the Delta caused by 
water development in the Sacramento Valley has reduced smolt survival substantially (table 6-
33).  The greatest differences in survival occurred in dry and critical years.  The estimated 
maximum decrease in survival associated with the 1990 level of development occurred with the 
no development scenario.  The authors estimated that between 1940 and 1990, survival of fall-
run smolts decreased about 30 percent.  These are considered minimal estimates of survival 
decline, since greater survival per unit flow would have occurred prior to the operations of the 
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DCC in the 1950s than was deduced form the current survival relationships.  Survival is more 
than likely less now than the estimates for the 1990 level of development due to the increased 
demands in the Central Valley over the intervening 20 years. 
 
Table 6-33.  Average estimated Delta survival indices of fall-run Chinook salmon smolts by water year type at 
different levels of development:  unimpaired (no development), and at 1920, 1940, and 1990 levels of 
development (Table 7 in Kjelson and Brandes 1989). 
 

Water Year 
Type 

Sample Size Unimpaired 
No 

Development 

1920 Level of 
Development 

1940 Level of 
Development 

1990 Level of 
Development 

Wet 19 0.97 0.92 0.91 0.83 
Above 

Normal 
10 0.91 0.85 0.83 0.61 

Below 
Normal 

10 0.84 0.69 0.66 0.41 

Dry 10 0.76 0.57 0.55 0.33 
Critical 8 0.33 0.17 0.21 0.12 
Mean  0.76 0.64 0.63 0.46 

Annual survivals were estimated by weighting monthly survival indices by the average percent from 1978 to 
1986 of total outmigrants going to sea (Table 6 in Kjelson and Brandes 1989).  Monthly survival indices were 
estimated from monthly flows using linear relationships between salmon survival and flow at Sacramento 
where y = 0.00005x – 0.465 when y = survival and x = mean monthly Sacramneto River flow.  Data from 
1969-71 and 1978-81 were used to derive the equation.  Monthly flows for the four different levels of 
developemnt were obtained from the California Department of Water Resources planning simulation Model 
studies. 
 
6.6.2.7  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The proposed export actions represent an adverse impact to the PCEs of the designated and 
proposed critical habitats in the Delta region.  As discussed in the preceding effects section, the 
exports divert a substantial amount of water (approximately 6 to 8 MAF annually) from the Delta 
environment.  The hydraulic changes created by the export actions have altered the suitability of 
the delta as a rearing area and migratory corridor for juvenile salmonids, particularly for Central 
Valley steelhead which has designated critical habitat in the accessible waterways throughout the 
entire legal Delta.  Likewise, the proposed critical habitat for the Southern DPS of green 
sturgeon encompasses the accessible waterways of the Delta, and overlaps the geographical area 
of the designated critical habitat for CV steelhead.  Designated critical habitat for winter-run and 
spring-run is primarily confined to the north Delta region and the waterways associated with the 
main channel of the Sacramento River. 
 
The effects of the CVP/SWP on the rearing qualities of the Delta are related to the removal or 
reduction of potential forage species from the Delta environment.  Juvenile salmonids and green 
sturgeon rely on both benthic and pelagic microinvertebrates for their forage base.  The actions 
of the exports directly remove the pelagic forms of these microinvertebrates (copepods, diatoms, 
cladocerans, etc.) through water diversion while also indirectly affecting the benthic forms.  
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These forage species rely on food webs in which phytoplankton and detritus serve as energy 
sources.  Removal of the phytoplankton from the Delta due to water diversions by the CVP/SWP 
exports disrupts the flow of energy available to these other pelagic and benthic invertebrate 
communities, as well as reduces the creation of detrital matter from the decomposition of these 
organisms in the system along with other organic matter.   
 
The actions of the CVP and SWP contribute to the degradation of the waterways in the Delta as 
migratory corridors.  As described in the effects of the export actions above, emigrating juvenile 
salmonids are adversely affected by the withdrawal of water from the Delta by the export pumps.  
The flow of water southwards towards the pumps disrupts the natural flow cues used by 
emigrating salmonids to reach the lower estuary and the ocean beyond.  The alteration in the 
hydrodynamics can entrain fish southwards from the Central Delta towards the pumps, delay 
migration by disrupting the normal flow cues associated with net downstream flow, and increase 
the vulnerability of fish to predation by lengthening their migratory route or directing them into 
new channels not normally used for emigration to the ocean.  The effects on San Joaquin River 
basin steelhead are most pronounced as the conservation value of the migratory corridors in the 
south and central Delta are the most degraded.  Under current conditions, few steelhead are 
expected to successfully reach the western Delta and the ocean beyond.  Impacts to juvenile and 
sub-adult green sturgeon are less clear as these fish spend 1 to 3 years rearing in the Delta 
environment before transitioning to their marine life history stage.  During this Delta rearing 
phase, fish are free to migrate throughout the Delta.  Entrainment by the net negative export 
flows in the central and southern delta may cause fish to be pulled into the southern Delta 
waterways in an unnatural proportion to their normal movements.  Ongoing acoustic tracking 
studies should provide more detailed information on the movements of this life stage in the 
Delta. 
 
6.6.3  Clifton Court Aquatic Weed Control Program 
 
6.6.3.1  Deconstruct the Action 
 
The SWP has proposed treating the waters of Clifton Court Forebay with copper-based 
herbicides, including Komeen®, Nautique® and copper sulfate pentahydrate to reduce the 
standing crop of the invasive aquatic weeds or algal blooms growing in the water body.  The 
dominant species of aquatic weed in the forebay is Egeria densa, however other native and 
invasive aquatic weeds are present.  Excessive weeds fragment and clog the trashracks and fish 
screens of the Skinner Fish Protection Facility reducing operating efficiency and creating 
conditions in which the screens fail to comply with the appropriate flow and velocity criteria for 
the safe screening of listed fish.  In addition, the weeds create sufficient blockage to the flow of 
water through the trashracks and louver array, that the pumps at the Banks Pumping Facility 
begin to reduce the water level downstream of the Skinner Facility and the loss of hydraulic head 
creates conditions that lead to cavitation of the impeller blades on the pumps if pumping rates are 
not quickly reduced.  The algal blooms do not affect the pumps, but rather reduce the quality of 
the pumped water by imparting a noxious taste and odor to the water, rendering it unsuitable for 
drinking water.   
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DWR has applied herbicides in Clifton Court Forebay since 1995, typically during the spring or 
early summer when listed salmonids have been present in the forebay.  Applications, however, 
have occurred as early as May 3rd and as late as September 10th during this time.  Copper based 
herbicides present toxicity issues to salmonids and green sturgeon due to their high sensitivity to 
copper at both sublethal and lethal concentrations. 
 
DWR, in response to NMFS’ concern over the use of Komeen® during periods when listed 
salmonids may be present in the Clifton Court Forebay, has altered its operational procedure for 
application of copper-based herbicides from previous operations.  DWR has proposed to apply 
copper sulfate or Komeen® between July 1 and August 31 of each year as needed.  In addition, 
DWR will conduct the following actions: 
 

1. Monitor the salvage of listed fish at the Skinner Facility prior to the application of the 
herbicides in Clifton Court Forebay. 

2. Close the radial intake gates at the entrance to Clifton Court Forebay 24 hours prior to the 
application of herbicides to allow fish to move out of proposed treatment areas and 
towards the salvage facility. 

3. The radial gates will remain closed for 24 hours after treatment to allow for at least 24 
hours of contact time between the herbicide and the treated vegetation in the forebay.  
Gates will be reopened after a minimum of 48 hours.   

4. Komeen® will be applied by boat, starting at the shore and moving sequentially farther 
offshore in its application.  Applications will be made be a certified contractor under the 
supervision of a California Certified Pest Control Advisor.  

5. Application of the herbicides will be to the smallest area possible that provides relief to 
the project. 

6. Monitoring of the water column concentrations of copper is proposed during and after 
herbicide application.  No monitoring of the copper concentration in the sediment or 
detritus is proposed. 

 
6.6.3.2  Assess the Species Exposure 
 
The timing of the application of the aquatic herbicide Komeen® to the waters of the forebay will 
occur during the summer months of July and August.  The probability of exposing salmonids to 
the copper-based herbicide is very low due to the life history of Chinook salmon and steelhead in 
the Central Valley’s Delta region.  Migrations of juvenile winter-run and spring-run fish 
primarily occur outside of the summer period in the Delta.  The presence of juvenile winter-run 
and spring-run in the Delta is described in Section 5.5 Status of the Species and Critical Habitat 
in the Delta Division.  CV steelhead have a very low probability of being in the South Delta 
during the July through August period proposed for herbicide treatments.  Historical salvage data 
indicates that in wet years, a few steelhead may be salvaged as late as early July, but this is 
uncommon and the numbers are based on a few individuals in the salvage collections.  Based on 
typical water temperatures in the vicinity of the salvage facilities during this period, the 
temperatures would be incompatible with salmonid life history preferences, generally exceeding 
70oF by mid-June.  In contrast, juvenile and sub-adult green sturgeon are recovered year-round at 
the CVP/SWP facilities, and have higher levels of salvage during the months of July and August 
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compared to the other months of the year.  The reason for this distribution is unknown at present.  
Therefore, juvenile and sub-adult green sturgeons are likely to be present during the application 
of the copper-based herbicide Komeen®. 
 
6.6.3.3  Assess Species Response to the Application of Herbicides for the Aquatic Weed 
Control Program in Clifton Court Forebay 
 
Previous applications of Komeen® have followed the label directions of the product, which limits 
copper concentration in the water to 1,000 μg/L [1 part per million (ppm) or 1,000 parts per 
billion (ppb)].  Under the current proposal, DWR intends to apply Komeen® at a working 
concentration in the water column of 640 ppb as Cu2+ from the Komeen® formulation.  The 
copper in Komeen® is chelated, meaning that it is sequestered within the Komeen® molecule and 
is not fully dissociated into the water upon application.  Therefore, not all of the copper 
measured in the water column is biologically available at the time of application.  Toxicity 
studies conducted by the California Department of Fish and Game (CDFG 2004a, b) measured 
the concentrations of Komeen® that killed 50 percent of the exposed population over 96 hours 
(96hr-LC50) and 7 days (7d LC50) as well as determining the maximum acceptable toxicant 
concentration level (MATC) to exposed organisms.  CDFG found that the 96hr-LC50 for fathead 
minnows (Pimephales promelas) was 310 ppb (180 – 530 ppb 95 percent confidence limit) and 
the 7d- LC50  was 190 ppb.  The MATC was calculated as 110 ppb Komeen® in the water 
column.  Splittail (Pogonichthys macrolepidotus), a native cyprinid minnow, was also tested by 
CDFG.  The 96hr-LC50 for splittail was 510 ppb. 
 
NMFS did not find toxicity data for exposure of sturgeon to Komeen®, however exposure to 
other compounds including pesticides and copper were found in the literature (Dwyer et al. 2000, 
Dwyer et al. 2005a, b).  From these studies, sturgeon species appeared to have sensitivities to 
contaminants comparable to salmonids and other highly sensitive fish species.  Therefore, NMFS 
will assume that green sturgeon will respond to Komeen® in a fashion similar to that of 
salmonids and should have similar mortality and morbidity responses.   
 
Pacific salmonids (Oncorhynchus spp.) are very susceptible to copper toxicity, having the lowest 
LC50 threshold of any group of freshwater fish species tested by the EPA in their Biotic Ligand 
Model (BLM; EPA 2003a) with a Genus Mean Acute Value (GMAV) of 29.11 μg/l of copper.  
In comparison, fathead minnows (Pimephales promelas), the standard EPA test fish for aquatic 
toxicity tests, have a GMAV of 72.07 μg/l of copper.  Therefore, salmonids are approximately 3 
times more sensitive to copper than fathead minnows, the standard test fish in EPA toxicity 
testing.  NMFS assumes that sturgeon will have a similar level of sensitivity.  Hansen et al. 
(2002) exposed rainbow trout to sub-chronic levels of copper in water with nominal water 
hardness of 100 mg/l (as CaCO3).  Growth, whole body copper concentrations, and mortality 
were measured over an 8-week trial period.  Significant mortality occurred in fish exposed to 
54.1 μg/l copper (47.8 percent mortality) and 35.7 μg/l copper (11.7 percent mortality).  Growth 
and body burden of copper were also dose dependent with a 50 percent depression of growth 
occurring at 54.0 μg/l, but with significant depressions in growth still occurring at copper doses 
as low as 14.5 μg/l after the 8-week exposure. 
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In a separate series of studies, Hansen et al. (1999a, b) examined the effects of low dose copper 
exposure to the electrophysiological and histological responses of rainbow trout and Chinook 
salmon olfactory bulbs, and the two fish species behavioral avoidance response to low dose 
copper.  Chinook salmon were shown to be more sensitive to dissolved copper than rainbow 
trout and avoided copper levels as low as 0.7 μg/l copper (water hardness of 25 mg/l), while the 
rainbow trout avoided copper at 1.6 μg/l.  Diminished olfactory (i.e., taste and smell) sensitivity 
reduces the ability of the exposed fish to detect predators and to respond to chemical cues from 
the environment, including the imprinting of smolts to their home waters, avoidance of chemical 
contaminants, and diminished foraging behavior (Hansen et al. 1999b).  The olfactory bulb 
electroencephalogram (EEG) responses to the stimulant odor, L-serine (10-3 M), were completely 
eliminated in Chinook salmon exposed to ∃50 μg/l copper and in rainbow trout exposed to ∃200 
μg/l copper within 1 hour of exposure.  Following copper exposure, the EEG response recovery 
to the stimulus odor were slower in fish exposed to higher copper concentrations.  Histological 
examination of Chinook salmon exposed to 25 μg/l copper for 1 and 4 hours indicated a 
substantial decrease in the number of receptors in the olfactory bulb due to cellular necrosis.  
Similar receptor declines were seen in rainbow trout at higher copper concentrations during the 
one-hour exposure, and were nearly identical after four hours of exposure.  A more recent 
olfactory experiment (Baldwin et al. 2003) examined the effects of low dose copper exposure on 
coho salmon (O. kisutch) and their neurophysiological response to natural odorants.  The 
inhibitory effects of copper (1.0 to 20.0 μg/l) were dose dependent and were not influenced by 
water hardness.  Declines in sensitivity were apparent within 10 minutes of the initiation of 
copper exposure and maximal inhibition was reached in 30 minutes.  The experimental results 
from the multiple odorants tested indicated that multiple olfactory pathways are inhibited and 
that the thresholds of sublethal toxicity were only 2.3 to 3.0 μg/l above the background dissolved 
copper concentration.  The results of these experiments indicate that even when copper 
concentrations are below lethal levels, substantial adverse effects occur to salmonids exposed to 
these low levels.  Reduction in olfactory response is expected to increase the likelihood of 
morbidity and mortality in exposed fish by impairing their homing ability and consequently 
migration success, as well as by impairing their ability to detect food and predators [Also see the 
technical white paper on copper toxicology issued by NMFS (Hecht et al. 2007)].  Given that 
sturgeon use their sense of smell and tactile stimulus to find food within the bottom substrate, 
degradation of their olfactory senses could diminish their effectiveness at foraging and 
compromise their physiological condition through decreases in caloric intake following copper 
exposure. 
 
In addition to these physiological responses to copper in the water, Sloman et al. (2002) found 
that the adverse effect of copper exposure was also linked to the social interactions of salmonids.  
Subordinate rainbow trout in experimental systems had elevated accumulations of copper in both 
their gill and liver tissues, and the level of adverse physiological effects were related to their 
social rank in the hierarchy of the tank.  The increased stress levels of subordinate fish, as 
indicated by stress hormone levels, is presumed to lead to increased copper uptake across the 
gills due to elevated ion transport rates in chloride cells.  Furthermore, excretion rates of copper 
may also be inhibited, thus increasing the body burden of copper.  Sloman et al. (2002) 
concluded that not all individuals within a given population will be affected equally by the 
presence of waterborne copper, and that the interaction between dominant and subordinate fish 
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will determine, in part, the physiological response to the copper exposure.  It is unknown how 
social interactions affect juvenile and sub-adult green sturgeon in the wild. 
 
Current EPA National Recommended Water Quality Criteria and the California Toxics Rule 
standards promulgate a chronic maximum concentration (CMC) of 5.9 µg/l and a continuous 
concentration criteria of 4.3 µg/l for copper in its ionized form.  The dissociation rate for the 
chelated copper molecule in the Komeen® formulation was unavailable at the time of this 
consultation, so that NMFS staff could not calculate the free ionic concentration of the copper 
constituent following exposure to water.  However, the data from the CDFG toxicity studies 
indicates that a working concentration of 640 ppb Komeen® will be toxic to salmonids if they are 
present, either causing death or severe physiological degradation, and therefore green sturgeon 
would likely be similarly affected based on their similar sensitivities to copper toxicity.   
 
6.6.3.4  Assess Risks to Individuals 
 
The proposed modifications to the herbicide application program’s period of application (July 1 
through August 31) will substantially avoid the presence of listed salmonids in the Clifton Court 
Forebay due to the run timing of the juveniles through the Delta.  As described earlier, Central 
Valley steelhead smolts may arrive during any month of the year in the delta, but their likelihood 
of occurrence is considered very low during the summer months of July and August.  It also is 
highly unlikely that any winter-run or spring-run will be present during this time period in the 
South Delta.  Unlike the salmonids, however, representatives of the Southern DPS of green 
sturgeon are routinely salvaged during the summer at both the CVP and SWP fish salvage 
facilities.  This is related to their year round residency in the Delta during their first 3 years of 
life.  The numbers salvaged typically increases during the summer (see figure 4-11).  It is 
therefore likely that individuals from the Southern DPS of green sturgeon will be exposed to the 
copper herbicides, and based on the comparative sensitivities of sturgeon species with salmonids, 
some of these fish are likely to be killed or otherwise negatively affected.  The exact number of 
fish exposed is impossible to quantify, since the density of green sturgeon residing or present in 
the forebay at any given time is unknown.  The short duration of treatment and rapid flushing of 
the system will help to ameliorate the adverse conditions created by the herbicide treatment. 
 
The application of Komeen® to Clifton Court Forebay under the Aquatic Weed Control Program 
will not affect the populations of winter-run or spring-run.  These populations of salmonids do 
not occur in the South Delta during the proposed period of herbicide applications and thus 
exposure to individuals is very unlikely.  Since no individual fish are exposed, population level 
effects are absent.  Exposure of CV steelhead is also very unlikely; however some individual fish 
may be present during July as indicated by the historical salvage record and thus occurrence of 
fish in the forebay during the Komeen® treatment is not impossible.  The numbers of steelhead 
that may be potentially exposed to the copper-based herbicide is believed to be very small, and 
therefore demonstrable effects at the population level resulting from Komeen® exposure are 
unlikely.   
 
The effects to the green sturgeon population are much more ambiguous due to the lack of 
information regarding the status of the population in general.  Although NMFS estimates that 
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few green sturgeons will be exposed during the 2 to 3 days of herbicide treatment; the relative 
percentage of the population this represents is unknown.  Likewise, the number of green sturgeon 
that reside in the forebay at any given time and their susceptibility to entrainment is also 
unknown.  This uncertainty complicates the assessment of both population and individual 
exposure risks.  This area of green sturgeon life history needs further resolution to make an 
accurate assessment of the impacts to the overall status of the population. 
 
6.6.3.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
Clifton Court Forebay is not part of the designated critical habitat for CV steelhead and thus 
actions taken within the forebay itself do not affect PCEs in the Delta for rearing habitat or 
migratory corridors.  The design of the herbicide application protocol prevents movement of the 
copper-based herbicide from the forebay into the waters of the Delta outside of the forebay 
through the closure of the radial gates.  After the exposure period, residual herbicide is pulled 
into the California Aqueduct via the pumps when the radial gates are opened to let in fresh water 
from the Delta.  The flushing of the forebay with external Delta water should reduce any 
remaining Komeen® to insignificant levels and move the treated water volume into the aqueduct 
system of the SWP.  There should be no discernable effects on designated critical habitat outside 
of the forebay.  The proposed critical habitat for the Southern DPS of green sturgeon also does 
not include the forebay.  As previously discussed above, measures to prevent movement of the 
copper-based herbicide outside of the forebay treatment area should preclude any discernable 
effects on proposed critical habitat for green sturgeon. 
 
6.6.4 South Delta Improvement Program – Stage 1 
 
6.6.4.1  Deconstruct the Action 
 
The South Delta Improvement Program (SDIP) Stage 1 involves the placement of four 
permanent gates in the channels of the South Delta already affected by the temporary rock 
barriers installed under the TBP action.  Three of the location, Old River at Tracy, Middle River 
near Victoria Canal, and the Head of Old River are essentially the same as the locations for the 
temporary barriers previously discussed in section 5.6.3.  The fourth location, the channel 
formed by Fabian - Bell and Grant Line Canals will have the permanent structure located several 
miles to the west of the temporary barrier location.  The permanent operable gate will be near the 
confluence of the Fabian - Bell and Grant Line Canal channel with Old River.  This location is 
between the CVP and SWP facilities on Old River just south of Coney Island.  For a short 
period, during the construction of the permanent gates, the rock barriers will continue to be 
installed and operated and there will be an overlap between the two actions.  NMFS expects that 
the operation of the permanent gates proposed for the SDIP will have many of the same effects 
as described for the TBP in regards to changes in the regional hydrodynamics and the increase in 
predation levels associated with the physical structures and near-field flow aspects of the 
barriers.  The effects of the temporary barriers have been described in NMFS (2009).  The 
CALSIM II and DSM 2 modeling conducted for this consultation incorporated the permanent 
barriers into the modeling assumptions for Studies 7.1 and 8.0 while including the temporary 
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barriers as part of the current conditions under the assumptions for Study 7.0.  Therefore, 
individual effects of the barriers on the future conditions must be inferred from the modeling 
output, or derived from other sources of information.  The future baseline conditions include the 
ongoing natural and anthropogenic activities in the Delta not associated with the project (levees, 
dredging, contaminants, urban development, non-native species, predation, etc.).  NMFS 
considers the 4-month winter “no barrier” situation to be the most conservative future baseline 
condition with regard to the TBP.  It represents a “no action” condition for the barrier operations.  
In winter, the HORB is completely removed while the majority of the three agricultural rock 
barriers are removed, leaving only portions of the the side abutments containing the culverts 
remaining in the river channel.  The channels are open to river flow and tidal circulation with a 
minimum of channel obstruction.  The projects would be operated to Study 7.0, the purported 
baseline condition present under current operations in the simulation modeling.  Addition of the 
barriers in spring is in response to the ongoing export actions of the project and the requirement 
to provide suitable water surface elevations in the south Delta for agricultural diversions. 
 
As described in previous sections, future pumping rates are expected to increase during the April 
and May time frame over the current conditions due to the reduction in “environmental” water 
available to make export curtailments.  Although the reduction in “environmental water” is not 
related to the proposed SDIP action, it does coincide with the proposed operations of the 
permanent gates in April and May, and therefore has bearing on the effects of the gates on fish 
drawn into the South Delta by the export actions.  Based on the description and analysis for the 
SDIP in the draft EIR/EIS (DWR 2005) and the SDIP Action Specific Implementation Plan 
(DWR 2006), the stated purposes for the permanent gates, includes maintaining surface water 
elevations for South Delta agricultural diverters and enhancing the flexibility to operate the CVP 
and SWP exports without impacting the South Delta diverters.  Operations of the inflatable gates 
from June through November likewise enable the projects to more frequently sustain higher 
levels of pumping within regulatory and operational parameters by avoiding impacting South 
Delta water elevations and reducing the electrical conductivity levels in the South Delta 
waterways.  It does this by “trapping” high quality Sacramento River water upstream of the 
permanent operable gates and redirecting its flow within the channels to improve water quality 
and circulation between the three agricultural gates.  During the flood tide, higher quality water 
with Sacramento River origins flows upstream past the position of the gates and provides the 
desired water quality conditions within the South Delta channels.  Without the gates, this higher 
quality water would flow back downstream on the ebb tide and not provide the desired water 
quality improvements upstream of the gate positions during all phases of the tidal cycle. 
 
6.6.4.2  Assess Species Exposure 
 
The permanent operable gates proposed under the SDIP action will be present year round in the 
four locations in the South Delta identified for the operable gates.  Winter-run juveniles will be 
exposed to the effects of the gates from December through June when they have been 
documented to occur in the channels of the South Delta based on the salvage records of the 
projects.  Predation associated with the physical structures of the operable gates will occur year 
round and effect juvenile winter-run when they are present in the vicinity of the gates.  
Operations of the gates will occur from April through November and affect juvenile winter-run 
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when they are present during this time period (April through June).  In addition to predation, 
delays in migration and hydraulic effects linked to the operation of the inflatable gates will affect 
winter-run juveniles during this period.  No adult winter-run are expected to be present at any 
time in the channels influenced by the operable gates.   
 
Juvenile spring-run are expected to be present from January through June based on historical 
salvage records.  Predation associated with the physical structures of the operable gates will 
occur year round and effect juvenile spring-run when they are present in the vicinity of the gates.  
Operations of the gates will occur from April through November and affect juvenile spring-run 
from approximately April through June.  In addition to predation, delays in migration and 
hydraulic effects linked to the operation of the inflatable gates will affect juvenile spring-run 
during this period.  No adult spring-run are expected to be present at any time in the channels 
influenced by the operable gates.   
 
CV steelhead smolts may be present from approximately November through the end of June 
based on historical salvage records.  Predation associated with the physical structures of the 
operable gates will occur year round and affect steelhead smolts when they are present in the 
vicinity of the gates.  Operations of the gates will occur from April through November and affect 
juvenile spring-run from approximately April through June and late fall (November).  In addition 
to predation, delays in migration and hydraulic effects linked to the operation of the inflatable 
gates will affect steelhead smolts during this period.  Adult steelhead from the San Joaquin River 
basin are expected to be present in the channels influenced by the operable gates during their 
upstream spawning run.  This is typically the fall through the winter period (September through 
approximately March) with the highest numbers occurring in December. 
 
Green sturgeon have the potential to be present year round in the areas affected by the operable 
gates.  Historical salvage records indicate that juveniles (≈130 mm to 750 mm) have been 
salvaged in every month of the year at the CVP and SWP fish collection facilities.  Fishing 
records (CDFG 2008) provided by the new sturgeon report card for sport fishermen indicate that 
adults and sub-adults are caught by fisherman year round in the San Joaquin River. 
 
6.6.4.3  Assess Species Response to the Proposed Action 
 
The operation of the permanent agricultural gates allows the manipulation of water circulation in 
the channels of the South Delta by redirecting flows “upstream” in Old and Middle rivers and 
downstream through Grant Line and Fabian/Bell canals.  This redirection of flows in the 
channels of the South Delta is accomplished through the operation of the inflatable gates 
(“Obermeyer” style dams).  Gates are fully deflated when the downstream tidal elevations match 
the upstream water elevations.  At this time, flooding tides are allowed to flow over the fully 
lowered dam and into the channels upstream of the gate structures.  Estimates of the volume of 
flood tide allowed to pass over the gates are approximately 80 percent of the unimpeded flow 
without the barriers (or their operations).  The current temporary rock barriers allow significantly 
less, water to flow over them, passing approximately 50 percent of the unimpeded tidal flow 
upstream of the barriers.  The current temporary barriers present a greater physical barrier to tidal 
upstream flows, allowing water to pass through the culverts or over the top of the weir when tidal 
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elevations are sufficient, while blocking a large fraction of the tidal volume with the rock weir 
structure.   
 
After the flood tide has reached its peak, the gates are inflated and their crest elevations 
manipulated to retain the water pushed upstream by the flood tides before it starts to recede on 
the ebbing tide.  By manipulating the elevations of the three agricultural dams (Old River at 
Tracy, Grant Line/ Fabian–Bell, and Middle River), water circulation can be “forced” to move 
through the channels in whichever direction deemed necessary for circulation needs.  Under 
proposed operations, the crests of the Obermeyer dams at Old River at Tracy and Middle River 
will be retained at slightly higher elevations than the dam crest on Grant Line/ Fabian-Bell 
Canal.  Typically, flow will not be allowed to move back over these two dam crests on the falling 
tide, since the crests of the two dams will be maintained above the high tide elevation (Appendix 
1 to this Opinion, pages 133-134).  The remaining dam on Grant Line/ Fabian–Bell Canal will be 
operated to maintain a minimum water surface elevation of 0.00 feet msl in the channels of the 
South Delta.  This method of gate operations results in a larger volume of water past the 
locations of the inflatable gates on each flood tide (80 percent of normal tidal volume).  This 
“cell” of water will then essentially become trapped behind the inflated gates and forced to flow 
progressively “upstream” in the direction of the lowest dam crest elevation between the three 
agricultural barriers.  Frequently this means the net flow is negative to the normal flow of water 
in the channel, such as in Old River and Middle River.  The larger volume of water will carry 
any fish within that body of water with it above the barrier.  It is expected that these fish will 
then be exposed to predation pressures above the barriers, changes in water quality conditions 
that may occur, and irrigation diversions associated with South Delta agriculture. 
 
Under the current temporary barriers operational conditions, fish (i.e., juvenile salmon, 
steelhead) that have not been entrained by the SWP at Clifton Court Forebay, or the CVP pumps 
have the potential to move upstream on the incoming flood tide into the channels of Old River or 
Grant Line/Fabian-Bell Canal.  These fish are currently blocked by the rock barriers upstream of 
the project facilities.  Fish are also likely to enter Middle River before encountering the project 
facilities farther south in the Delta and likewise encounter the rock weir on Middle River 
upstream of its confluence with Victoria Canal.  These conditions are also encountered on the 
rising tide in future operations by the upright Obermeyer dams located on these channels.  In the 
current conditions, some fish pass upstream through the tied open culverts (typical spring 
operations for Delta smelt protection), prior to the tide overtopping the crest of the rock weir.  
Under future conditions, no fish will pass upstream until the dam is deflated.  Once the dam is 
deflated however, a greater proportion of the fish congregating below the barrier will be 
entrained upstream of the gate, and thus more will be “trapped” by the raised gate on the falling 
tide due to the greater volume of water passed through the position of the gate.  The differences 
in the level of predation associated with the alternative operations protocols between barriers and 
gates are difficult to determine without empirical data.  Both scenarios are likely to have high 
levels of predation associated with their implementation.  In both cases, fish are blocked, at least 
initially, in their movement upstream on the flooding tide by the structures.  In the current 
operations, some fish are passed through culverts, and predation is expected to be high following 
their discharge from the culverts on the down current side of the culvert where predators are 
expected to be waiting to prey on the disoriented fish [detailed analysis provided in NMFS 
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(2009)].  In both the current and future operations, fish are expected to be carried past the main 
portion of the barriers when tidal levels reach their peak.  In the current operations, fish would be 
carried over the top of the weir through a turbulent flow field.  It is expected that predators will 
be located on either side of the weir and that some of those predators down current of the barrier 
will follow the prey fish upstream over the weir.  Some prey fish may remain below the barrier 
and attempt to flee to the margins of the channel or into the deeper water at the foot of the 
barrier.  In the future operational conditions, the Obermeyer dam will drop to its fully open 
position on the channel floor once downstream water elevations are equal to the upstream water 
elevations.  This creates an essentially unimpeded channel cross section at the barrier location 
which allows for almost total unobstructed flow upstream.  This design is intended to have flows 
always moving upstream with the flooding tide, thus fish will move with the current upstream.  
Predators will likely follow the prey species upstream above the barrier location, and will be 
“trapped” with them following the inflation of the dam on the ebbing tide.  Predation rates will 
be dependent on predator density and occurrence of prey species in the channels, as well as 
length of exposure to the predators in these channels. 
 
The physical structures of the permanent barriers also create predator habitat within the channels 
of the South Delta.  The designs of the four barriers include substantial amounts of riprapped 
levee facing coupled with sheet pile walls.  The sheet pile walls have large indentations created 
by the corrugated nature of the metal sections, with each section having an approximately 36-
inch long by 18-inch deep depression associated with it (DWR 2006).  At each barrier location, 
the foundation for the multiple Obermeyer dam sections comprising the barrier will span the 
entire width of the channel (several hundred feet).  The width of the foundation for each 
Obermeyer dam section is approximately 10 to 15 meters and is not completely flat to the 
channel bottom, but rises slightly due to the curved hydrofoil shape of the dam structure itself.  
Preliminary design drawings indicate that at low tide, water elevations over the dam will only be 
a few feet (approximately 1 to 1.5 meters at the Middle River and Old River at Tracy sites, 
slightly deeper, approximately 2 meters, at the Head of Old River) except for the Grant Line/ 
Fabian–Bell location which will be installed in deep water (6 m deep).  This condition is 
expected to create localized turbulent flow over the structure on a fine spatial scale.  Fine scale 
flow disruption creates microhabitats by increasing the complexity of the boundary layer along 
the channel bottom or margins.  Predators can utilize these microhabitats to hold station in while 
waiting for prey to pass by.  This disruption of the flow field is on the order of a few meters or 
less and would not be captured by the hydraulic modeling previously done for the project.  An 
example of such microhabitat would be a boulder or ledge in a stream, which provides relief 
from the stream flow to a fish, such as a trout, holding below it.  The placement of the four gates 
will ensure that any fish entering the channels of the South Delta, whether from the San Joaquin 
River side via the Head of Old River or from the western side via one of the three channels with 
gates, will have to negotiate at least two gates to move through the system.  The argument that 
the gates only occupy a small footprint in the South Delta and therefore do not create an 
additional risk of predation is false.  The physical structures of the gates create a point where 
predation pressure is increased and which migrating fish must negotiate to complete their 
downstream journey if they enter the South Delta channels.  The environmental stressors created 
by the implementation of the SDIP will add to the already existing stressors present in the San 
Joaquin River basin.   
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The analysis of the SDIP presented in the draft EIR/EIS (DWR 2005 Appendix J) also included 
numerous PTM runs which analyzed various combinations of flow, export pumping levels, and 
gate operations (and by reference SDIP gate operations at the Head of Old River).  The particle 
tracking simulations conducted for the SDIP proposal indicated that entrainment in the lower San 
Joaquin River watershed is of great concern to fisheries management.  In the simulations without 
the HORB installed, nearly 100 percent of the particles injected above the Head of Old River 
split at Mossdale are entrained by the CVP and SWP pumps after 30 days, regardless of the level 
of pumping at the two facilities.  This situation is greatly exacerbated when flows on the San 
Joaquin River flow are less than or equal to the level of exports.  Entrainment of particles 
injected at other points in the South Delta, along the San Joaquin River as far west as Jersey 
Point, and in the Mokelumne River/ Georgiana Slough system are also subject to entrainment.  
The PTM results indicate that the rates of entrainment increase in concert with increasing 
pumping rates when the flows on the San Joaquin River are low.  The conclusions drawn from 
these findings are that even with a 30-day reduction in pumping (i.e., a VAMP-like scenario or 
an EWA style export curtailment) significant levels of particle entrainment still occurs in the 
channels of the South Delta and Central Delta and that 30 days of pumping reduction may not be 
sufficient to reduce overall entrainment.  This situation is exacerbated by low inflows from the 
San Joaquin River basin, even if delta outflow is increasing due to higher Sacramento River 
flows occurring simultaneously. 
 
Entrainment of particles from the North Delta region and the Sacramento River also can be 
significant under the baseline operational conditions tested in the SDIP proposal.  Particle 
injections made at Freeport with the DCC open, exports at the CVP equal to 4,600 cfs and the 
SWP equal to 6,680 cfs, had project entrainment levels of 50 to 60 percent depending on the 
Delta outflow level (5,000; 7,000; and 12,000 cfs).  Even with the higher Delta outflow levels, 
approximately 15 percent of the particles “lingered” within the Delta after the 30-day period of 
the simulation run.  This scenario represents the type of conditions expected in the late fall and 
early winter before the DCC is closed (October through January) and represented by the 
CALSIM II modeling for the CVP/SWP operations consultation. 
 
Therefore, the simulations completed for the SDIP (DWR 2005) indicate that under typical 
conditions found in the South Delta with low San Joaquin River inflows, nearly all the particles 
entering the South Delta from the San Joaquin River basin will be entrained by the project 
exports.  The “zone of entrainment” extends into the central and northern regions of the Delta, 
with particles either being entrained directly by the project exports or “lingering” in the south 
Delta after 30-days of simulation.  This “baseline” operational condition is further degraded by 
the future export increases modeled in Studies 7.1 and 8.0 as modeled in the CVP/SWP 
operations BA, which have extended periods of elevated pumping levels over the current 
conditions. 
 
The PTM simulations for the SDIP proposal also addressed the gate operations at the Head of 
Old River during VAMP conditions.  Results indicated that when the gate was in, the level of 
entrainment for the Mossdale injections was still exceptionally high and nearly all of the particles 
were either captured by the project exports at the CVP and SWP or other diversions in the South 
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Delta (approximately 30 to 50 percent) or otherwise retained within the waterways of the South 
and Central Delta.  With the Head of Old River gate closed, particles travelled downstream in the 
San Joaquin River past Stockton, but were subsequently entrained into the channels of Turner 
and Columbia Cuts, Middle River, and Old River.  The radio and acoustic telemetry work done 
by Vogel (2004) and SJRGA (2007) support this aspect of the modeling results.  Another 
characteristic of the closed Head of Old River gate condition is the increase in entrainment of 
particles released farther downstream in the San Joaquin River system at Prisoners Point and 
Jersey Point as well as in the Mokelumne River system.  Since exports could not divert water 
from the San Joaquin River entering through the Head of Old River, the additional water was 
pulled from the lower San Joaquin River reaches, thus increasing the risk of entrainment in these 
lower segments.  This characteristic of the hydraulic environment created by the Head of Old 
River gate places fish entering the Central Delta from the Sacramento River at greater risk of 
entrainment.  The simulated fraction of particles escaping the Delta and reaching Chipps Island 
was consistently low under all of the tested parameters for passive particles, never exceeding 15 
percent of the Mossdale injections.  The highest San Joaquin River flow to export pumping ratio 
tested was 2:1 with 3,000 cfs combined pumping coupled with 7,000 cfs San Joaquin River 
outflow (reduced pumping scenario).  This resulted in 14.9 percent of the particles reaching 
Chipps Island after 30 days.  In simulations where the Head of Old River gate was not installed, 
a lower percentage of the particles reached Chipps Island then under the gate installed situation, 
having been quickly entrained into Old River and subsequently captured at the CVP.   
 
Based on the PTM simulations and the initial results of radio and acoustic telemetry studies, the 
proposed SDIP still has significant effects on San Joaquin River basin fish.  The eventual 
entrainment of San Joaquin River fish by the SWP and CVP after they have passed the head of 
Old River through the channels lower down on the San Joaquin River (e.g., Turner and Columbia 
Cuts) is contradictory to the stated purpose of the fish barrier portion of the SDIP proposal.  The 
agricultural gates component of the proposal benefits agricultural interests without apparent 
detriment to those interests and allows the CVP and SWP to enhance their water diversion 
opportunities by providing greater flexibility to their operations within the constraints of existing 
regulatory criteria.  As described previously, the agricultural gates and the enhanced pumping 
regimen under studies 7.1 and 8.0 are detrimental to listed fish occurring in the South Delta, 
regardless of their origins (i.e., spring-run from the Sacramento River or CV steelhead from the 
San Joaquin River basin) and the proposed action (which include the enhanced pumping 
schedule under studies 7.1 and 8.0) will increase the loss of fish over the current conditions.  The 
purported benefit of the SDIP proposal to fisheries management was the Head of Old River gate, 
which was supposed to reduce the entrainment of fall-run originating from the San Joaquin River 
basin during their spring out migration period.  CV steelhead migrating from the San Joaquin 
Basin during the Head of Old River gate operations were also believed to have been protected by 
the gate.  Based on the PTM simulation results and the telemetry findings, this protective aspect 
of the Head of Old River operable gate appears to be overstated, and in fact the operation of the 
gate may place fish entering the system from other tributaries such as the Calaveras River, 
Mokelumne River, and Sacramento River at greater risk of entrainment when it is in operation.  
In order to achieve the proposed benefits of the operable gate at the Head of Old River, 
reductions in exports, coupled with increases in San Joaquin River flows to move fish through 
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the system are needed.  Without these concurrent actions, the full benefit of the operable gate 
cannot be realized.  The proposed SDIP action did not make this linkage part of the operations.   
 
6.6.4.4  Assess Risks to Individuals 
 
Many of the effects described in NMFS (2009) for the TBP apply to the proposed SDIP action.  
The significant difference is the additional predation impacts that can occur during the December 
through March period.  Under the SDIP action, physical structure remains in the channel year 
round and thus provides habitat and hydraulic conditions that are beneficial to predators in the 
area.  NMFS expects that this will increase the predation potential for listed salmonids present in 
the South Delta channels during this period.  Migratory delays are not anticipated to occur during 
this period due to the gates lowered condition.  Passage past the locations of the gates during the 
winter period should not be affected except for the previously mentioned predation issues. 
 
NMFS does not anticipate that the permanent gates will increase predation on green sturgeon 
during the winter period.  As described in NMFS (2009), any green sturgeon present in the South 
Delta channels are typically large enough to be at low risk of predation by predators such as 
largemouth bass or striped bass.  The operations of the gates in the period between April and 
November may impede passage during the gates up condition, but passage should be available 
when the gates are lowered during the flood tide. 
 
Spring-run Chinook salmon - The affects to the spring-run population under the SDIP actions are 
expected to be comparable to the effects already described for the temporary barriers discussion 
in NMFS (2009).  Since approximately 80 percent of the spring-run population presence 
occurred during the April through June period, the predation effects and migrational delays 
should be similar in magnitude between the two projects.  The difference between the two 
actions is the additional predation risk to early migrating spring-run prior to April.  These fish 
would encounter the permanent physical structures of the SDIP gates and the predator issues 
associated with them.  NMFS does not expect more than approximately 3 percent of the total 
annual spring-run population in the Central Valley to be present in the South Delta waters within 
the vicinity of the permanent gates. 
 
Winter-run Chinook salmon – Since the permanent gates are in place year round, the entire 
population of winter-run that enter the waters of the South Delta has the potential to encounter 
the predation effects associated with the SDIP gates.  This is in contrast to the temporary 
barriers, in which only 3 percent of the winter-run population in the South Delta was exposed to 
the rock barriers during the April through June period of their operations.  Migrational delays 
should be similar to those described for the temporary barriers in NMFS (2009).  The period of 
gate operations during winter-run presence is the same as previously described for the operations 
of the rock barriers.  NMFS anticipates that approximately 3 percent of the winter-run population 
is present in the waters of the South Delta within the vicinity of the permanent gates and the 
export facilities when the permanent gates will be operated for water surface elevation control. 
 
Central Valley steelhead – The permanent gates have the potential to affect all of the CV 
steelhead that move through the South Delta.  Previously, only about 9 percent of the annual 
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presence of steelhead in the South Delta was affected by the temporary barriers and their 
operations.  Due to the year round presence of the physical structures in the channels of the 
South Delta related to the permanent gates, steelhead smolts are exposed to the predation issues 
whenever they are present in the waters adjacent to the gate locations.  Delays in migration 
should remain comparable to the temporary barriers, affecting only 9 percent of the annual 
steelhead presence in the South Delta, since the operations of the permanent gates occur during 
the same months as the temporary barriers’ operations.  However, San Joaquin River basin 
steelhead are disproportionately affected due to their close proximity to the project and the 
overlap of their migratory corridor with the action’s location.  Adult effects should also be 
comparable between the two actions.  This should primarily be delays in migration due to gate 
operations, rather than blockage of migration since the gates are operated in concert with the 
tidal stages in the south Delta. 
 
Green Sturgeon – The proposed SDIP permanent barriers will be operated during the same 
seasonal periods as has been done previously for the TBP (April through November).  Therefore, 
effects to the green sturgeon population are expected to generally be comparable between the 
two programs.  The operations of the permanent gates may expose more fish during the 
operational season to migrational delays due to the tidal operation of the gates allowing passage 
upstream of the gates; however, the length of delay should be considerably shorter than the 
temporary barriers due to the same tidal operations which allow the gates to be opened on each 
tidal cycle, thereby allowing the opportunity for sturgeon to pass downstream of the gates.  
Nevertheless, the permanent gates do represent a barrier to free movement of fish in the 
waterways of the South Delta even if it is only for a short time. 
 
Little is known about the population size or the movements of green sturgeon within the Delta, 
therefore assessments of population effects are difficult at best to make.  In order to make any 
reasonable assessment, the number of green sturgeon present in the population, as well as the 
frequency of occurrence in the South Delta would need to be known.  NMFS does not have this 
information.  Monitoring studies using acoustic tags aimed at assessing the behavior of green 
sturgeon in relation to the barriers and the movements of green sturgeon within the channels of 
the South Delta are planned for the near future but have not been implemented to date. 
 
6.6.4.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The conservation value of CV steelhead designated critical habitat in the South Delta will be 
degraded as a result of the SDIP impacts.  Part of the intrinsic values of the PCEs listed for 
critical habitat in the South Delta is unobstructed passage of emigrating fish through the region.  
This characteristic of the PCE’s will be permanently modified by the construction and operation 
of the proposed barriers as well as additional risks of entrainment and predation presented by the 
modified pumping environment fostered by the SDIP proposal.  As described above, listed 
steelhead will be prevented from using portions of the Delta by the Head of Old River permanent 
gate.  Migration will be restricted to one channel initially until the fish pass the Port of Stockton.  
The risk of entrainment by the export facilities appears to have been delayed until the fish pass 
into the lower sections of the river, rather than prevented as proposed.   Furthermore, delays in 
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migration appear to be a distinct possibility following the movement of steelhead into the lower 
San Joaquin River below the Port of Stockton.  The functioning of the lower San Joaquin River 
as a migratory corridor has not been improved by the action; rather migration has been redirected 
into only one possible route to avoid adverse impacts in another migratory route.  Although the 
selected mainstem San Joaquin River route apparently has better overall survival than the 
southern Delta waterways, it does place the San Joaquin River basin at increased risk for 
catastrophic events that could impact the one selected migratory route, particularly since the 
selected route passes a major waste water treatment plant in the City of Stockton and the 
industrialized Port of Stockton.  Accidental chemical spills are potential catastrophes that could 
severely impact a given year class or more depending on its severity. 
 
In addition to the installation of the gates, the SDIP proposes to dredge certain channels of the 
South Delta to enhance conveyance of water for agricultural diversion and circulation flow 
patterns (portions of Old and Middle River), reduce scouring (West Canal), and increase water 
depth for private water diversions located upstream of the proposed agricultural gates.  This will, 
at the minimum, reduce the benthic communities in the affected channels for a short period of 
time until the substrate is recolonized.  It is also likely that the profile of the new benthic 
community will be different than surrounding areas for a considerable period of time (climax 
community versus disturbed community effect) as well as whether native or exotic species are 
better situated to take advantage of the newly disturbed substrate.  These newly created channels 
with greater depth will also alter the community complexity and species profiles of organisms 
that will inhabit them.  For instance, greater depth may alter the species profiles of predatory fish 
inhabiting these channels by providing additional cover in the form of deeper waters in the 
dredged channels thus allowing larger predatory fish or greater numbers of fish to inhabit them. 
Listed fish will more than likely pass through these channels when the Head of Old River 
permanent gate is not in operation, and the altered habitat will become part of their migrational 
corridor.  It is likely that the value of the future aquatic habitat within the boundaries of the 
proposed SDIP project will reflect a more degraded value to migrating San Joaquin River basin 
CV steelhead compared to the current situation.  The proposed action does not incorporate any 
actions to enhance the aquatic environment beyond its current standing nor does it reverse any of 
the anticipated adverse alterations to the aquatic habitat considered above.  Therefore, NMFS 
believes that the future habitat condition will be adversely modified and provide a less suitable 
suite of PCEs to listed steelhead that will diminish their likelihood of survival through the South 
Delta.  Likewise, the value of the aquatic habitat to fall-run will be diminished by the SDIP 
proposal.  Although fall-run are unlisted, they share similar habitat requirements with CV 
steelhead for migration and rearing and their future use of the habitat will be adversely modified 
by the proposed actions.  Therefore the value of the South Delta waterways as essential fish 
habitat also will be diminished. 
 
The waterways of the South Delta have also been proposed as critical habitat for the Southern 
DPS of green sturgeon (September 8, 2008, 73 FR 52084).  Like the CV steelhead, green 
sturgeon critical habitat in the South Delta requires unobstructed passage through the channels of 
the South Delta during their rearing and migratory life stages.  The operation of the barriers as 
proposed will create obstructions to their free passage when the gates are in their upright 
positions.  It is unknown whether sturgeon will volitionally move against the current of an 
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incoming tide to pass back downstream over the barriers when they are lowered on the incoming 
flood tide.  Furthermore, the duration of time in which the gates are lowered compared to the 
periods in which they are raised is unequal.  The gates are predominately in the raised position 
throughout the tidal cycle, except for the few hours they are lowered on the incoming tides.  
DWR and Reclamation believe that theoretically sturgeon may pass through the boat locks 
associated with the barriers during their operations and thus not be obstructed in their passage.  
This theory has not been proven satisfactorily by the information provided in their analysis.  It is 
based on the belief that the boat locks will be used frequently enough to allow fish to move 
through the structures without undue delays.  Unlike the Suisun Marsh Salinity Control Gates, 
the boat locks will not be left open the majority of the time, but will remain closed to retain stage 
elevations until needed for boat passage. 
 
6.6.5  Delta Cross Channel 
 
6.6.5.1  Deconstruct the Action 
 
The DCC was constructed by Reclamation in the early 1950s to redirect high quality Sacramento 
River water southwards through the channels of the Mokelumne River system towards the South 
Delta and the CVP pumps at Tracy.  This modification of the Delta’s hydraulics prevented the 
mixing of the Sacramento River water with water in the western Delta, with its higher salinity 
load, prior to diverting it to the CVP pumps.  Originally the gates remained open except during 
periods of high Sacramento River flow (> 20,000 to 25,000 cfs) when scouring of the channel or 
flooding risks downstream of the gates warranted closure.  Currently, Reclamation operates the 
DCC in the open position to (1) improve the transfer of water from the Sacramento River to the 
export facilities at the Banks and Jones Pumping Plants, (2) improve water quality in the 
southern Delta, and (3) reduce saltwater intrusion rates in the western Delta. 
 
The conditions for closing the DCC gates to protect fishery resources were first instituted in the 
State Water Resource Control Board’s D-1485 decision in 1978.  In 1995, the Water Quality 
Control Plan (WQCP) for the Bay Delta (95-1) instituted additional operations of the DCC for 
fisheries protection (SWRCB 1995).  These criteria were reaffirmed in the SWRCB’s D-1641 
decision.  The DCC gates may be closed for up to 45 days between November 1 and January 31 
for fishery protection purposes.  From February 1 through May 20, the gates are to remain closed 
for the protection of migrating fish in the Sacramento River.  From May 21 through June 15, the 
gates may be closed for up to 14 days for fishery protection purposes.  Reclamation determines 
the timing and duration of the closures after discussion with USFWS, CDFG, and NMFS.  These 
discussions will occur through the water operations management team (WOMT) as part of the 
weekly review of CVP/SWP operations.  WOMT uses input from the Salmon Decision Process 
to make its gate closure recommendations to Reclamation. 
 
The Salmon Decision Process (CVP/SWP operations BA Appendix B) includes “Indicators of 
Sensitive Periods for Salmon” such as hydrologic changes, detection of spring-run salmon or 
spring-run salmon surrogates at monitoring sites or the salvage facilities, and turbidity increases 
at monitoring sites to trigger the Salmon Decision Process.  The Salmon Decision Process is used 
by the fishery agencies and project operators to facilitate the complex coordination issues 
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surrounding DCC gate operations and the purposes of fishery protection closures, Delta water 
quality, and/or export reductions.  Inputs such as fish life stage and size development, current 
hydrologic events, fish indicators (such as the Knight’s Landing Catch Index and Sacramento 
Catch Index), and salvage at the export facilities, as well as current and projected Delta water 
quality conditions, are used to determine potential DCC closures and/or export reductions. 
 
The primary avenue for juvenile salmonids emigrating down the Sacramento River to enter the 
interior Delta, and hence becoming vulnerable to entrainment by the export facilities, is by 
diversion into the DCC and Georgiana Slough.  Therefore, the operation of the DCC gates may 
significantly affect the survival of juvenile salmonids emigrating from the Sacramento River 
basin towards the ocean.  Survival in the Delta interior is considerably lower than the mainstem 
Sacramento River.  This has previously been discussed in section 6.6.2.5 Indirect Mortality 
Within the Delta.   
 
6.6.5.2  Assess the Species Exposure 
 
The proportion of juvenile Chinook salmon that enter the Delta from the Sacramento River is 
given in table 6-34.  Salvage and loss across months (http://www.usbr.gov/mp/cvo/fishrpt.html)  
represents fish presence in the South Delta (table 6-27).  The closure of the DCC gate under the 
current schedule protects 100 percent of the migrating fish from February 1 through May 20 
from entering the DCC channel and entering the Mokelumne River system through Snodgrass 
Slough.  Prior to February 1, the gates can be closed for up to 45 days between November 1 and 
January 31 (maximum 50 percent).  After May 20, the gates can be closed for up to 14 days 
through June 15. 
 
Table 6-34.  The proportion of juvenile Chinook salmon and steelhead production entering the Delta from the 
Sacramento River by month. 
Month Sacramento 

River Total1,2 
Fall-Run3 Spring-Run3 Winter-Run3 Sacramento 

Steelhead4 

January 12 14 3 17 5 
February 9 13 0 19 32 
March 26 23 53 37 60 
April 9 6 43 1 0 
May 12 26 1 0 0 
June 0 0 0 0 0 
July 0 0 0 0 0 
August 4 1 0 0 0 
September 4 0 0 0 1 
October 6 9 0 0 0 
November 9 8 0 03 1 
December 11 0 0 24 1 
      
Total 100 100 100 100 100 
Notes: 
  1 Mid Water trawl data 
  2 All runs combined 

http://www.usbr.gov/mp/cvo/fishrpt.html
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  3 Runs from Sacramento River basin only 
  4 Rotary screw trap data from Knights Landing 
Source: DWR and Reclamation (2005 Tables J-23 and J-24, Appendix J). 
 
Winter-run Chinook salmon - Prior to the DCC gate closures in February, approximately 44 
percent of the annual winter-run juvenile population is vulnerable to entrainment into the DCC.  
Emigration of winter-run juveniles during December and January accounts for nearly all of this 
entrainment.  Loss records from the CVP and SWP fish collection facilities 
(http://www.usbr.gov/mp/cvo/fishrpt.html) have a slightly lower fraction of the winter-run 
juvenile population present in the Delta during December and January (≈21 percent of the annual 
total), which may represent the lag in movement across the delta or potentially holding and 
rearing behavior.  The majority of adult winter-run will migrate upstream through the Delta 
during the period when the DCC gates are closed. 
 
Spring-run Chinook salmon – Only 3 percent of the annual juvenile spring-run emigration occurs 
prior to February in the Sacramento River basin.  However, this fraction represents the yearling 
spring-run life history stage, an important alternative to the more common YOY life history 
stage where fish emigrate during their first spring after hatching.  Spring-run juveniles are not 
represented in the salvage and loss records at the CVP/SWP facilities until March and April.  
Adult spring-run migrating through the Delta will encounter the DCC gates in both the closed 
position prior to May 15 and the open gate configuration after May 15. 
 
Central Valley steelhead – Approximately 7 percent of the steelhead form the Sacramento River 
basin emigrate prior to February in any given year and thus would be vulnerable to open DCC 
gates and diversion into the Delta interior.  Steelhead begin showing up in the salvage at the CVP 
and SWP fish collection facilities in January and February and most likely represent the 
steelhead moving out of the Mokelumne system during December and January.  Adult steelhead 
are likely to encounter the DCC gates in both an open and closed configuration through out their 
extended spawning migration.  Most steelhead have entered the Sacramento system prior to 
February and therefore would have been exposed to open gates. 
 
Green sturgeon – Little is known about the migratory behavior of juvenile green sturgeon in the 
Sacramento River basin.  It is likely that juvenile green sturgeon (larger than the 75 mm) will not 
enter the Delta prior to their first winter and thus would not be exposed to the open DCC gates.  
It is likely that these fish will enter the Delta sometime in the winter or spring following their 
hatching upriver and encounter both types of gate configurations as they enter the Delta.  More 
information is required to accurately assess the migratory movements of juvenile sturgeon in the 
river system, as well as their movements within the Delta during their rearing phase in 
estuarine/Delta waters.  Adult green sturgeon are likely to encounter closed DCC gates during 
their upstream spawning migration in winter and early spring, but encounter open gates during 
their downstream migration in summer and fall following spawning. 
 
6.6.5.3  Assess Species Response to the Proposed Action  
 
The DCC can divert a significant proportion of the Sacramento River’s water into the interior of 
the Delta.  The DCC is a controlled diversion channel with two operable radial gates.  When 

http://www.usbr.gov/mp/cvo/fishrpt.html
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fully open, the DCC can allow up to 6,000 cfs of water to pass down the channel into the North 
and South Forks of the Mokelumne River in the central Delta (Low et al. 2006, CVP/SWP 
operations BA Appendix E).  During the periods of winter-run emigration (i.e., September to 
June) through the lower Sacramento River, approximately 45 percent of the Sacramento River 
flow (as measured at Freeport) can be diverted into the interior of the Delta through the DCC and 
Georgiana Slough when both gates are open.  When the gates are closed, approximately 15 to 20 
percent (as measured at Freeport) of the Sacramento River flow is diverted down the Georgiana 
Slough channel16 (CVP/SWP operations BA Appendix E).  Peak flows through Georgiana 
Slough can be almost 30 percent of the Sacramento River flows.  Together, the DCC and 
Georgiana Slough can divert nearly half of the Sacramento River’s flow into the Delta interior. 
 
In most years, the peak of winter-run emigration past the DCC occurs from late November 
through February, based on USFWS trawl and seining data (USFWS 2001, 2003, 2006; Low et 
al. 2006, DWR 2005); when 10 to 25 percent of the Sacramento River flow can be diverted 
through the DCC and an additional 17 to 20 percent is diverted down Georgiana Slough.  There 
is little change between the current and future conditions (Study 7.0 compared to Studies 7.1 and 
8.0).  Kjelson and Brandes (1989) found that survival of tagged Chinook salmon smolts was 
negatively correlated (r= -0.63) with the percentage of water diverted through the DCC from the 
Sacramento River.  When diversion rates were high (> 60 percent) with the DCC gates open, the 
survival of smolts released above the DCC was about 50 percent less than those releases which 
occurred below the DCC.  When the gates were closed, there was no difference between the two 
release points under high flow conditions, however, under low flow conditions, the survival of 
the upper release point was about 25 percent less than the downstream release point.  Kjelson 
and Brandes (1989) attributed this lower survival rate to the effect of the fish being diverted into 
Georgiana Slough.  Low et al. (2006) found significant linear relationships between the 
proportion of Sacramento River flow diverted into the interior of the Delta in December and 
January and the proportion of the juvenile winter-run lost at the CVP/SWP export facilities.  
Analysis of 2-week intervals found highly significant relationships between these proportions in 
late December (December 15 to 31) and early January (January 1 to 15) periods before the DCC 
gates are closed.  A series of studies conducted by Reclamation and USGS (Horn and Blake 
2004) supports the previous report’s conclusion of the importance of the DCC as an avenue for 
entraining juvenile salmonids into the central Delta.  These studies used acoustic tracking of 
released juvenile Chinook salmon to follow their movements in the vicinity of the DCC under 
different flows and tidal conditions.  The study results indicate that the behavior of the Chinook 
salmon juveniles increased their exposure to entrainment through both the DCC and Georgiana 
Slough.  Horizontal positioning along the east bank of the river during both the flood and ebb 
tidal conditions enhanced the probability of entrainment into the two channels.  Upstream 
movement of fish with the flood tide demonstrated that fish could pass the channel mouths on an 
ebb tide and still be entrained on the subsequent flood tide cycle.  In addition, diel movement of 
fish vertically in the water column exposed more fish at night to entrainment into the DCC than 
during the day, due to their higher position in the water column and the depth of the lip to the 
DCC channel mouth (-2.4 meters).  The study concluded that juvenile Chinook salmon 
entrainment at a channel branch will not always be proportional to the average amount of flow 

 
16 Instantaneous percentages can be much higher depending on the interaction of river flow and tidal flow as 
describe in Horn and Blake (2004). 
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entering that branch, and can vary considerably throughout the tidal cycle.  Furthermore, 
secondary circulation patterns can skew juveniles into the entrainment zones surrounding a given 
branch, thus resulting in a disproportionately high entrainment rates.  This characteristic was 
observed in the recent acoustic tagging studies (Burau et al. 2007, Perry and Skalski 2008, Vogel 
2008a) experiments at the mouth of Sutter and Steamboat sloughs.  The percentage of fish 
selecting the alternative routes from the mainstem Sacramento River was different than the 
percentage of water entering the channel, indicating spatial distribution in the channel may play 
an important role in entrainment rates. 
 
Fish that are diverted into the Delta interior and survive the high loss rates migrating through 
Georgiana Slough and the lower Mokelumne River system are eventually discharged into the 
San Joaquin River system near RM 22.  As presented previously in the Delta Division 
discussion, changes in Delta hydrodynamic conditions associated with CVP and SWP export 
pumping inhibit the function of Delta waterways as migration corridors.  When pumping is 
elevated, the flows in the river reaches surrounding this confluence are directed towards the 
export facilities, indicated by negative flows in Old and Middle River.  Additional loss is 
experienced during this movement of fish towards the CVP/SWP facilities and throughout the 
salvage process.  With mandatory closure of the DCC gates from February 1 through May 20 
(pursuant to current criteria in SWRCB D-1641), approximately 50 percent of juvenile winter-
run outmigration and 70 to 90 percent of the steelhead and spring-run juveniles migrating 
downstream in the Sacramento River are not exposed to the open DCC gate configuration and 
are therefore expected to have a greater likelihood of remaining in the Sacramento River 
(including Sutter and Steamboat sloughs) and surviving to Chipps Island.  These fish will be less 
vulnerable to decreased survival rates through the Delta interior and any subsequent losses 
related to the effects of CVP and SWP Delta export pumping from the San Joaquin River 
confluence southwards.  That segment of the respective salmonid populations which migrates 
earlier than the mandatory closures will be exposed to the effects of the DCC gates when they 
are in the open configuration.  All fish will be exposed to entrainment into Georgiana Slough, 
which has the potential to capture approximately 15 to 20 percent of the downstream migrants 
moving past it. 
 
Several years of USFWS fisheries data indicate that the survival of salmon smolts in Georgiana 
Slough and the central Delta is significantly reduced when compared to the survival rate for fish 
that remain in the Sacramento River (Kjelson and Brandes 1989, Brandes and McLain 2001).  
Data from investigations conducted since 1993 with late fall-run during December and January 
are probably the most applicable to emigrating steelhead and spring-run yearlings due to their 
comparable sizes.  These survival studies were conducted by releasing one group of marked (i.e., 
CWT and adipose fin clipped) hatchery-produced salmon juveniles into Georgiana Slough, while 
a second group was released into the lower Sacramento River.  Results have repeatedly shown 
that survival of juvenile salmon released directly into the Sacramento River while the DCC gates 
are closed are, on average, two to eight times greater than survival of those released into the 
central Delta via Georgiana Slough (CDFG 1998, Newman 2008).  More recent acoustic tagging 
studies support these earlier findings (Perry and Skalski 2008) indicating that when the DCC is 
closed, survival through the delta can increase approximately 50 percent compared to open DCC 
conditions (35.1 percent survival with the DCC open versus 54.3 percent survival with the DCC 
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closed; data from Perry and Skalski 2008).  In comparison, Burau et al. (2007) found that 
increasing flows influenced survival in the Sacramento River, e.g., higher flows correlated to 
higher survival in the different channels.  These results were described previously in the Delta 
Division section assessing indirect mortality within the Delta. 
 
The results of these studies demonstrate that the likelihood of survival of juvenile salmon, and 
probably steelhead, is reduced by deleterious factors encountered in the central Delta.  In 
addition to predation, water quality parameters such as temperature can have significant effects 
on survival.  Baker et al. (1995) showed that the direct effects of high water temperatures are 
sufficient to explain a large part (i.e., 50 percent) of the smolt mortality actually observed in the 
Delta.  The CVP and SWP export operations are expected to contribute to these deleterious 
factors through altered flow patterns in the Central and South Delta channels.  In dry years, flow 
patterns are altered to a greater degree than in the wet years and are expected to result in a higher 
level of impact to emigrating steelhead and winter-run and spring-run smolts (Kjelson and 
Brandes 1989).  If the DCC gates are opened for water quality improvements or other purposes, a 
significantly greater proportion of Sacramento River flow and juvenile fish will be diverted into 
the central Delta. 
 
False Attraction and Delayed Migration - From November through May, adult winter-run and 
spring-run and steelhead migrate through the Delta for access to upstream spawning areas in the 
Sacramento and San Joaquin basins.  Changes in Delta hydrodynamics from CVP and SWP 
export pumping in the South Delta may affect the ability of adult salmon and steelhead to 
successfully home in on their natal streams.  Radio tagging studies on adult fall-run indicate that 
these fish frequently mill about in the Delta, often initially choosing the wrong channel for 
migration (CALFED 2001).  CVP and SWP export pumping alters Delta hydrodynamics by 
reducing total Delta outflows by as much as 14,000 cfs and reversing net flows in several central 
and south Delta channels.  Adults destined for the Sacramento Basin may experience some minor 
delays during passage through the Delta by straying temporarily off-course in northern and 
central Delta waterways.  Closure of the DCC gates from November 1 through May 20 may 
block or delay adult salmonids that enter the Mokelumne River system and enter through the 
downstream side of the DCC.  However, it is anticipated that closure of the DCC gates during 
this period will reduce diversion of Sacramento River water into the Central Delta, thereby 
improving attraction flows for adults in the mainstem Sacramento River.  Intermittent openings 
to meet water quality standards or tidal operations are not expected to cause significant delays to 
adults because of their temporary nature and the ability of adults to drop back and swim around 
the DCC gates.  Acoustic tracking studies by Odenweller of CDFG (CALFED 2001) indicated 
that adult fall-run may make extensive circuitous migrations through the Delta before finally 
ascending either the Sacramento or San Joaquin Rivers to spawn.  These movements included 
“false” runs up the mainstems with subsequent returns downstream into the Delta before their 
final upriver ascent. 
 
Within the south Delta, several studies have indicated that adult fall-run may be negatively 
impacted by the operations of the export facilities during their upstream spawning migration 
(Hallock et al. 1970, Mesick 2001).  The reduced fall flows within the San Joaquin system, 
coupled with the elevated pumping actions by the SWP and CVP during the fall to “make up” for 
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reductions in pumping the previous spring, curtails the amount of San Joaquin River basin water 
that eventually reaches the San Francisco Bay estuary.  It is necessary for the scent of the San 
Joaquin basin watershed to enter the Bay in order for adult salmonids to find their way back to 
their natal river.  Reductions, or even the elimination, of this scent trail has been postulated by 
Mesick (2001) to increase the propensity for fall-run to stray from their natal San Joaquin River 
basin and into the adjacent Mokelumne River or Sacramento River basins.  This problem may 
exist for CV steelhead that utilize the San Joaquin River basin or the Calaveras River for their 
olfactory cues during their upstream spawning migrations back to their natal stream.  The 
increased time spent by adults searching for the correct olfactory cues in the Delta could lead to a 
decrease in the fish's overall health, as well as a reduction in the viability of its gametes.  
Increased exposure to elevated water temperatures, chemical compounds and bacterial or viral 
infections present in the Delta increases the likelihood that adult Chinook salmon and their eggs 
may experience negative effects on the behavior, health, or reproductive success of the fish 
(Meehan and Bjornn 1991, Rand et. al. 1995). 
 
In addition, the existence of the chronic DO sag in the San Joaquin River between the Port of 
Stockton and Turner Cut can delay the upstream migration of adult salmonids. The ambient DO 
levels in this portion of the San Joaquin can drop below 4 mg/L during the fall and early winter 
periods.  Hallock et al. (1970) found that most adult fall-run would not migrate through water 
with less than 5 mg/L DO.  Laboratory data for juvenile Chinook salmon (Whitmore et al. 1960) 
supports this finding as the juvenile Chinook salmon avoided water with less than 4.5 mg/L 
under controlled laboratory conditions.  Flow levels in the mainstem San Joaquin below the head 
of Old River are inherently dependent on the status of the HORB, reservoir releases, and the 
operation of the CVP pumps.  When flow rates are high, the DO sag does not set up.  
Conversely, when flows drop below approximately 1,500 cfs, the conditions in the deep-water 
ship channel become conducive to creating the low DO situation. 
 
6.6.5.4  Assess Risks to Individuals 
 
As previously described earlier in the Delta division analysis, individual juvenile fish that move 
into the Delta interior through the DCC or Georgiana Slough are at a much higher risk of 
mortality from predation or other stressors in the environment.  These other stressors can take the 
form of delayed migration; water quality issues such as temperature and low DO, and prolonged 
exposure to contaminants in the system.  Individual winter-run juveniles and spring-run juveniles 
are at an increased risk of entrainment if they move downstream earlier in the season than later, 
or respond to increases in river flows upstream of the Delta in the Sacramento River or 
reductions in river temperature.  These environmental cues typically induce winter-run juveniles 
and yearling spring-run to initiate downstream movement towards the Delta and the ocean.  
Individuals that display this sensitivity to early triggers are at a higher risk of mortality due to the 
open configuration of the DCC gates.  Fish that are successful in surviving the Delta interior by 
passing through Georgiana Slough or the Mokelumne River system still must negotiate the 
effects of the export pumps and the altered hydraulics in the San Joaquin River main stem.  If 
exports are high, individual fish face a greater probability of being entrained towards the export 
facilities.  Such increased exports are modeled for the current, near future, and future conditions 
of the CVP/SWP operations action.  Survival from the San Joaquin River southwards towards 
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the pumps is considered to be low for salmonids.  It is thought that this is primarily a result of 
intense predation pressure within the waterways leading to the facilities.  Fish that ultimately 
reach the salvage facilities still face a high probability of mortality from that encounter.  
Calculated losses (mortalities) at the CVP are approximately 2 out of every 3 fish that enter the 
salvage operation.  Fish survival is far worse at the SWP facility where 1 out of 6 fish survive the 
salvage operation, primarily due to high predation losses in the forebay.  Steelhead smolts, 
although larger than spring-run or winter-run emigrants, are also likely to have low survival rates 
if they are diverted into the Delta interior.  Recent studies in Clifton Court Forebay verified that 
200- to 250-mm long steelhead smolts were just as likely to be eaten by predators as the smaller 
Chinook salmon smolts.   
 
Little information is available regarding juvenile green sturgeon movements in the lower 
Sacramento River and Delta waterways.  It is unknown how vulnerable these juvenile sturgeons 
are to diversion into the DCC or Georgiana Slough or their risk to predation by the larger 
predators such as striped bass and largemouth bass that inhabit the Delta system.  Additional 
research is required to answer these questions before a thorough assessment can be made. 
 
Winter-run Chinook salmon – Nearly half of the annual winter-run population emigrates during 
the gates open period in late fall and early winter.  These early emigrating winter-run are 
vulnerable to the effects of the open DCC gates as previously explained.  The loss of individuals 
from this segment of the winter-run population may decrease the population’s future expression 
of varied life history strategies, such as early migrational behavior.  Having a broad 
representation of different life history strategies enables the population to spread its survival risk 
over time, rather than having one monotypic life history.  By varying the time that individuals 
emigrate to the Delta and the ocean, the population can take advantage of potentially better 
environmental conditions outside of the normal migration period.  In the case where 
environmental conditions may be poor for most of the run during the “normal” migration period 
due to stochastic variation in the environment (e.g., poor upwelling conditions in the coastal 
ocean), those segments of the population that migrated at different times may find more suitable 
conditions and thus perpetuate the population.  Maintaining those segments of the winter-run 
population that exhibit different life history behavioral traits is central to the long-term viability 
of the population.  Based on the data generated from the acoustic tracking studies of Perry and 
Skalski (2008) and Burau et al. (2007), NMFS has estimated that losses to the winter-run 
population associated with the operations of the DCC range from 6 to 20 percent of the winter-
run population entering the Delta.  These estimates used the percentage of fish entering the Delta 
interior through either the DCC or Georgiana Slough channels (based on acoustic tracking data 
of Chinook salmon smolts: 28 percent when DCC open, 18 percent when closed), the survival 
estimates within those channels (35 percent survival base case, 10 percent survival when high 
losses occur, 75 percent survival when losses are low), the monthly position of the DCC gates, 
and the percentage of the winter-run population entering the Delta from the Sacramento River 
each month from table 6-26. 
 
Spring-run Chinook salmon – The DCC gates are open during the period when yearling spring-
run are emigrating into the Delta from their upstream natal tributaries.  Like the early migrating 
winter-run juveniles, the yearling spring-run life history strategy represents an important 
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component of the overall spring-run life history.  Yearling fish are larger than young of the year 
emigrants, having spent additional time growing in their natal streams over the summer before 
emigrating downstream.  They have a higher success rate at transitioning to the ocean 
environment than the smaller YOY.  They also represent a mechanism to spread out the risk to 
an individual brood year’s population by going out later than the more common first spring 
emigration life history strategy expressed by the young of the year emigrants.  By having more 
opportunities to enter the ocean at different times, the probability of finding suitable conditions 
increases.  This in turn increases the likelihood that the population will endure.  Maintaining 
those segments of the spring-run population that exhibit different life history behavioral traits is 
central to the long-term viability of the population.  Based on the data generated from the 
acoustic tracking studies of Perry and Skalski (2008) and Burau et al. (2007), NMFS has 
estimated that losses to the spring-run population associated with the operations of the DCC and 
fish entering the Delta interior range from approximately 5 to 17 percent of the spring-run 
population entering the Delta.  These estimates used the percentage of fish entering the Delta 
interior through either the DCC or Georgiana Slough channels (based on acoustic tracking data 
of Chinook salmon smolts: 28 percent when DCC open, 18 percent when closed), the survival 
estimates within those channels (35 percent survival base case, 10 percent survival when high 
losses occur, 75 percent survival when losses are low), the monthly position of the DCC gates, 
and the percentage of the spring-run population entering the Delta from the Sacramento River 
each month from table 6-26. 
 
Central Valley steelhead – As discussed for the winter-run and spring-run populations, diversity 
of life history strategies represents a mechanism by which the population can take advantage of 
variability in the natural environment and spread its risks across a larger temporal period.  By 
encountering many different environmental conditions, the probability of finding an environment 
with suitable conditions increases.  Although only a small proportion of the Sacramento Valley 
steelhead are emigrating during the period when the gates are open in late fall and early winter, 
they represent an important component of the life history strategy of the CV steelhead.  These 
early migrants are vulnerable to the open gates and the expected high loss rate in the Delta 
interior would remove an important component of the steelhead life history strategy from the 
population.  Based on the data generated from the acoustic tracking studies of Perry and Skalski 
(2008) and Burau et al. (2007), NMFS has estimated that losses to the CV steelhead population 
associated with the operations of the DCC ranage from approximately 5 to 17 percent of the CV 
steelhead population entering the Delta from the Sacramento River basin.  These estimates used 
the percentage of fish entering the Delta interior through either the DCC or Georgiana Slough 
channels (based on acoustic tracking data of Chinook salmon smolts: 28 percent when DCC 
open, 18 percent when closed), the survival estimates within those channels (35 percent survival 
base case, 10 percent survival when high losses occur, 75 percent survival when losses are low), 
the monthly position of the DCC gates, and the percentage of the winter-run population entering 
the Delta from the Sacramento River each month from table 6-26. 
 
Green sturgeon – It is unknown what population effects the DCC gate operations will have on 
the green sturgeon population in the Delta.  The behavior of green sturgeon juveniles in relation 
to the gate operations is unknown.  The situation is further complicated by the lack of knowledge 
of migrational timing for juvenile green sturgeon entering the Delta from the Sacramento River 
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and thus the timing of their exposure to the gate operations.  Adult green sturgeon may be 
impacted by the potential for delay behind the closed gates during their upstream migration.  
However, acoustic tagging efforts to date indicate that tagged fish move upriver through the 
mainstem of the Sacramento River in the Delta and not within the interior delta waters adjacent 
to the downstream channel of the DCC.  Only those fish that entered the downstream sections of 
the Mokelumne River system and continued upstream in this system would be subject to 
migrational delays below the DCC gates during their spawning runs.  This may change as more 
fish are tagged and a greater knowledge of adult fish movement is gained. 
 
6.6.5.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
For both the winter-run and spring-run, designated critical habitat lies adjacent to the location of 
the DCC gates.  In the case of designated critical habitat for the winter-run (58 FR 33212) the 
DCC is specifically not included because the biological opinions issued by NMFS in 1992 and 
1993 concerning winter-run included measures on the operations of the gates that were designed 
to exclude winter-run from the channel and the waters of the Central Delta.  For the spring-run, 
designated critical habitat (70 FR 52488) includes the DCC from its point of origin on the 
Sacramento River to its terminus at Snodgrass Slough, including the location of the gates.  
Designated critical habitat for CV steelhead includes most of the Delta and its waterways; 
however, the DCC waterway was not included in the text or maps of the Federal Register notice 
as being part of the Delta waters designated as critical habitat.  Nevertheless, actions of the DCC 
gates affect the critical habitat PCEs designated for the spring-run and CV steelhead populations 
as well as the essential fish habitat functions for winter-run Chinook salmon.  Primarily, DCC 
gate operations interfere with the performance of the Sacramento River as a migratory corridor 
for spring-run and CV steelhead and as essential habitat for winter-run by preventing access 
downstream from the spawning grounds to San Francisco Bay and the Pacific Ocean.  Fish 
entrained into the DCC and the Mokelumne River systems are at a greater risk of mortality than 
their counterparts who have remained in the mainstem of the Sacramento River.  The operations 
of the gates permit fish to enter habitat and waterways they would not normally have access to 
with substantially higher predation risks than the migratory corridor available in the Sacramento 
River channel.  Operations of the gates have a direct effect on the entrainment rate and hence the 
functioning of the Sacramento River as a migratory corridor. 
 
6.6.6  Contra Costa Water District Diversions 
 
6.6.6.1  Deconstruct the Action 
 
CCWD currently operates three facilities to divert water from the Delta for irrigation and 
Municipal and Industrial (M&I) uses.  These are the facilities at Mallard Slough on the lower 
San Joaquin River near Chipps Island, on Rock Slough near Oakley, and on Old River near the 
Highway 4 Bridge.  The fourth diversion to be added to those facilities operated by CCWD is the 
“Alternative Intake Project” on Victoria Slough in the South Delta.  Reclamation owns the 
Contra Costa Canal and shortcut pipeline, as well as the Rock Slough Intake and pumps.  The 
CCWD operates and maintains these facilities under contract to Reclamation.  CCWD owns 
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Mallard Intake, Old River Intake and Los Vaqueros Reservoir, and the proposed Alternative 
Intake on Victoria Canal.  Separate Opinions have been issued for these structures. 
 
The Rock Slough Intake is an unscreened diversion owned by Reclamation and one of three 
operated in the Delta by CCWD.  Pumping Plant 1, located several miles downstream from the 
canal’s headworks on Rock Slough, has the capacity to pump 350 cfs into the concrete lined 
portion of the Contra Costa Canal.  The Rock Slough intake currently accounts for 
approximately 17 percent of the total water diverted by the CCWD in the Delta.  Pursuant to the 
USFWS’ (1993) Opinion for the Los Vaqueros Project, the positively screened Old River 
Facility is now the primary diversion point for CCWD, accounting for approximately 80 percent 
of the annual water supply diverted by CCWD.  In the future, when the positively screened 
Alternative Intake comes on line, the share of CCWD water diverted from the Old River and 
Victoria Canal intakes will account for approximately 88 percent of the annual water diversions 
for the CCWD, while the Rock Slough intake will be reduced to approximately 10 percent of the 
annual diversions.  All three current intakes are operated as an integrated system to minimize 
impacts to listed fish species.  CCWD diverts approximately 127 TAF per year in total, of which 
approximately 110 TAF is CVP contract supply.  In winter and spring months when the Delta is 
relatively fresh (generally January through July), demand is supplied by direct diversion from the 
Delta.  In addition, when salinity is low enough, Los Vaqueros Reservoir is filled at a rate of up 
to 200 cfs from the Old River Intake.  However, the biological opinions for the Los Vaqueros 
Project and the Alternative Intake Project, CCWD’s memorandum of understanding with the 
CDFG, and SWRCB D-1629 of the State Water Resources Control Board, include fisheries 
protection measures consisting of a 75-day period during which CCWD does not fill Los 
Vaqueros Reservoir and a concurrent 30-day period during which CCWD halts all diversions 
from the Delta, provided that Los Vaqueros Reservoir storage is above emergency levels.  The 
default dates for the no-fill and no-diversion periods are March 15 through May 31 and April 1 
through April 30, respectively.   
 
6.6.6.2  Assess Species Exposure 
 
At least one of the listed species are present in the south Delta waterways adjacent to the CCWD 
diversion intakes in all months of the year.  Winter-run are present from approximately 
December through June based on salvage records from the CVP/SWP fish collection facilities.  
The peak occurrence of winter-run in the south Delta is from January through March.  Juvenile 
spring-run are present in the South Delta in the vicinity of the CCWD diversions from January 
through June with peak occurrence from March through May.  Central Valley steelhead may be 
present in the waters of the South Delta from October through July, but have peak occurrence 
from January through March.  Both juvenile and sub-adult green sturgeon are expected to be 
present year round in the South Delta as indicated by the salvage record.  Adult green sturgeon 
have been caught by sport fisherman in the mainstem of the San Joaquin River from Sherman 
Island to the Port of Stockton in most months of the year based on the draft 2007 sturgeon report 
card  (CDFG 2008).  Presence in the South Delta is assumed for the same period.  During the 75 
day pumping reduction from March 15 to May 31 and the 30 day no pumping period (April 1 to 
April 30), the effects of the CCWD action is significantly reduced or eliminated. 
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6.6.6.3  Assess Species Response to the Proposed Action  
 
In the 1993 winter-run Opinion, NMFS required monitoring for winter-run.  Based on the CDFG 
sampling during the period from 1994 through 1996, mortality from entrainment in the Rock 
Slough Intake occurred from January to June.  Annual numbers captured in a sieve-net 
downstream of the pump plant for the years 1994-1996 were 2 to 6 winter-run, 25 to 54 spring-
run, and 10 to 14 steelhead (Morinaka 2003).  Additional losses (8 to 30 percent) due to 
predation in the canal and fish being killed passing through the intake also were determined to 
occur.  Extrapolated numbers of juvenile Chinook salmon (all races) entrained at Rock Slough 
between 1994 and 1996 ranged from 262 to 646 fish per year.  
 
Since that time, most of CCWD water diversions have shifted to newer, screened facilities on 
Old River near Highway 4.  These screens are designed to exceed NMFS’ juvenile salmon 
screening criteria since they also must be protective of juvenile and larval delta smelt which co-
occur in the same waters.  In addition, the current pumping rates at Rock Slough have been 
reduced in the winter months compared to the historical conditions (CVP/SWP operations BA 
Appendix E).  Before 1998, the Rock Slough Intake was CCWD’s primary diversion point.  It 
has been used less since 1998 when Los Vaqueros Reservoir and the Old River Pumping Plant 
began operating.  The diversion at the headworks structure is currently sampled with a sieve net 
three times per week from January through June and twice per week from July through 
December.  A plankton net is fished at the headworks structure twice per week during times 
larval delta smelt could be present in the area (generally March through June).  A sieve net is 
fished at Pumping Plant #1 two times per week from the time the first winter-run is collected at 
the CVP and SWP (generally January or February) through June.  Since 1998, the expanded fish 
monitoring has only recovered 1 winter-run sized Chinook salmon, 14 spring-run sized Chinook 
salmon, 6 unclipped steelhead, 8 clipped steelhead, and one steelhead of indeterminate origin.  
During the same period of time, 19 wild fall-run and 2 clipped fall-run have been recovered 
(table 6-35) at the Rock Slough Headworks and Pumping Plant 1.  NMFS previously estimated 
that annual take of listed fish at the Rock Slough Intake will be 50 spring-run, 50 winter-run, and 
20 steelhead.  In all of the years of fish monitoring, no green sturgeon has ever been recovered in 
the seines or plankton nets. 
 
Table 6-35.  Summary of listed fish captured at the Rock Slough Headworks and Pumping Plant 1 and 
amount of water diverted each year, 1998 – 2008. 



Summary of Sieve Net and Plankton Net Monitoring Conducted at the Rock Slough Headworks
 and Pumping Plant 1 (PP1) from August 1998 through March 2008.

Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Totals
Months 
Monitoring 
Occurred

Aug-Dec Mar-Dec Mar-Dec Jan-Aug Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Mar

Amount of 
Water 
Diverted at 
Rock  Slough 
Acre Feet

68,683 43,037 51,421 26,749 35,904 27,302 31,283 35,686 43,273 39,366 5,848 408,552

Number of 
Headworks 
&PP1 Sieve 
Net Surveys

Unknown Unknown Unknown Unknown Unknown 35 102 131 133 107 54 562

Number of 
Headworks 
Plankton Net 
Surveys

Unknown Unknown Unknown Unknown 10 0 34 26 15 23 10 118

Mar=1
Apr=5

Mar=2 Jan=1

Feb=6

Mar=2 Apr=2
Apr=3 May=6

Green 
sturgeon

0 0 0 0 0 0 0 0 0 0 0 0

Central 
Valley 
steelhead 
(clipped)
Central 
Valley 
steelhead 
(unknown)

0 1Longfin 
smelt

0 0 0 0 0 0 0 0 0

10 0 Feb=1* 0 00 0 0 0Delta smelt 0

0 May=1Fall run/late 
fall run 
Chinook 
(unclipped)

0 0 May=3 0 0 19

0 May=1 6

0

0

0

Central 
Valley 
steelhead 
(unclipped)

0 0

May=4

0 0 0 0

Spring-run 
Chinook

0 0 0

0 0
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0 10

0May=4 0

00

0 0

0 0 0

0 0 0 0Winter-run 
Chinook

Dec=1

8

10 0

0000

Apr=1 Mar=1
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0 0

0Fall run/late 
fall run 
Chinook 
(clipped)

0 0 0 0 0

0

0
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00

0

0 0 0 0

2

0
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0
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Future entrainment is expected to be reduced with the addition of CCWD’s Alternative Intake 
Project.  As previously stated, the percentage of water diverted from the Delta via the Rock 
Slough Intake will fall from 17 percent to approximately 10 percent of the annual CCWD 
diversions when the Alternative Intake Project comes on line.  Furthermore, the use of the Rock 
Slough Intake will move into the summer months, when listed salmonids will be less likely to be 
present in the waters adjacent to the intake.  The two other intakes on Old River and Victoria 
Canal will both be positively screened.  Approach velocities and sweeping velocities for these 
two facilities will exceed NMFS’ criteria for screening since they are designed to also meet Delta 
smelt criteria (see NMFS 2007).  Estimates of future losses of spring-run and winter-run at the 
Rock Slough Intake with the Alternative Intake Project in service have been made assuming 
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future CCWD demands of 188,000 af/year.  Based on average densities of the salmon in 
channels (from monitoring programs over the past 10 years), losses were estimated at about 5 
winter-run and 16 spring-run juveniles per year. 
 
6.6.6.4  Assess Risk to Individuals 
 
Individual salmonids are likely to be present in the waters of the South Delta near the Old River 
Intake and the future Alternative Intake site on Victoria Canal during the winter and spring 
periods.  Since the fish screens of the Old River Intake and the future Alternative Intake have 
been designed to meet Delta smelt standards, NMFS does not expect any salmonids to be 
entrained by these facilities, as the Delta smelt screening criteria are more stringent than those 
required for the protection of salmon fry or juveniles.  The past several years of monitoring at the 
Old River Intake Facility has not recovered any listed fish from behind the screens, indicating 
that they are effective for salmonids.  Individual fish may become impinged on the outside of the 
screens and incur some level of injury from the contact with the screens or become susceptible to 
localized predation adjacent to the screens while holding position in front of the screens.  
Experiments by Swanson et al. (2004) exposed juvenile Chinook salmon to a simulated fish 
screen in a large annular flume.  Juvenile Chinook salmon tended to exhibit positive rheotaxis, 
swimming against the resultant current at all times.  The incidence of impingement was very low 
(< 1 percent) in experimental fish.  However, juvenile Chinook salmon experienced frequent 
temporary contacts with the screen surface, particularly with their tails (80 percent of contacts).  
The rate of morbidity was very low following the incidental contacts with the screen in these 
experiments.  However, this could be a reflection of the benign environmental conditions under 
which the experiments took place.  There were no predators, and the post-experiment 
observation period only lasted 48 hours.  In the field, screens may have debris and other 
anomalies on their surface, which could produce abrasions to the skin of the fish.  These wounds 
to the skin of the juvenile salmonid would create an opening for pathogens to colonize, and 
possibly cause morbidity or mortality in the affected fish later on.  In addition, predators may 
seize the opportunity to mount attacks on juvenile salmonids that are dazed by the contact with 
the screen, or otherwise concentrated around the surface of the screen while holding position 
against the current.  NMFS assumes a 5 percent loss for fish exposed to the screens (95 percent 
effective) due to these various effects. 
 
NMFS does not anticipate that the screens will have any demonstrable effect on green sturgeon 
juvenile and sub-adults.  The size of the sturgeon present in the south Delta would preclude them 
from being entrained through the small perforations in the screen.  Green sturgeon rearing in the 
south Delta are considerably larger than the small perforations in the screen.  Salvaged green 
sturgeons are bigger than 125 mm and average 330 mm.  Studies with pallid and shortnose 
sturgeon (Kynard and Horgan 2001) previously mentioned had nearly 100 percent efficiency 
with louver arrays with considerably larger gaps in the screen than present at the CCWD’s intake 
facilities.  NMFS does not anticipate that there will be any significant loss of green sturgeon 
related to the operation of the positive barrier screens. 
 
Entrainment at the Rock Slough diversion is expected to be minimal based on the past several 
years of monitoring data at this facility.  Although the diversion is not screened, current 
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operations which minimize water diversions from this facility have substantially reduced the 
number of listed salmonids entrained.  Future plans to further reduce exports to only the summer 
months will have additional benefits as listed salmonids will be less likely to be present in the 
regional waters.  Risk to individual fish will remain, but overall risk will be reduced since 
pumping is minimized during periods when fish are present in the system, and the likelihood of 
entrainment within the flow to the Rock Slough intake is reduced due to its lower volume.  No 
green sturgeon have ever been recovered during the 10 years of monitoring the Rock Slough 
canal and NMFS does not expect this to change.  Risk to individual sturgeon is considered to be 
very low to nonexistent. 
 
Increased flows in the future could affect OMR flows in the region.  This could lead to increased 
impacts on individual fish moving in the region’s waterways by increasing their vulnerability to 
the CVP/SWP export facilities. 
 
Based on the efficiency of the positive barrier screens in the Old River and Alternative Intake 
facilities, the risks to the populations of winter-run and spring-run, CV steelhead, and green 
sturgeon present in the South Delta during the year are believed to be minimal.  As mentioned in 
the above section, NMFS assumes that the screens are 95 percent efficient and are likely much 
better than this in reality.  Although individual fish my suffer mortality or morbidity, it is not 
anticipated that this will occur at a scale that would have population level ramifications.  
Likewise, given the very low numbers of listed salmonids and the complete absence of green 
sturgeon from the monitoring records over the past 10 years at the Rock Slough facility, its 
operation is believed to have negligible effects on the populations of listed salmonids or green 
sturgeon present in the South Delta.  The combined diversions from all three intakes however, 
may affect the OMR flows in the region and could make them more negative.  This would create 
additional stresses on the hydrodynamics in the South Delta, which can translate into greater 
impacts on fish movements in the region and a greater likelihood of encountering the flow fields 
around the CVP/SWP export facilities.  
 
6.6.6.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The effects of the CCWD on the designated critical habitat of CV steelhead and proposed critical 
habitat for Southern DPS green sturgeon in the South Delta is anticipated to be minimal by 
themselves.  The current and future levels of exports are substantially below those envisioned for 
the CVP and SWP facilities.  Nevertheless, the exports from the CCWD intakes do contribute to 
the additive net negative flow in Old and Middle Rivers and thus, in combination with the much 
larger CVP and SWP exports, negatively impact the hydrodynamics of the South Delta.  This 
affects the value of the South Delta waterways as migratory corridors for steelhead and green 
sturgeon. 
 
6.6.7  North Bay Aqueduct at Barker Slough Intake 
 
6.6.7.1  Deconstruct the Action 
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DWR operates the North Bay Aqueduct (NBA) intake in the North Delta through the operation 
of the Barker Slough Pumping Plant.  The NBA delivers water to Solano and Napa Counties.  
The plant’s exports currently range from 30 to 140 cfs.  Current pumping capacity is limited to 
140 cfs due to capacity of the existing pumps at the facility.  An additional pump is required to 
reach the pipeline design capacity of 175 cfs.  The Barker Slough Pumping Plant facility is 
equipped with a positive barrier fish screen designed and constructed to meet NMFS’ fish 
screening criteria.  The Barker Slough Pumping facility entrains water from Barker Slough and 
surrounding waterbodies including Campbell Lake, Calhoun Cut, and Lindsey Slough.  It is 
approximately 7 to 10 miles upstream of the confluence of Lindsey Slough with Cache Slough.  
Due to the entrainment of water from the surrounding sloughs, the intake has the potential to 
entrain migrating salmonids and green sturgeon that may be present in the Cache Slough 
complex of channels, including waters from the Yolo Bypass and Miners Slough.   
 
6.6.7.2  Assess Species Exposure 
 
Listed salmonids may be present in the waterways adjacent to the Barker Slough Pumping Plant, 
however several years of monitoring have failed to consistently capture any salmonids during the 
winter Delta smelt surveys (1996 to 2004) in Lindsey Slough or Barker Slough.  Captures of 
Chinook salmon have usually occurred in the months of February and March and typically are 
only a single fish per net haul (http://www.delta.dfg.ca.goc/data/nba).  Most Chinook salmon 
captured have come from Miners Slough, which is a direct distributary from the Sacramento 
River via Steamboat and Sutter Sloughs.  No steelhead have been captured in the monitoring 
surveys between 1996 to 2004, the dates available on the DFG website.  Green sturgeon are 
assumed to occur in the waters of Cache Slough and the Sacramento ship channel as green 
sturgeon have been caught in these waters by sport fisherman. 
 
6.6.7.3  Assess Species Response to the Proposed Action 
 
Seasonal pumping rates during the years 2005 to 2007 were 109 cfs in summer (June to August), 
94 cfs in fall (September through November), 39 cfs in winter (December through February), and 
36 cfs in spring (March through May).  The recent historical data indicates that actual pumping 
levels are substantially less than those predicted in the CALSIM II current conditions scenario 
(Study 7.0) during the winter and spring months.  For instance, the month of December has an 
average historical export rate of 52 cfs for the years 2005 through 2007.  The estimated export 
rate for December from Study 7.0 is 116 cfs.  The historical rate is only 44 percent of the 
modeled export rate.  Similarly, the historical export rate for the month of April (2005 through 
2007) is 31 cfs, while the estimate from Study 7.0 is 133 cfs.  The historical export rate is only 
23 percent of the modeled export rate.  Therefore under the current historical conditions, 
relatively little exports are diverted from the Barker Slough Pumping Plant.  In the modeled 
export scenario representing current conditions (Study 7.0), pumping is increased nearly two fold 
over historical conditions and increases even more during the near future and future conditions 
modeled for the action.  This would increase the potential for entrainment over the current 
historical conditions observed at the pumping plant. 
 



 417

During the summer, seasonal pumping rates for the modeled studies 7.0 and 7.1 are not 
substantially different from each other (average rates were 115 cfs and 107 cfs, respectively) but 
both were lower than the future condition modeled in Study 8.0 (135 cfs), a difference of 15 to 
20 percent.  The historical value for the summer season (2005 to 2007) is 109 cfs, relatively 
similar to the modeled current conditions.  NBA diversions are lower in fall, averaging 101 cfs in 
study 7.0, 99 cfs in study 7.1, and 123 cfs in study 8.0.  The historical pumping rate during the 
fall (2005 to 2007) was 94 cfs, which is similar to Study 7.0 which modeled the current 
conditions.  Modeled NBA diversions are highest during the winter months.  There was very 
little difference between Studies 7.0 and 7.1 during the winter.  However, study 8.0 differed from 
the other two studies, being greater in December (142 cfs versus 116cfs and 112 cfs) and lower 
in January (112 cfs versus 157 cfs and 155 cfs) and February (126 cfs versus 155 cfs and 154 
cfs).  All of the modeled pumping estimates are significantly greater than the historical average 
of 39 cfs for the period between December and February (2005 to 2007).  This represents a 
substantial increase between historical conditions and the modeled conditions.  Modeling 
estimates for the spring period also were substantially greater than the historical values from 
2005 to 2007.  The estimates for Study 8.0 export rates also were also greater than those for 
Studies 7.0 and 7.1.  For April, Study 8.0 had a diversion rate of 145 cfs while study 7.0 (133 
cfs) and Study 7.1 (128 cfs), a difference of approximately 10 percent.  For May, Study 8.0 also 
had a diversion rate of 145 cfs, which is approximately 25 percent higher than the estimated rates 
for Studies 7.0 and 7.1 (both 116 cfs).  Study 8.0 estimated an export rate of 148 cfs for June, 
approximately 18 percent higher than the estimates for Study 7.0 (126 cfs), and Study 7.1 (123 
cfs).  The historical export rate for the spring period between 2005 and 2007 was 36 cfs.  Again 
the modeled rates are substantially greater than the historical pumping rates.   
 
Overall, the modeled exports represent a significant increase in export levels and thus a greater 
risk to salmonids and green sturgeon in the waters adjacent to the pumping facility compared to 
their historical vulnerability.  The increased export rates increase the potential exposure of fish to 
the fish screen over the historical conditions.  However, the screens, which were designed to 
protect juvenile salmonids per NMFS criteria, should prevent entrainment and greatly minimize 
any impingement of fish against the screen itself.  Furthermore, the location of the pumping plant 
on Barker Slough is substantially removed from the expected migrational corridors utilized by 
emigrating Chinook salmon and steelhead smolts in the North Delta system.  Green sturgeon 
may be present in the waters of Lindsey and Barker sloughs since they are present in Cache 
Slough and the Sacramento Ship Channel.  Green sturgeon are expected to be fully screened by 
the positive barrier fish screen in place at the pumping facility. 
 
6.6.7.4  Assess Risks to Individuals 
 
Based on the increases in modeled pumping rates over the historical export rates between 2005 
and 2007, individual fish would be at a greater risk of exposure to the screens in response to the 
proposed action’s greater export rates.  However, the presence of salmonids in the waters of 
Barker Slough does not appear to be likely based on the monitoring data available.  If the fish are 
not present in the vicinity of the export pumps, then there is no increase in the encounter rates 
with the screens.  NMFS does not expect to see a demonstrable increase in the take of salmonids 
from the increased exports of the Barker Slough pumps for this reason. 
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The presence of green sturgeon is possible at the Barker Slough Pumping facility, but the 
entrainment risks presented by the pumps are minimized by the design of the screens.  NMFS 
does not expect that individual green sturgeon will be harmed by the screens. 
 
There is no discernable effect to the populations of winter-run or spring-run due to the operations 
of the Barker Slough Pumping Facility.  The infrequent presence of Chinook salmon in the 
monitoring surveys indicates that Chinook salmon are at low risk of entrainment.  Density 
appears to be quite low, and those Chinook salmon that have been captured in the monitoring 
surveys have tended to be in Miners Slough, a waterway to the east of Barker Slough.  If 
Chinook salmon were to be pulled into the vicinity of the screened pumps by the increased 
exports, the screens are designed to effectively prevent the entrainment of these fish. 
 
No steelhead have been recovered during the monitoring surveys conducted for the NBA at any 
of the monitoring sites sampled in the region.  Therefore, it would appear that steelhead are rare 
in these waters and very few would have the potential to be affected by the screened export 
pumps.  The take of very few fish would not be sufficient to have a population effect on Central 
Valley steelhead. 
 
6.6.7.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The location of the Barker Slough Pumping Plant lies within the regional waterways designated 
as critical habitat for both spring-run and CV steelhead.  The Federal Register (September 2, 
2005, 70 FR 52488) identifies the upstream tidal limits of Cache Slough and Prospect Slough, as 
well as Miners Slough and the Yolo Bypass within the Sacramento Delta Hydrologic Unit 5510 
as critical habitat.  Barker Slough and Lindsey Slough are interconnected with the Cache Slough 
complex of waterways and were not specifically excluded as critical habitat as was the 
Sacramento DWSC.  The proposed critical habitat for Southern DPS of green sturgeon includes 
the Yolo bypass as well as waters of the legal Delta.  Designated critical habitat for winter-run is 
more ambiguous, as only the Sacramento River was named as critical habitat (58 FR 33212) and 
not any of the tributaries or side channels and sloughs associated with the north Delta system. 
 
The footprint of the Barker Slough Pumping Plant is relatively small and located approximately 
7 to 10 miles upstream from Cache Slough on Barker Slough.  Barker Slough is a dead-end 
Slough without any significant sources of inflow.  It does not physically block a migratory 
corridor, nor does it occur in habitat that appears to be utilized extensively by Chinook salmon, 
steelhead, or green sturgeon based on the monitoring surveys mentioned previously.  The 
primary effects of the NBA and the Barker Slough Pumping Plant are related to the entrainment 
of water from the Cache Slough complex of waterways.  The entrainment of water from these 
waterways can redirect or delay listed salmonids present in those waterways.  This can affect the 
PCE concerned with the preservation of the functionality of the migratory corridors for listed 
salmonids or green sturgeon.  However the effect the Barker Slough Pumping on this PCE is 
believed to be negligible due to the relatively small magnitude of the diversion, even with the 
predicted increases in exports in the near future and future conditions.   
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6.6.8  Vernalis Adaptive Management Plan 
 
6.6.8.1  Deconstruct the Action 
 
The VAMP is an experimental study that provides for a steady 31-day pulse flow of water (target 
flow) at the Vernalis gage on the San Joaquin River during the months of April and May.  The 
target flow is calculated from a formula which takes into account the existing flows in the San 
Joaquin River and the current and past 2 year’s hydrology, based on the San Joaquin River Basin 
60-20-2017 water year classification scheme.  In addition to the target flow, there are 
corresponding restrictions in the export levels of the CVP and SWP pumping facilities as well as 
the installation of the fish barrier at the Head of Old River.  Both Reclamation and DWR are 
signatories to the SJRA and have agreed to pay 4 million dollars per year ($4,000,000) to the 
SJRGA to cover the authorities’ contribution of water to the plan from their respective water 
supplies.  Reclamation’s share of this payment is $3,000,000 per year, and DWR, as part of its 
CVPIA cost share obligations, will furnish the remaining $1,000,000.  This funding agreement is 
set to terminate on December 31, 2009, while the SJRA sunsets in 2012 unless it is extended. 
 
During the early discussions regarding modeling assumptions, Reclamation and DWR 
committed to providing a VAMP-like river flow in the San Joaquin River and export reductions 
during the VAMP operational period, should the agreement not be extended into the future 
(project description, pages 76-77).  The VAMP target flows and export rates are contained in 
table 6-36, below.  For the purposes of the combined CVP/SWP operations forecasts, the VAMP 
target flows are simply assumed to exist at the Vernalis gage compliance point.  Currently, 
supplemental volumes of water needed to reach the annual target flow are released on each of the 
three east side tributaries, i.e. the Stanislaus River, the Tuolumne River, and the Merced River, in 
a coordinated fashion to provide pulse flows down each river channel while maintaining the 
target flow at the Vernalis gage.  These pulse flows are believed to stimulate outmigration of 
fall-run (the target species for the VAMP experiments) downstream towards the Delta.  
However, it also is acknowledged that other species of fish, including the CV steelhead, benefit 
from these pulses.  NMFS believes that these pulse flows are critical cues for the listed steelhead 
in these tributaries to initiate their downstream emigration to the ocean (see SJRGA annual 
reports 2001-2008). 
 

 
1760-20-20, also known as the San Joaquin Valley’s water year type index, equals 0.6 * Current Apr-Jul Runoff + 

0.2 * Current Oct-Mar Runoff + 0.2 * Previous Year's Index, where runoff is the sum of unimpaired flow in MAF 
at: Stanislaus River below Goodwin Reservoir (aka inflow to New Melones Res.), Tuolumne River below La 
Grange (aka inflow to New Don Pedro Reservoir), Merced River below Merced Falls (aka inflow to Lake 
McClure), and San Joaquin River inflow to Millerton Lake, and the previous year’s index is a maximum of 4.5 
(http://cdec.water.ca.gov/cgi-progs/iodir/wsi). 
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Table 6-36.  Scheduled VAMP target flows and export reductions required under the San Joaquin River 
Agreement. 

VAMP Vernalis Flow and Delta Export Targets 
Forecasted Existing Flow 

(cfs) 
Vamp Target Flow (cfs) Delta Export Target Rates 

(cfs) 
0 to 1,999 2,000  

2,00 to 3,199 3,200 1,500 
3,200 to 4,449 4,450 1,500 
4,450 to 5,699 5,700 2,250 
5,700 to 7,000 7,000 1,500 or 3,000 

Greater than 7,000 Provide stable flow to 
extent possible 

1,500, 2,250, or 3,000 

 
Reclamation and DWR did not provide further resolution of their future operations other than to 
provide VAMP-like flows at Vernalis.  NMFS has considerable interest in how the flows in the 
two other tributaries, besides the Stanislaus River, will be affected by the future CVP/SWP 
operations.  As mentioned above, the Tuolumne River and Merced River release a portion of the 
total supplemental water required to meet the targeted flows required under the VAMP 
experiment each year.  These flows are integral to stimulating outmigration of both the 
threatened CV steelhead, and fall-run, a species of concern under the ESA, from the Tuolumne 
River and Merced River.  Furthermore, decreases in the pulse flows on these rivers would be an 
adverse modification of critical habitat designated for CV steelhead in regards to flow related 
decreases in rearing area suitability and physical and flow related obstructions in the migration 
corridors from the rearing areas below the dams, downstream to Vernalis on the San Joaquin 
River where the Stanislaus River enters.   
 
6.6.8.2  Assess Species Exposure 
 
VAMP actions will primarily affect CV steelhead originating in the San Joaquin River basin.  
Under historical and current conditions, pulse flows in the tributaries will affect steelhead 
originating in the Stanislaus, Tuolumne, and Merced rivers.  These pulse flows are typically 
staggered among the tributaries to maintain the desired target flows at Vernalis, with the 
Stanislaus River generally contributing the greatest volume.  San Joaquin River basin steelhead 
within the mainstem San Joaquin River from the Merced River confluence through the Delta 
benefit from the VAMP pulse flows.   
 
Within the Delta proper, other runs of listed salmonids and the Southern DPS of green sturgeon 
may benefit from the additional water flowing downstream and the export reductions taken as 
part of the experiment.  During the 31 day pulse flow (typically April 15 through May 16), 
spring-run from the Sacramento River basin, steelhead from several watersheds outside of the 
San Joaquin River basin (i.e., the Sacramento River basin, Feather River, American River, 
Mokelumne River and Calaveras River), the tail end of the winter-run outmigration, and rearing 
green sturgeon in the Delta all may benefit from the VAMP operations due to their potential 
presence in the Delta during this time period. 
 



6.6.8.3  Assess Species Response to the Proposed Action 
 
The VAMP experiments were designed to examine the relationships between upstream flows as 
measured at Vernalis, the role of exports, and the eventual survival of fall-run migrating through 
the Delta.  The experiments provided sufficient in-river flows to provide migratory cues in the 
three San Joaquin River tributaries to fall-run and subsequently to test the relationship of flows 
with survival through the lower river reaches of the mainstem San Joaquin River and 
subsequently through the Delta.  CV steelhead co-occurring with fall-run in these tributaries 
were also expected to benefit from these flow manipulations.   
 
Under the future proposed VAMP-like operations, spring pulse flows are only linked to the 
Vernalis standard.  Reclamation and DWR have not elaborated the details of this plan, 
particularly if pulse flows will continue on the Merced and Tuolumne rivers as has occurred 
historically in the VAMP experiment.  Decreased flows on these rivers would create a situation 
in which the downstream water temperatures on the valley floor would become warmer with the 
progressively increasing air temperatures experienced during a typical spring in the Central 
Valley.  As spring progressed, the increasing air temperature would continue to warm the river 
water and create thermal barriers within the downstream reaches of the river channel.  Without a 
suitable pulse of cooler water moving downstream from increased dam releases to breakdown 
this thermal barrier, juvenile salmonids would be unlikely to survive their migration downstream 
to the Delta, dying from excessive thermal exposure en route.  The only recourse is to remain 
within the reaches immediately below the terminal dams and reside in the cool tailwater reaches 
of the river over the summer and emigrate the following fall or winter when air temperatures 
decrease with the onset of winter.  Unfortunately, due to the restricted habitat available below the 
dams with sufficient cool water to maintain suitable habitat requirements for either steelhead or 
fall-run Chinook salmon, density dependent mortality is anticipated to occur.  There is currently 
insufficient space in the tailwater sections of these tributaries to support a large population of 
over summering salmonids under current summertime releases, and this is itself identified by 
NMFS as a limiting factor in steelhead recovery in the San Joaquin River basin.  Forcing 
increased numbers of Chinook salmon and steelhead to compete for the limited over summering 
habitat and their resources (food, holding areas, cover, etc.) due to lack of sufficient outmigration 
spring pulse flows, would place additional stressors on the remaining populations of CV 
steelhead that would “normally” be present in these areas over the summer.  
 
NMFS reviewed several reports in assessing the effects of flow in the San Joaquin River basin on 
the salmonid populations residing in the basin.  Skinner (1958) reported that Central Valley 
populations of Chinook salmon exhibited wide fluctuations in abundance from 1870 onward by 
examining landings of Chinook salmon in California.  The overall trend in abundance was 
negative, but every 30 years or so, particularly large landings occurred.  Skinner (1958) opined 
that the declines in the Chinook salmon fisheries appear to be chronologically associated with 
water development projects in California, and the increase in the ocean troll fishery.  Skinner 
(1958) describes the effects of the construction of Friant Dam on the upper San Joaquin River on 
the extirpated the spring-run population that formerly inhabited that watershed.  Skinner (1958) 
stated:  
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"Friant Dam on the San Joaquin River has had multiple effects on the spring fishery.  In 
the first place the dam has cut off a third or more of the spawning area.  Secondly, flows 
below the dam were inadequate during normal migration periods to assure passage of the 
fish either up or down the river.  Only enough water is permitted to flow down the river 
to fulfill irrigation commitments.  The released water flows to the delta Mendota Pool 
and a small amount reaches the ‘Sack Dam’ at Temple Slough where it is diverted for 
agricultural purposes.  Below this point, the river goes dry except for small amounts of 
water received from its downstream tributaries.  Because of these conditions, salmon 
obviously cannot ascend to the spawning area in the vicinity of Friant Dam."   

 
Skinner (1958) also makes the observation that with the extirpation of the San Joaquin River 
spring run population that the commercial catches of spring run plummeted from 2,290,000 
pounds in the 1946 season to 14,900 pounds in 1953.  Functional extirpation of the San Joaquin 
River spring-run population occurred following the completion of the Madera Canal in 1944, and 
the completion of the Friant-Kern canal in 1949, allowing full use of the distributional system 
under Reclamation's operational plan.  Skinner (1958) concluded that the last successful spawn 
of spring run in the San Joaquin River has not occurred "since the spring of 1946."  This is an 
example of the direct consequences resulting from the alteration and loss of necessary in-stream 
flows to support salmonid populations below dams in the San Joaquin River basin. 
 
Kjelson et al. (1981) described the effects of freshwater inflow on survival, abundance, 
migration, and rearing of Chinook salmon in the upstream (Delta) portions of the Sacramento-
San Joaquin Estuary.  Kjelson et al. (1981) pointed out that additional inflows of freshwater at 
the appropriate time during the winter and spring will increase the numbers of fry and juvenile 
salmon utilizing the estuary and the survival of juveniles in the estuary.  Flow-related concerns 
for salmon in the estuary stem from water development activities in the Central Valley that have 
altered the distribution of flow resulting in impacts on juvenile and adult salmon migrations, as 
well as the lack of comprehensive flow standards on the tributaries and mainstem river reaches 
that are protective of salmon.  The authors further explain that water development projects have 
caused major changes in the flow patterns within the estuary and the amount of flow entering the 
ocean from upstream sources.  The San Joaquin River system has been particularly altered as 
most of the upstream inflow to the basin has been captured and utilized in regions upstream of 
the Delta.  Typical export rates substantially exceed the flow of the San Joaquin River; hence 
most of the San Joaquin River flow goes to the export pumps rather than to the ocean.  The 
authors concluded that the distribution and flow of water through the Delta waterways are 
heavily influenced by the design and operation of the state and federal water projects.  Kjelson et 
al. (1981) report that analysis of data gathered between 1957 and 1973 indicates that the numbers 
of adult Chinook salmon spawners returning to the San Joaquin River system are influenced by 
flows 2.5 years earlier during their rearing and downstream emigration life history phases.  In 
general, higher flows resulted in greater numbers of adults returning to spawn.  Kjelson et al. 
(1981) also implicate the potential adverse effects of the pumps in the reduced survival of fish 
emigrating through the Delta, indicating that as export rates are increased, more downstream 
migrating salmon are drawn to the fish screens.  Kjelson et al. (1981) estimate that the number of 
fish observed at the fish screens is probably only 5 percent of the total downstream migration in 
the system, but that a "much larger fraction probably is drawn out of their normal migration 
path" by the effects of the pumps on water flow in the Delta's channels.  Kjelson et al. (1981) 
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state that the "alteration in flow distribution caused by drafting increased volumes of water 
across the Delta to the pumps apparently increases the mortality of salmon that do not ever reach 
the fish screens."  In support of this statement, Kjelson et al. (1981) point out those mark-
recapture studies in which fish that migrate downstream in waterways that are far removed from 
the effects of the pumps had higher relative survival rates than those released in waterways under 
the influence of the pumps.   
 
Kjelson et al. (1982) reiterate the reduced survival of salmon in the delta due to influences of 
natural and anthropogenic sources.  They found that Chinook salmon smolt survival decreased as 
flow rates decreased and water temperatures increased, particularly in the later portions of the 
outmigration period.  Furthermore, they restated their belief that the influence of the state and 
federal exports negatively impacted the survival of emigrating smolts through the Delta. 
 
In a study assessing the influence of San Joaquin River inflows, state and Federal exports, and 
migration routes, Kjelson et al. (1990) released experimental fish (coded wire tagged hatchery 
Chinook salmon) during the spring of 1989 at Dos Reis on the San Joaquin River below the head 
of Old River, and in Old River itself downstream of the head under conditions with low San 
Joaquin River flow (≈ 2,000 cfs) and high/low export conditions (10,000 cfs and 1,800 cfs).  The 
results of the study were unexpected as the rate of survival was not greater for the low export 
conditions compared to the higher export conditions.  Upon further examination of the data, 
Kjelson et al. (1990) found that survival was comparatively lower for all upstream release groups 
that year compared to other studies conducted in previous years.  In addition, Kjelson et al. 
(1990) surmised that the short period of reduced exports (7 days) was not long enough to allow 
fish to exit the system and move beyond the influence of the exports when higher pumping 
resumed.  Based on the times to recovery at Chipps Island, it was concluded that a sizeable 
proportion of the released fish were still in the Delta when the higher export levels resumed.  
This conclusion is further reinforced by the salvage of fish released at Jersey Point, indicating 
that fish were drawn upstream into the interior of the Delta and towards the pumps from their 
release points in the western Delta.  The study, although having several significant flaws, did 
conclude that survival was higher in the mainstem San Joaquin River compared to Old River and 
that survival in the Delta interior was lower compared to the western Delta (i.e., Jersey Point 
releases).  Kjelson et al. (1990) cautioned about drawing conclusions about export rates and 
survival from the data due to its obvious flaws. 
 
Kjelson and Brandes (1989) reports on the results of ongoing mark-recapture studies conducted 
in the Sacramento-San Joaquin Delta and the effects of river flows, percent diversion of 
Sacramento River water through the DCC, and river temperatures.  The findings of that paper 
also conclude that elevated flows, as measured at Rio Vista on the Sacramento River, increase 
survival of Chinook salmon smolts from the Sacramento River basin through the Delta as 
measured by both ocean recoveries of adults and recaptures of tagged smolts at Chipps Island in 
the mid-water trawls.  Similarly, adult escapement in the San Joaquin River basin also increases 
with spring time flows at Vernalis 2.5 years earlier.  Increasing water temperature was also 
shown to decrease smolt survival through the Delta during the critical April through June 
outmigration period of fall-run. 
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In a more recent report, Mesick et al. (2007) assessed the limiting factors affecting populations 
of fall run and steelhead in the Tuolumne River.  The paper describes potential limiting factors 
which may affect the abundance of fall-run and both resident and anadromous (steelhead) forms 
of rainbow trout in the Tuolumne River.  This information was then synthesized into conceptual 
models to help guide management decisions in regards to steelhead and fall-run.  In general, 
Mesick et al. (2007) found that river flows were the limiting factor with the greatest influence on 
the salmonid populations in the Tuolumne River.  As found in previous studies, there is a strong 
relationship between adult escapement and spring-time river flows during the juvenile/smolt 
outmigration stage.  Flows measured over the period between March 1 and June 15 explained 
over 90 percent of the variation in the escapement data.  However, Mesick et al. (2007) 
identified two critical flow periods for salmon smolts on the Tuolumne River: winter flows 
which affect fry survival to smolt stage, and spring flows which affect the survival of smolts 
migrating from the river through the delta.  Based on results from ongoing VAMP studies, 
Mesick et al. (1990) also noted that increased flows at Vernalis also increased survival of smolts 
emigrating through the Delta.  Water temperature in the river was also identified as a potential 
limiting factor for salmonid survival within the emigration time period.  Flows have a substantial 
role in maintaining suitable water temperatures within the river system, with higher flows 
prolonging and extending the cool water migratory corridor downstream than low flow 
conditions.  Mesick et al. (1990) found that for Tuolumne River fall-run escapement data, that 
exports had little effect on adult production compared to winter and spring flows.  Flows were 
the primary factor, beyond all other factors, in determining adult production from smolts. 
 
NMFS also reviewed the restoration reports for the CVPIA, including the three volumes of 
"Working Paper on Restoration Needs" for the AFRP (USFWS 1995) and the Final Restoration 
Plan for the AFRP (USFWS 2001).  The plan identified the Delta as the highest priority for 
restoration actions (USFWS 2001 page 17), given that it was highly degraded, due in part to 
CVP (and SWP) operations, and that all anadromous fish must pass through the delta as juveniles 
and adults.  In addition, the San Joaquin River mainstem and its tributaries below Mendota Pool 
were assigned a high priority (but lower than the Delta) due to its highly degraded habitat and 
substantially reduced production of fall-run.  Specific actions in each watershed and the Delta 
were identified to address the limiting factors present in those areas and were prioritized as to 
their ability to implement the "doubling goal" for affected fish populations.  In general, actions 
scored a high priority if they promote natural channel and riparian habitat values and natural 
processes, such as those affecting stream flow, water temperature, water quality, and riparian 
areas.  Actions are assigned medium priority if the affect emigration or access to streams, such as 
sites of entrainment into diversions and migration barriers.  Like the previous reports, the AFRP 
Restoration Plan recommended increasing flows within the tributaries and mainstem San Joaquin 
River as a high priority action to increase salmonid production.  Within the Delta, actions which 
would provide protection to juvenile salmonids migrating through the Delta from November 1 
through June 30, equivalent to the protection provided by restricting exports to minimal levels, 
were given high priority.  The specific increases in flow were developed to achieve the targeted 
doubling of fish populations as required under the CVPIA, and are not necessarily the flows 
needed to sustain or protect populations from further decline or achieve population stability.  
Targeted flows are typically much greater than the average or median flows observed in the 
rivers under current conditions.  In addition to flows, maintaining appropriate water temperatures 
in the tributaries for salmonid life history stages were also given a high priority.  The AFRP 
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restoration plan recommended that actions be implemented "to maintain suitable water 
temperatures or minimize length of exposure to unsuitable water temperatures for all life stages 
of Chinook salmon in the San Joaquin River and Delta."  Targeted water temperatures are 56oF 
between October 15 and February 15 and 65oF between April 1 and May 31 for Chinook salmon 
in the mainstem San Joaquin River.  Furthermore, the construction and operation of a barrier at 
the head of Old River to improve conditions for Chinook salmon migration and survival was 
given a high priority so long as its operation had minimal adverse effects on other delta fish 
species. 
 
An additional reference used by NMFS during the evaluation of flow impacts in the San Joaquin 
River Basin is CDFG’s "Final Draft 11-28-05 San Joaquin River Fall-run Chinook salmon 
Population Model," which evaluated various parameters that have been identified as influencing 
abundance of escapement of fall-run into the San Joaquin River.  These parameters included 
such variables as ocean harvest, Delta exports and survival, abundance of spawners, and spring 
flow magnitude, duration, and frequency.  The model was developed in response to the SWRCB 
call for comments and recommendations to the 1995 WQCP San Joaquin River spring Vernalis 
flow objectives in 2005.  CDFG determined that the Vernalis spring flow objectives were not 
adequate for the long-term protection of fall-run beneficial uses in the San Joaquin River basin 
because:  (1) the San Joaquin River salmon population trend continues to be below the 1967 - 
1991 historic average upon which the narrative Doubling Goal was established (CVPIA 
Restoration Plan goals); (2) salmon smolts are not afforded the level of protection as envisioned 
by the 1995 WQCP; (3) the VAMP experiment is not working because it has not been 
implemented as designed; and (4) spring outflow is the primary factor controlling fall-run 
population in the San Joaquin River basin.  CDFG summarized the shortfalls of the 1995 WQCP 
Vernalis flow objectives as being due to:  (1) the diminished magnitude of the Vernalis flow 
objective; (2) the narrowness of the pulse flow protection window; (3) the infrequent occurrence 
of elevated flow objective levels; and (4) the frequent occurrence of reduced flow objective 
levels.  CDFG found in the development of their spreadsheet model that non-flow parameters 
had little or no relationship to fall-run population abundance and that spring-time flow 
magnitude, duration, and frequency were the dominant factors influencing Chinook salmon 
abundance in the basin.  In their analysis of the influence of exports and flow on salmon 
production, CDFG could not find a statistically significant role for exports compared to the 
influence of the spring time flows.  The role of flow always dominated the interaction of exports 
and flow on salmon abundance.  However, it should be noted that exports typically increase 
when San Joaquin River flows increase, thereby making exact relationships difficult to determine 
and that only a narrow range of river flows and exports were tested in the VAMP experiments to 
date.  CDFG summarized the relationship between export, flow, and salmon production to be 
that when the ratio of exports to Vernalis flow decreases both escapement and cohort production 
increases.  The relationships that suggest flow is the dominant factor influencing salmon 
production, rather than exports, are:  (1) when the ratio of spring exports to spring Vernalis flows 
decreases, Vernalis flow greatly increases and San Joaquin River basin production greatly 
increases; (2) when the ratio of spring exports to spring Vernalis flows increases, Vernalis flow 
greatly decreases and San Joaquin River basin salmon production substantially decreases; (3) 
juvenile salmon survival increases when spring Vernalis flows increase; (4) spring export to 
spring Vernalis flow ratio has little influence upon juvenile salmon survival; and (5) as the 
difference between spring Vernalis flow level and spring export flow level increases, escapement 
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increases.  Nevertheless, CDFG recognized that the influence of delta exports upon San Joaquin 
River salmon production was not totally clear but that its influence was not as negative, at least 
compared to flows, as it had previously been thought to be.  Its analysis indicated that 
comparatively, flows were the much more influential variable in determining production levels 
in the basin compared to exports.   
 
The model results indicated that in all scenarios tested, increasing the magnitude of spring 
outflow resulted in increased salmon production for all water year types.  Likewise, in all 
scenarios tested, expanding the window of protection resulted in increased salmon production.  
The greatest increment in salmon production associated with increasing the window of protection 
was from 30 days to 60 days.  Further increases in the window of protection beyond 60 days 
produced smaller incremental gains in salmon production.  The 60-day period roughly 
encompasses the majority of the salmon outmigration window.  When both flow magnitude and 
the window of protection are increased together, the salmon production in the basin increases 
substantially.  Based on the model results, CDFG concluded that the optimal mix of flows and 
window of protection was: (1) wet years=20,000 cfs for 90 days; (2) above normal years=15,000 
cfs and a 75-day window; (3) below normal years = 10,000 cfs for 60 days; (4) dry years = 7,000 
cfs for 45 days; and (5) critical years = 5,000 cfs for 30 days.  The model suggests that these flow 
objectives at Vernalis would accomplish the Doubling Goals of the CVPIA-AFRP, improve the 
fall-run replacement ratio, and would, as compared to other possible flow objective windows 
simulated with the model which met the Doubling Goals; result in the lowest water demand.  
This mixture of flows and protective windows, however, still used approximately 1 million 
additional acre feet of water from the reservoirs, on average, to meet its needs. 
 
Recent papers examining the effects of exports on salmon survival have been unable to prove a 
statistically significant reduction in survival related to exports (Newman 2008).  However 
Newman also caveats these findings by indicating that the data used in his analysis had a very 
low signal to noise ratio and that substantially greater numbers of observations were needed to 
more precisely estimate the effects of exports on salmon survival (Newman and Brandes in 
review).  The final resolution of the impacts of exports on survival is still being assessed and the 
inability of the statistical analysis to detect true impacts is not surprising given the high level of 
environmental variation in the data sets analyzed.  The inability to find a significant relationship 
between exports and salmon survival in a data set with a high noise to signal ratio does not mean 
that a relationship does not exist, but that further work is warranted to reduce the level of noise 
and clarify the relationship between these two factors. 
 
6.6.8.4  Assess Risk to Individuals 
 
The alterations of flow in the future VAMP-like action will affect individual steelhead residing 
in the Tuolumne and Merced rivers, based on the assumption that Reclamation and DWR will 
provide the water necessary for the Vernalis flow standards solely from the Stanislaus River.  
Reduced flows on the Tuolumne and Merced rivers will lead to declines in the suitability of the 
riverine habitats for steelhead, increased intra- and interspecies competition for resources and 
space in the remaining cold water reaches below the terminal dams, and a diminishment in the 
opportunity to emigrate successfully from these basins in the spring.  This may cause individual 
steelhead to residualize in the tailwater sections of the rivers and forego their steelhead life 
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history expression.  Steelhead that are successful in leaving the Tuolumne and Merced River 
basins will encounter conditions similar to the current VAMP operations once they pass 
Vernalis, as the flows are required to be comparable to the historical VAMP conditions at this 
point.  Conditions through the Delta should also be comparable to current conditions, as a 
commitment to continue export reductions has been made by Reclamation and DWR as part of 
the project description.  In light of the results from the recent years of the VAMP experiment, 
steelhead survival through the Delta is expected to be low.  The loss of individually marked 
Chinook salmon between the upstream release points and downstream recapture locations 
remains high, and the survival of steelhead smolts is expected to be similar to these experimental 
fish since they travel through the same migratory corridor at the same time. 
 
The expected changes in the VAMP water releases among the three tributaries is expected to 
decrease the viability of the San Joaquin River basin steelhead population.  The diminishment of 
the steelhead habitat in the Tuolumne and Merced River tailwaters essentially reduces the 
available functioning habitat to only the Stanislaus River.  This increases the risk to the 
population as only the Stanislaus River can be operated to support the basin’s remaining 
population with any certainty.  Risks associated with catastrophic events increase dramatically 
when the population is reduced to only one stream for its survival in the basin and the viability of 
the Southern Sierra steelhead diversity group becomes more tenuous as a result.  This decreases 
the overall viability of the CV steelhead DPS by reducing the survival capacity of one of its 
original diversity groups. 
 
6.6.8.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The potential changes in the VAMP springtime pulses have the potential to substantially reduce 
the function of the designated critical habitat on the Tuolumne and Merced River for steelhead.  
The reductions in springtime pulses on these tributaries reduce the values of PCEs associated 
with freshwater rearing and freshwater migratory corridors.  As previously explained in the 
effects section for this action, reductions in springtime pulses reduce the cues for steelhead to 
initiate their downstream emigration at an appropriate time.  The pulses help to connect the upper 
tailwater sections of the rivers with the lower valley floor reaches.  Temperatures during spring 
increase on the valley floor and the altered hydrology of the tributaries due to dams prevents 
runoff from spring snowmelt from providing a continuous corridor of appropriately cool water 
between the rearing areas (now below the dams) with the lower valley floor reaches running 
down the middle of the San Joaquin Valley.  This connection must now be made from controlled 
releases from the terminal dams.  Without the releases, the downstream sections of the tributaries 
and valley floor sections of the San Joaquin River are too warm to provide appropriate thermal 
conditions for emigrating steelhead.  Warmer temperatures may prove to be fatal in their own 
right, but are also expected to reduce the condition of the emigrating steelhead and make them 
more susceptible to predators and disease.  Reduced flows are also likely to increase the 
population density of steelhead in the shrinking habitat below the dams as the weather warms.  
The outcomes of this truncated rearing habitat were previously explained in the effects section 
for this action.  Overall survival is expected to decrease with the reduction in the value of the 
freshwater rearing habitat available to the steelhead. 
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6.6.9  Climate Change 
 
The results from Reclamation’s climate modeling show that climate change typically had more 
effect on Delta flows during wetter years than during drier years.  This result seems related to 
how CVP and SWP operations occur with more flexibility during wet years, within the 
constraints of flood control requirements, compared to drier years when the CVP and SWP 
operations may be more frequently constrained to maintain in-stream flows and other 
environmental objectives. 
 

• Head of Old River Flows  
− Remained positive (oceanward) for all scenarios 
− Decreased in winter and spring of wetter years for the drier climate change scenarios 

(studies 9.4 and 9.5) 
− Increased in winter of wetter years for the wetter climate change scenarios (studies 

9.2 and 9.3) 
− Changes were minor during drier years for all climate change scenarios 

• Old and Middle River Flows  
− Flows were typically negative (landward) except for a flow reversal in winter of 

wetter years for the wetter, less warming scenario (study 9.2) 
− Fall and winter flows are the most sensitive to climate change  
− Negative winter flows decreased for the wetter scenarios and increased for the drier 

scenarios 
− Negative fall flows increased for the wetter scenarios and decreased for the drier 

scenarios 

• QWEST Flows (westward flows from the Delta towards the ocean) 
− Magnitude and direction of QWEST is affected by climate change scenario and 

season.   
− Flow direction is 

 typically positive during wetter water years except for summer for the drier 
climate change scenarios 

 always positive in the spring 
 typically negative in the summer of drier years except for the drier, more warming 

scenario 
 positive in the fall of drier years for the drier climate change scenarios and 

negative in fall of drier years for the wetter climate change scenarios 
− Winter flows are the most sensitive to climate change and response varies by scenario 

• Cross Delta Flows  
− Winter flows were the most sensitive to climate change, flows decreased for the drier 

climate scenarios and increased for the wetter climate scenarios 
 
Results show that climate change typically had more effect on Delta velocities during wetter 
years than during drier years.  This result is consistent with the Delta flow results 
 

• Head of Old River Velocities  
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- Are positive (oceanward) for all scenarios 
- Increased in winter and spring of wet years for the wetter climate change scenarios 
- Decreased in winter and spring of wet years for the drier climate change scenarios 
- Changes were typically less than 0.05ft/s during drier years for all climate change 

scenarios 

• Middle River at Middle River Velocities 
- Are negative (landward) for all scenarios except for a slight reverse flow in winter of 

the wetter, less warming scenario 
- During wetter years, negative winter velocities decreased for the wetter climate 

change scenarios and increased for the drier climate change scenarios 
- Changes were typically less than 0.05ft/s for drier climate change scenarios 

• San Joaquin River at Blind Point Velocities 
- Are positive (oceanward) for all scenarios  
- Changes were typically less than 0.05ft/s 

• Cross Delta Velocities (Georgiana Slough) 
- Are positive (oceanward) for all sceanarios 
- Increased in winter for the wetter climate change scenarios and decreased in winter 

for the drier climate change scenarios 
 
The fall and winter periods appear to have the most sensitivity to climate changes.  In general, 
the pattern of study results suggests that OMR flow during January through June becomes more 
negative during dry years in the drier/less warming and drier/more warming scenarios, but with 
some substantial changes that are mostly either increases in negative flow or decreases in 
positive flow compared to the other scenarios.  In other words, in the drier climate change 
scenarios it is expected that fish in the channels surrounding the CVP and SWP projects will be 
exposed to higher entrainment risks during the January through June time frame than under 
projected future conditions without climate change.  Wetter climate patterns appear to present 
less entrainment risk during the January through June period in wet and above normal water year 
types, but elevated risks during the below normal, dry and critically dry water year types.  The 
late fall period (October through December) also had consistently higher risks of entrainment in 
the wetter climate scenarios than the base case modeled in Study 9.0 for the future climate 
change models (see tables 6-37 and 6-38). 
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Table 6-37.  Trends for Average Changes in Flow for Climate Change Scenarios Relative to the Base Case. 
Trends and flow directions are based on 50 percent values.  Trends are rounded to nearest 250 cfs.  No shading (white) indicates locations with positive 
(oceanward) flows. Dark shading (blue) indicates locations with negative (landward) flows.  Light shading (yellow) indicates locations with mixed flow regimes 
(sometimes positive and sometimes negative).  Seasons are defined as winter is Jan-Mar, spring is Apr-Jun, summer is Jul-Sep, and fall is Oct-Dec. Wetter year 
types are those classified as wet or above normal.  Drier year types are those classified as below normal, dry or critically dry. 
 

Wetter, Less Warming Wetter, More Warming Drier, Less Warming Drier, More Warming Name Year 
Type Flow Flow Flow Flow 

Wetter 
Increased by 1750cfs in spring, 1000cfs 
in summer, 250cfs in fall, and 750cfs in 
winter 

Increased by 500cfs in winter, decreased 
by 1500cfs in spring, decreases were less 
than 250cfs in summer and fall 

Decreased by 3500cfs in winter and spring, 
and decreased by 250cfs in summer and 
fall 

Decreased by 2750cfs in winter and 
3000cfs in spring, decreases were less 
than 250cfs in summer and fall 

Head of  
Old River 

Drier Changes were less than 250cfs Changes were less than 250cfs Changes were less than 250cfs Changes were less than 250cfs 

Wetter 

In winter flows changed from negative 
3200cfs (landward) to positive 100cfs 
(oceanward).  The rest of the year, 
negative (landward) flows  decreased by 
750cfs in spring, 250cfs in summer, and 
increased by 500cfs in fall 

Negative (landward) flows decreased by 
2500cfs in winter, 750cfs in spring, and 
250cfs in summer.  Negative flows 
increased by 750cfs in fall. 

Negative (landward) flows increased by 
3250cfs in winter, 500cfs in spring and 
1000cfs in summer.  Negative flows 
decreased by 500cfs in fall. 

Negative (landward) flows increased by 
1250cfs in winter.  Negative flows 
decreased by 250cfs in spring and by 
1750cfs in fall.  Summer flow changes 
were less than 250cfs. 

Old and 
Middle 
River 

Drier 

Negative (landward) flows increased by 
less than 250cfs in winter, 750cfs in 
spring, 1000cfs in summer and 1750cfs 
in fall. 

Negative (landward) flows increased by 
500cfs in winter, spring, fall, and 750cfs 
in summer. 

Changes were less than 250cfs in spring 
and fall.  Negative (landward) flows 
decreased by 750cfs in summer and 
increased by 500cfs in winter. 

Negative (landward) flows decreased by 
250cfs in winter, 500cfs in spring, 
1000cfs in summer and 750cfs in fall 

Wetter 
Increased by 4000cfs in winter, 3000cfs 
in spring, 1500cfs in summer and 500cfs 
in fall 

Increased by 3750cfs in winter, changes 
were less than 250cfs in spring, increased 
by 250cfs in summer, and decreased by 
500cfs in fall 

Positive (oceanward) flows decreased by 
6500cfs in winter, 1750cfs in spring, 
750cfs in summer, and 250cfs in winter. 

Positive (oceanward) flows decreased by 
4250cfs in winter and 1250cfs in spring, 
250cfs in summer. Positive fall flows 
increased by 250cfs. 

QWEST 

Drier 

Negative (landward) winter flows of 0cfs 
changed to positive (oceanward) flows of 
400cfs.  Positive spring flows increased 
by 250cfs.  Summer flow changes were 
less than 250cfs.  Positive flows of 200 
fall flows changed to negative flow of 
300cfs. 

Changes were less than 250cfs 
Flow changes were less than 250cfs in 
winter.  Positive flows increased by 250cfs 
in spring and fall, 750cfs in summer.  

Flow changes were less than 250cfs in 
winter.  Positive (oceanward) flows 
increased by 750cfs in spring, summer, 
and fall. 

Wetter 

Increased by 1000cfs in winter, 
decreased by 250cfs in spring and 
summer, changes were less than 250cfs 
in fall 

Increased by 2000cfs in winter, 750cfs in 
spring, and decreased by 750cfs in 
summer and 500cfs in fall 

Decreased by 1250cfs in winter, 500cfs 
spring and fall, increased by 250cfs in 
summer 

Decreased by 2250cfs in winter, 500cfs in 
spring, 250cfs in summer and 1000cfs in 
fall 

Cross Delta 

Drier 
Increased by 250cfs in winter and 
summer, 750cfs in fall, changes were 
less than 250cfs in spring 

Increased by 500cfs in winter, 250cfs in 
fall, changes were less than 250cfs in 
spring and summer 

Decreased by 250cfs in winter, summer 
and fall, decreased by 500cf in spring 

Decreased by less than 500cfs in winter, 
spring and fall, decreased by 750cfs in 
summer 

 



Table 6-38.  Trends for Average Changes in Delta Velocities for Climate Change Scenarios Relative to the Base Case. 
Trends and velocity directions are based on 50 percent values.  Trends are rounded to nearest 0.05ft/s.  No shading (white) indicates locations with positive 
(oceanward) velocities. Solid shading (blue) indicates locations with negative (landward) velocities.  Lighter shading (yellow) indicates locations with mixed 
velocity regimes (sometimes positive and sometimes negative).  Seasons are defined as winter is Jan-Mar, spring is Apr-Jun, summer is Jul-Sep, and fall is Oct-
Dec. Wetter year types are those classified as wet or above normal.  Drier year types are those classified as below normal, dry or critically dry. 
 

Wetter, Less Warming Wetter, More Warming Drier, Less Warming Drier, More Warming Name Year 
Type Velocity Velocity Velocity Velocity 
Wetter Increased by 0.05ft/s in winter, 0.25-

0.50ft/s in spring and summer, and 
0.15ft/s in fall 

Increased by 0.05ft/f in winter, increased 
by 0.35ft/s in spring, and changes were 
less than 0.05ft/s in summer and fall 

Decreased by 0.70ft/s in winter, 0.9ft/s 
in spring, 0.1ft/s in summer and less 
than 0.15ft/s in fall 

Decreased by 0.5ft/s in winter, 0.75ft/s 
in spring, 0.05ft/s in summer and fall 

Head of  
Old River 

Drier Increased by 0.05ft/s in spring, 
changes were less than 0.05ft/s in 
summer, fall and winter 

Changes were less than 0.05ft/s Decreased by 0.05ft/s in winter, spring 
and summer, decreased by less than 
0.05ft/s in fall 

Decreased by 0.05ft/s in winter and 
changes were less than 0.05ft/s in 
spring, summer and fall 

Wetter Winter velocities changed negative 
(landward) 0.1ft/s to nearly 0ft/s.  
Negative velocity changes were less 
than 0.05ft/s in spring and summer.  
Changes were less than 0.05ft/s in fall 

Negative (landward) velocities 
decreased by 0.05ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

Negative (landward) velocities increased 
by by 0.1ft/s in winter. Velocity changes 
were less than 0.05ft/s in spring, 
summer and fall. 

Negative (landward) velocities increased 
by 0.05ft/s in winter and decreased by 
0.05ft/s in fall.  Velocity changes were 
less than 0.05ft/s in spring and summer. 

Middle 
River at 
Middle 
River 

Drier Negative (landward) velocities 
decreased by 0.05ft/s in fall, changes 
were less than 0.05ft/s in winter, 
spring and summer 

Changes were less than 0.05ft/s Changes were less than 0.05ft/s Changes were less than 0.05ft/s 

Wetter Increased by 0.05ft/s in winter and 
spring, changes were less than 
0.05ft/s in summer and fall 

Increased by 0.05ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

Decreased by 0.05ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

Decreased by 0.05ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

San Joaquin 
River at 
Blind Pt. 

Drier Changes were less than 0.05ft/s Changes were less than 0.05ft/s Changes were less than 0.05ft/s Changes were less than 0.05ft/s 
Wetter Increased by 0.10ft/s in winter, 

0.05ft/s in spring, 0.25ft/s in fall, and 
changes were less than 0.05ft/s in 
summer 

Increased by 0.15ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

Decreased by 0.1ft/s in winter and fall, 
increased by 0.05ft/s in summer and 
changed less than 0.05ft/s in spring 

Decreased by 0.15ft/s in winter, 0.10ft/s 
in spring, 0.05ft/s in summer and fall 

Georgiana 
Slough 

Drier Changes were less than 0.05ft/s Increased by 0.05ft/s in winter, spring 
and fall, and changes were less than 
0.05ft/s in summer 

Decreased by 0.05ft/s in winter, spring 
and summer, changes were less than 
0.05ft/s in fall 

Decreased by 0.05ft/s in winter, summer 
and fall, and 0.1 ft/s in spring  
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6.6.10  Summary of the Delta Effects 
 
The quality of the Delta has been diminished over the past hundred years.  Human activities in 
the surrounding watershed during this period have led to the removal of vast stands of riparian 
forests and severe reductions in the fringing marshland habitat surrounding the Delta waterways, 
creation of armored levees throughout the valley floor watershed, channelization of waterways 
and construction of new channels to aid water conveyance in the interior of the delta (e.g., 
Victoria Canal, Grant Line Canal) and commercial shipping traffic (The Bay Institute 1998, 
Conomos et al. 1985, Nichols et al. 1986, Wright and Phillips 1988, Monroe et al. 1992, Goals 
Project 1999).  Over the past half century, substantial increases in the volume and frequency of 
water diversions by the CVP and SWP have occurred.  The value of the Delta as a rearing habitat 
for juvenile salmonids has been incrementally diminished with each modification to the system.  
Current data indicating that survival is substantially better for those fish that remain in the main 
channel of the Sacramento River rather than dispersing into the side channels and interconnected 
waterways (Brandes and McLain 2001; Vogel 2004, 2008a) indicate that the Delta has lost its 
ecological function for these fish and that human induced conditions, such as exotic introduced 
predators, pollution, and water diversion operations have negated the benefits of these habitats 
for rearing fish during their outmigration to the ocean.  Likewise, fish emigrating from the San 
Joaquin River basin are very unlikely to survive their passage through the Delta to enter the San 
Francisco Bay estuary at Chipps Islands (SJRGA 2001-2008) for many of the same reasons.  As 
described above, substantial reductions in the basin’s salmonid population have occurred as a 
direct result of these anthropogenic actions as well as those occurring upstream in the tributaries.  
Population impacts can be so severe that they may lead to the extirpation of a population as seen 
in the loss of the sizeable spring-run population that once inhabited the San Joaquin River Basin 
(Skinner 1958).  Currently, the San Joaquin River basin’s population of fall-run is decline, and 
the CV steelhead population is comprised of very limited number of fish. 
 
The current suite of projects under consultation for the CVP/SWP operations in the Delta 
includes continued water diversions at the CVP and SWP facilities in the South Delta, which will 
increase under the near term and future conditions over the already substantial level of 
diversions.  Increased water diversions during the periods of listed salmonid outmigrations will 
unquestionably lead to increased loss of listed salmonids from both the Sacramento River and 
San Joaquin River basins at the water diversion facilities, either through direct or indirect means.  
The magnitude of these increases remains uncertain.  For example, the estimates of loss and 
salvage at the fish collection facilities have inherent assumptions that can lead to errors in the 
final calculation of these values.  For instance, the assumption that fish are passed through the 
facility at a consistent level; thereby allowing subsamples to be taken at timed intervals to 
determine overall salvage and loss estimates is likely an inaccurate assumption.  Fish are more 
than likely to come through the facilities in an episodic pattern, with pulses of high numbers of 
fish followed by periods of low to no fish in the samples.  This would be particularly relevant for 
fish that are rare or low in numbers to begin with.  The assumption that a 10 minute or 20 minute 
count every 2 hours would always capture these events needs to be more thoroughly evaluated.  
Furthermore, the variations in louver efficiencies related to bypass flows and the impacts of 
operations such as louver cleaning need to be more adequately addressed in calculating the loss 
and salvage numbers.  Likewise, the uncertainty of the extent of the contribution of indirect or 
interrelated losses related to fish moving across the Delta towards the pumps under the influence 



of the water withdrawals (i.e., net negative flows) to the overall loss estimate continues to remain 
a significant area of concern.  As described earlier in the Delta effects analysis, many of the 
sources of loss associated with moving fish through the Delta, such as predator populations and 
the increased prevalence of non-native aquatic weeds such as Egeria densa, have their own 
interconnections with the operations of the CVP and SWP, and their continued presence is linked 
to maintaining an artificially stable Delta environment conducive to moving freshwater towards 
the pumps. 
 
Given the current fragility of the winter-run, spring-run, and CV steelhead populations, 
additional levels of take will create a disproportionate level of adverse effects upon these groups 
of fish18.  The low numbers of individuals in these populations and the current and future 
disability of their habitats to support spawning and rearing reduce the ability of the fish 
populations to recover from chronic take issues as current reproductive success likely cannot 
compensate for additional losses of individuals.  Historical data indicate that entrainment of fish 
at the CVP and SWP is likely to occur in a more episodic fashion, when pulses of fish move 
through the system under the influence of environmental factors that are not easily captured in 
averaged data.  The proposed Delta operations of the CVP and SWP under CVP/SWP operations 
not only maintain the current trajectory of loss seen today, but increase that trajectory through 
increased pumping rates and greater amounts of water diverted annually.  Therefore, it is 
unlikely that the listed fish populations will experience any form of recovery and/or reduced 
vulnerability to loss resulting from these operations as described. 
 
In addition to these core environmental conditions in the Delta, the future project actions will 
continue to expose fish to the salvage facilities as a consequence of the pumping operations 
resulting in continued losses into the future.  Furthermore, operation of the permanent gates will 
lead to losses associated with predation at the physical structures and the local and farfield 
hydraulic conditions created by the barriers.  Due to the geometry and hydraulic conditions in the 
South Delta, the interactions of the CVP and SWP with populations of salmonids in the San 
Joaquin River basin are exceptionally adverse.  Under current operating conditions, significant 
reductions in the abundance of CV steelhead and fall-run originating in the San Joaquin River 
basin, (as well as the Calaveras River and Mokelumne River basins) are likely to continue to 
occur.  This not only decreases the abundance of the San Joaquin River basin populations as they 
emigrate to the sea, but also reduces the genetic diversity and spatial distribution of the Central 
Valley salmonid populations by placing an inordinate amount of risk in this region of the ESU.  
This violates the “representation and redundancy rule” of having viable populations represented 
in each of the historic geographical regions in which the different populations originally 
occurred. 
  
6.7  Suisun Marsh Facilities 
 
DWR operates several facilities within Suisun Marsh that may affect listed anadromous 
salmonids and threatened green sturgeon.  The SMSCG are operated seasonally to improve water 
quality in Suisun Marsh.  At Roaring River and Morrow Island, DWR operates water distribution 
                                                 
18 The resilience of the Southern DPS of green sturgeon is unknown.  Currently, there are no accurate estimates of 
the standing population of green sturgeon (i.e., abundance) comprising the Southern DPS and therefore estimates of 
the different population parameters are unavailable. 
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systems that serve both public and privately managed wetlands in the marsh.  DWR also operates 
the Goodyear Slough Outfall to provide lower salinity water to wetland managers along 
Goodyear Slough. 
 
6.7.1  Suisun Marsh Salinity Control Gates 
 
Located in the southeastern corner of Suisun Marsh, the SMSCG span the 465-foot width of 
Montezuma Slough.  The facility consists of three radial gates, a boat lock structure, and a 
maintenance channel that is equipped with removable flashboards.  When the SMSCG are in 
operation, the flashboards are installed at the maintenance channel and the gates are operated 
tidally.  Fish migrating through Montezuma Slough must pass through this structure, which 
extends across the full width of Montezuma Slough.  DWR proposes to operate the SMSCG 
periodically for approximately 10 to 20 days per year between October and May; however, the 
facility may operate more frequently in critically dry years and less in wet years.  During the 
period between October and May, listed anadromous salmonids and green sturgeon migrating in 
Montezuma Slough will periodically encounter the SMSCG in operation and fish passage may 
be affected. 
 
Operation of the SMSCG from October through May coincides with the upstream migration of 
adult Central Valley anadromous salmonids and green sturgeon.  The late winter and spring 
downstream migration of Central Valley salmonids also overlaps with the operational period of 
the SMSCG.  As adult Central Valley anadromous salmonids travel between the ocean and their 
natal Central Valley streams, Montezuma Slough provides an alternative route to their primary 
migration corridor through Suisun Bay.  Fisheries sampling conducted by CDFG indicates many 
adult Central Valley salmon migrate upstream through Montezuma Slough (Edwards et al. 1996, 
Tillman et al. 1996), but the proportion of the total run utilizing this route is unknown.  Sub-adult 
green sturgeon can be found in Suisun Marsh year-round (Matern et al. 2002), and adult green 
sturgeon may also use Montezuma Slough as a migration route between the ocean and their natal 
spawning areas in the upper Sacramento River. 
 
To evaluate the potential effects of the SMSCG operations on adult salmonid passage, telemetry 
studies were initiated in 1993 on adult Chinook salmon.  In seven different years (1993, 1994, 
1998, 2001, 2002, 2003, and 2004), migrating adult fall-run were tagged and tracked by 
telemetry in the vicinity of the SMSCG.   These studies showed that the operation of the SMSCG 
delays passage of some adult Chinook salmon.  While other adult salmon never pass through the 
SMSCG and instead swim downstream for approximately 30 miles to Suisun Bay and then 
access their natal Central Valley streams via Honker Bay.  Based on the results of studies 
conducted during the early 1990s, the CDFG recommended modifications to the structure to 
improve passage (Edwards et al. 1996, Tillman et al. 1996). 
 
Telemetry studies conducted in 1998, 1999, 2001, 2002, 2003, and 2004, were designed to 
evaluate adult salmonid passage rates under various SMSCG configurations and operational 
conditions.  In 1998, modifications were made to the flashboards at the SMSCG maintenance 
channel to include two horizontal openings, but telemetry monitoring indicated that the modified 
flashboards did not improve salmon passage (Vincik et al. 2003).  Telemetry studies conducted 
in 2001, 2002, 2003, and 2004, evaluated the use of the existing boat lock as a fish passageway.  
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These results indicated that fish passage improved when the boat lock was opened.  Successful 
passage rates improved by 9, 16, and 20 percent in 2001, 2003, and 2004, respectively, when 
compared to full SMSCG operation with the boat lock closed.  In addition, opening of the boat 
lock reduced mean passage time by 19 hours, 3 hours, and 33 hours in 2001, 2003, and 2004, 
respectively.  The 2002 results did not confirm these findings, but equipment problems at the 
structure during the 2002 season likely confounded the 2002 fish passage studies (Vincik 2004). 
 
DWR proposes to operate the SMSCG as needed from October through May to meet salinity 
standards set by the State Water Resources Control Board and Suisun Marsh Preservation 
Agreement.  In 2006 and 2007, the gates were operated periodically for 10-20 days annually.  
DWR anticipates this level of operational frequency (10-20 days per year) can generally be 
expected to continue in the future except during the most critical hydrological conditions.  When 
the SMSCG are not operated, the gates remain in the open position and fish passage at the 
facility is not impeded. 
 
Full operation of the SMSCG includes the flashboards installed and the gates tidally operated.  
Based on the results of fish passage studies, DWR proposes to hold the boat lock portion of the 
structure in an open position at all times during SMSCG operation to allow opportunities for fish 
passage during all phases of the tidal cycle.  Under this operational plan, NMFS expects that 
between 55 and 70 percent of the adult salmonids arriving at the SMSCG during its 10-20 days 
of annual operation will successfully pass upstream at the structure.  This rate of passage is 
virtually identical to the passage rate when the SMSCG is not operational (DWR and CDFG 
2004).  CDFG telemetry studies indicate 30 to 45 percent of the adult salmonids do not pass the 
structure even when the gates are not operating.  Adult salmonids that do not continue upstream 
past the SMSCG are expected to return downstream by backtracking through Montezuma Slough 
to Suisun Bay, and they likely find the alternative upstream route to their natal Central Valley 
streams through Suisun and Honker Bays. 
 
Little is known about adult green sturgeon upstream passage at the SMSCG.  Acoustic tagging 
results from 2007 indicate adult green sturgeon migrate to the upper Sacramento River via 
Suisun and Honker Bays, not Montezuma Slough (Woodbury 2008); although the NMFS study’s 
sample size was small (six adult sturgeon) and limited to 1 year of results.  The results of the 
2007 acoustic tagging study also suggest that green sturgeon require 4 to 6 weeks to pass 
upstream from San Francisco Bay to the upper Sacramento River, and it was not uncommon for 
sturgeon to interrupt their migration and linger in the vicinity of Rio Vista for up to 2 weeks 
(NMFS unpublished data). 
 
When the gates of the SMSCG are operating, green sturgeon will have an opportunity to pass 
upstream through the boat locks as salmon do or through the open gates during ebb tide.  Based 
on the results of salmon telemetry studies, the operation of the SMSCG may also delay the 
upstream passage of an actively migrating adult green sturgeon by 3 to 4 days.  Fish are likely 
impeded by the flashboards of the SMSCG along the northern shoreline and the tidally-operated 
gates reduce the hydrodynamic effect of flood tides downstream of the structure.  Many species 
of fish are known to synchronize their movements through estuaries with the ebb and flow of the 
tides (Gibson 1992).  Kelly et al. (2007) report sub-adult sturgeon in San Francisco and San 
Pablo Bays typically move in the same direction as the prevailing current.  The results of the 
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2007 acoustic tagging study indicate adult green sturgeon in the upper Delta and lower 
Sacramento River typically move against the prevailing tidal current (NMFS, unpublished data).  
Thus, adult green sturgeon are likely capable of continuing their upstream migration by 
navigating through the SMSCG on an ebb tide or through the continuously open boat lock when 
the SMSCG are being operated. 
 
During the majority of the period between October and May, the SMSCG will not be operated 
and no fish passage delays due to the gates are anticipated.  However, during the annual 10-20 
days of periodic operation, individual adult salmonids and green sturgeon may be delayed in 
their spawning migration from a few hours to several days.  The effect of this delay is not well 
understood.  Winter-run are typically several weeks or months away from spawning and, thus, 
they may be less affected by a migration delay in the estuary.  Steelhead migrate upstream as 
their gonads are sexually maturing and a delay in migration may negatively impact their 
reproductive viability.  Spring-run are typically migrating through the estuary several months 
before spawning, but an extended delay in the estuary may affect their ability to access their 
natal spawning streams.  Spring-run generally utilize high stream flow conditions during the 
spring snowmelt to assist their upstream migration.  Rapid upstream movement may be needed 
to take advantage of a short duration high stream flow event, particular in dry years when high 
flow events may be uncommon.  If the destination of a pre-spawning adult salmon or steelhead is 
among the smaller tributaries of the Central Valley, it may be important for migration to be 
unimpeded, since access to a spawning area could diminish with receding flows.  Green sturgeon 
spawn in the deep turbulent sections of the upper reaches of the Sacramento River, and spring 
stream flows in the mainstem Sacramento River are generally not limiting their upstream 
migration.  It is also common for green sturgeon to linger for several days in the Delta prior to 
initiating their active direction migration to the upper Sacramento River (NMFS unpublished 
data).  However, delays at the SMSCG may affect the time of arrival at the RBDD and 
exacerbate the fish passage problems at RBDD, as discussed above. 
 
Downstream migrating juvenile salmonids and green sturgeon may also be affected by the 
operation of the SMSCG.  The operational season of the SMSCG overlaps with the outmigration 
period of Central Valley salmonid smolts.  As juvenile salmon and steelhead emigrate 
downstream, some fish will pass through Montezuma Slough as they travel towards the ocean.  If 
the SMSCG are in operation, the gates will open and close twice each day with the tides.  On the 
ebb tide, the gates are open and fish will pass downstream into Montezuma Slough without 
restriction.  On the flood tide, the gates are closed and freshwater flow and the passage of 
juvenile fish will be restricted.  Most juvenile listed salmonids in the western Delta entering San 
Francisco Bay are expected to be actively emigrating smolts.  Smolts are likely taking advantage 
of the ebb tide to pass downstream (Vogel 2004), and, thus, the operation of the SMSCG is not 
expected to significantly impede their downstream movement in the estuary.  Juvenile green 
sturgeon are thought to remain in the estuary for several years, feeding and growing before 
beginning their oceanic phase.  These juvenile green sturgeon typically display lengthy periods 
of localized, non-directional movement interspersed with occasional long distance movements 
(Kelly et al. 2007).  This behavior and movement by green sturgeon is not likely to be negatively 
affected by periodic delays of a few hours to several days at the SMSCG. 
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Salmonid smolt predation by striped bass and pikeminnow could be exacerbated by operation of 
the SMSCG.  These predatory fish are known to congregate in areas where prey species can be 
easily ambushed.  Pikeminnow are not typically major predators of juvenile salmonids (Brown 
and Moyle 1981), but both pikeminnow and striped bass are opportunistic predators that will 
take advantage of localized, unnatural circumstances.   The SMSCG provides an enhanced 
opportunity for predation because fish passage is blocked or restricted when the structure is 
operating.  However, DWR proposes to limit the operation of the SMSCG to only periods 
required for compliance with salinity control standards, and this operational frequency is 
expected to be 10-20 days per year.  Therefore, the SMSCG will not provide the stable 
environment which favors the establishment of a local predatory fish population and the facility 
is not expected to support conditions for an unusually large population of striped bass and 
pikeminnow.  In addition, most listed Central Valley salmonid smolts reach the Delta as 
yearlings or older fish.  Since the size and type of prey taken by pikeminnow varies with the size 
and age of the fish (Brown and Moyle 1981), the relatively large body size and strong swimming 
ability of listed salmon and steelhead smolts reduce the likelihood of being preyed upon.  
Juvenile green sturgeon in the estuary are also relatively large and unlikely prey for striped bass 
and pikeminnow. 
 
Montezuma Slough is designated critical habitat for endangered winter-run and proposed for 
designation as critical habitat for the Southern DPS of green sturgeon.  PCEs of designated 
critical habitat for salmon in the action area include water quality and quantity, foraging habitat, 
natural cover including large substrate and aquatic vegetation, and migratory corridors free of 
obstructions.  The specific PCEs of proposed critical habitat for the Southern DPS of green 
sturgeon in estuarine areas include:  food resources, water flow, water quality, migratory 
corridor, water depth, and sediment quality.  As discussed above, fish passage will be affected by 
the operation of the SMSCG.  The tidally-operated gates are also expected to influence water 
currents and tidal circulation periodically during the 10-20 days of annual operation.  However, 
these changes in water flow will be limited to the flood portion of the tidal cycle and will 
generally be limited to a few days during each periodic operational episode.  Overall, the short-
term changes to tidal flow patterns in Montezuma Slough due to operation of the SMSCG are not 
expected to significantly change habitat availability or suitability for rearing of listed 
anadromous salmonids and green sturgeon. 
   
6.7.2  Roaring River Distribution System 
 
The water intake for the Roaring River Distribution System (RRDS) on Montezuma Slough is 
located immediately downstream of the SMSCG.  The eight 60-inch diameter culverts of the 
Roaring River intake are equipped with fish screens and operated to maintain a screen approach 
velocity of 0.2 feet per second.  During high tide, water is diverted through the RRDS intakes to 
raise the water surface elevation within the RRDS.  The low screen velocity at the intake culverts 
combined with a small screen mesh size are expected to successfully prevent listed salmonids 
and green sturgeon from being entrained into the RRDS. 
 
As discussed above, Montezuma Slough is designated critical habitat for endangered winter-run 
and proposed for designation as critical habitat for green sturgeon.  The operation of the RRDS 
may affect some PCEs of designated and proposed critical habitat.  Fish passage and the 
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migration corridor will not be affected, because the RRDS intakes are properly screened.  
However, water withdrawals at RRDS could influence flow, water quality, and food resources.  
The water surface elevation and water circulation at this location on Montezuma Slough is 
dominated by tides.  The diversion is also tidally-operated by filling the intake pond at the RRDS 
during high tide.  Since high tide conditions raise the water surface elevation throughout 
Montezuma Slough, water withdrawals at the RRDS intake do not reduce the quantity of 
available habitat and are not expected to negatively affect the condition of estuarine habitat for 
listed salmonids or green sturgeon in Montezuma Slough 
 
6.7.3  Morrow Island Distribution System 
 
The Morrow Island Distribution System (MIDS) diverts water from Goodyear Slough through 
three 48-inch diameter culverts during high tide.  Although the MIDS intakes do not currently 
have fish screens, it is unlikely a listed salmonid or green sturgeon will be entrained into the 
water distribution system.  Fisheries monitoring performed in 2004-05 and 2005-06 identified 
entrainment of 20 fish species.  However, no listed salmonids or green sturgeon were observed in 
the MIDS entrainment studies.  Two non-listed fall-run fry (39-44 mm) were captured, but this 
was likely due to their small size and poor swimming ability.  Fall-run fry commonly arrive in 
the Delta and estuary at a very small size and they outmigrate as smolts at a very early age 
compared to Central Valley listed anadromous salmonids.  The large size and better swimming 
ability of juvenile listed salmonids in the Delta allow these fish to avoid entrainment at MIDS.  
In addition, the location of the MIDS intake on Goodyear Slough further reduces the risk of 
entrainment.  Goodyear Slough is not a migratory corridor for listed salmonids or green sturgeon. 
 
Goodyear Slough is not designated critical habitat for anadromous salmonids, but is proposed for 
designation as critical habitat for green sturgeon.   The slough is subject to tidal influence and the 
MIDS intake is also tidally-operated.  High tide conditions raise the water surface elevation 
throughout the area and, thus, the withdrawal of water at MIDS during high tide does not reduce 
the volume of aquatic habitat in the marsh.  Low water intake velocities minimize the loss of 
aquatic organisms to entrainment.  Overall, the quality of habitat, foraging of prey organisms by 
juvenile sturgeon, and the other specific PCEs for proposed green sturgeon critical habitat are not 
likely to be negatively affected by the operation of MIDS. 
   
6.7.4  Goodyear Slough Outfall 
 
DWR operates the Goodyear Slough Outfall to improve water circulation in the marsh.  This 
structure consists of four 48-inch diameter culverts with flap gates designed to drain water from 
the southern end of Goodyear Slough into Suisun Bay.  On flood tides, the gates reduce the 
amount of tidal inflow into Goodyear Slough.  Due to its location and design, listed salmonids 
and green sturgeon are not likely to encounter this structure or be negatively affected by its 
operation.  Improved water circulation by the operation of the Goodyear Slough Outfall likely 
benefits juvenile salmonids and sturgeon in Suisun Marsh by improving water quality and 
increasing foraging opportunities.  PCEs of proposed critical habitat for green sturgeon are not 
likely to be negatively affected by the operation of the Goodyear Slough Outfall. 
 
6.8  Effects of the Action on Southern Resident Killer Whales 
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The proposed action has the potential to affect Southern Residents indirectly by reducing 
availability of their preferred prey, Chinook salmon.  Central Valley Chinook salmon stocks are 
available to Southern Residents across their coastal range (based on coded wire tag recoveries, 
Weitkamp 2007); and available in greater magnitude south of Cape Falcon (O’Farrell et al. 
2008).  Any proposed action-related effects that decrease the availability of salmon, and Chinook 
salmon in particular, could adversely affect Southern Residents in their coastal range.   
 
Section 3 of this Opinion defines the proposed action as the continued operation of the CVP and 
SWP, effective through December 31, 2030.  In addition to current day operations, several other 
actions are included in this consultation.  These actions are: (1) an intertie between the CA and 
the DMC; (2) FRWP; (3) the operation of permanent gates, which will replace the temporary 
barriers in the South Delta; (4) changes in the operation of the RBDD; and (5) Alternative Intake 
Project for the Contra Costa Water District.  Additionally, the operation of Nimbus Fish 
Hatchery and production from Trinity River Fish Hatchery are interrelated and interdependent to 
the proposed action (section 1.5.2).  Any changes to these hatchery programs that may be 
required, either as a result of HGMP development and implementation or other long-term 
planning processes will be subject to separate section 7 consultation.  The time lines to 
implement hatchery reform at Nimbus and Trinity are currently unknown.  Therefore, the effects 
of current hatchery practices at Nimbus and Trinity are considered for the term of this Opinion. 
 
Most of the direct effects of the proposed action occur within freshwater and estuarine systems 
of the Sacramento and San Joaquin rivers, the Sacramento-San Joaquin Delta, and San Francisco 
Bay (Section 3.2, Action Area); effects experienced by Southern Residents in their coastal range 
are indirect.  That is, the proposed action affects the abundance of prey for Southern Residents in 
the ocean.  Changes in prey abundance would affect the entire DPS of Southern Resident killer 
whales.  The best available information indicates that salmon are the preferred prey of Southern 
Residents year round (Krahn et al. 2002, 2007), including in coastal waters, and that Southern 
Residents require regular supplies of adult Chinook salmon prey coast-wide, likely including 
stocks from the Sacramento and San Joaquin rivers of California’s Central Valley (Status of the 
Species section).   
 
In this analysis, NMFS considers effects of the proposed action on the Southern Residents by 
evaluating prey reduction caused by the action.  Where appropriate, NMFS also considers prey 
production contributed by hatchery mitigation programs that are interrelated and interdependent 
to the action. 
 
6.8.1 Effects on the Southern Residents’ Prey Base 
 
Our analysis of effects on Southern Residents follows from the salmon analysis on listed 
Chinook salmon in this Opinion, as well as additional information on non-listed Chinook 
salmon.  We evaluate effects on the Southern Residents considering:  (1) NMFS’ effects analysis 
for listed winter-run and spring-run, and (2) effects on non-listed Chinook salmon, also part of 
Southern Residents’ prey base.   
 
6.8.1.1  Prey Reduction of ESA-listed Chinook Salmon ESUs 
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The effects analysis of this Opinion for winter-run and spring-run finds that the proposed action 
is likely to appreciably reduce the likelihood of their survival and recovery.  In other words, thr 
proposed action appreciably increases the risk of extinction of these listed entities of salmon.  
Additionally, NMFS has concluded that the proposed action is likely to reduce the conesrvaton 
value of designated critical habitats of winter-run and spring-run.   
 
NMFS evaluated effects on the Southern Residents qualitatively.  We assessed the likelihood for 
localized depletions, and long-term implications for Southern Residents’ survival and recovery, 
resulting from extirpations of winter-run and spring-run ESUs.  In this way, NMFS can 
determine whether the increased likelihood of extinction of prey species is also likely to  
appreciably reduce the likelihood of survival and recovery of Southern Residents. 
 
A reduction in prey would occur over time as winter-run and spring-run abundance declines.  
Hatchery programs, which account for a portion of the winter- run and spring-run ESUs, may 
provide a short-term buffer, but it is uncertain whether hatchery-only stocks could be sustained 
indefinitely.  Although not currently large in numbers (20-year average adult escapements from 
1986-2007 were 4,066 and 12,889, respectively; CDFG 2008), the loss of these ESUs would also 
preclude the potential for their future recovery to healthy, more substantial numbers.   
 
Differences in adult salmon life histories and locations of their natal streams likely affect the 
distribution of salmon across the Southern Residents’ coastal range.  The continued decline and 
potential extinction of winter-run and spring-run populations, and  consequent interruption in the 
geographic continuity of salmon-bearing watersheds in the Southern Residents’ coastal range, is 
likely to alter the distribution of migrating salmon and increase the likelihood of localized 
depletions in prey, with adverse effects on the Southern Residents’ ability to meet their energy 
needs.  A fundamental change in the prey base originating from California’s Central Valley is 
likely to result in Southern Residents abandoning areas in search of more abundant prey or 
expending substantial effort to find depleted prey resources.   
 
6.8.1.2  Other Effects on Southern Residents’ Prey Base 
 
In addition to effects on winter-run and spring-run, the proposed action will affect non-listed fall-
run and late fall-run in California’s Central Valley, and non-listed spring-run and fall-run in the 
Trinity River watershed.  We quantify the effects of hatchery production and project operations 
on non-listed Chinook salmon prey available to Southern Residents.  The analysis considers 
effects of the proposed action and interrelated and interdependent actions over the effective term 
of this Opinion (through December 31, 2030). 
 
6.8.1.2.1  Effects of Artificial Production 
 
Effects from artificial propagation of non-listed fall-run from the Central Valley (Nimbus Fish 
Hatchery) and for non-listed spring- and fall-run from the Trinity River watershed (Trinity River 
Fish Hatchery) are included in the analysis because Nimbus Fish Hatchery production, and 
Chinook salmon production from Trinity River Fish Hatchery, are interrelated and 
interdependent to the proposed action.  These hatcheries produce Chinook salmon that is 
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available to Southern Residents as prey.  This analysis uses the current levels of funding and 
production, which are proposed to continue over the term of the proposed action (as discussed 
above, any changes to current funding and production as a result of a HGMP or other long-term 
planning processes are beyond the scope of this action, and will be subject to separate section 7 
consultation). 
 
Nimbus Hatchery is one of the five hatchery programs that produce Central Valley fall-run.  In 
total, approximately 90 percent of fall-run returning to the Central Valley are hatchery-origin 
fish, and the remaining 10 percent are natural-origin (± 6 percent; based on Barnett-Johnson et 
al. 2007).  Only a portion of hatchery-origin fall-run available to Southern Residents are 
produced by interrelated or interdependent actions, those of Nimbus Fish Hatchery in the Central 
Valley and the Trinity River Fish Hatchery.  The Nimbus Fish Hatchery program produces an 
average of 13.3 percent of the Central Valley fall-run available to Southern Residents in the near-
term (current and 5- to 10-year horizon) and projected for the long-term (30-year horizon, range: 
12.9 to 15.1 percent; table 6-39).   
 
The Trinity River Fish Hatchery is the sole producer of hatchery-origin spring- and fall-run that 
return to the Trinity River watershed.  The Trinity River Fish Hatchery program produces 57 
percent of the Trinity spring- and fall-run available to Southern Residents (based on the average 
hatchery proportion of Chinook salmon escapements to the watershed from 1991-2006; 
Appendix 3).  Currently, the Trinity River Fish Hatchery’s mitigation goal is to produce 45 
percent of escapement (Hannon 2009a). 
 
Table 6-39.  Percent of Central Valley fall- and late fall-fun annually available to killer whales that are 
produced by the Nimbus Fish Hatchery program over the duration of the proposed action (Appendix 3). 

Time Horizon Average (percent) Rangea (percent) 

Currentb 13.3 12.9 to 14.8 

5- to 10-year projectionc 13.3 12.9 to 15.1 

30-year projectiond 13.3 12.9 to 15.0 
a Range incorporates variability in adult escapement over the past 20 years. 
b Study 7.0 
c Study 7.1 
d Study 8.0 

 
The potential harmful effects of artificial propagation on the long-term fitness of salmon 
populations are discussed previously in this Opinion (section 4.2.4.8, Hatchery Operations and 
Practices).   Specifically, hatcheries can adversely affect population viability by reducing 
abundance, productivity, spatial distribution and/or diversity of natural-origin fish (McElhany et 
al. 2000).  The immediate cause of the recent fall-run decline is most likely a result of ocean 
conditions (Lindley et al. 2009).  However, freshwater impacts, including hatchery programs, 
most likely contributed to the collapse (Lindley et al. 2009).  Continued hatchery funding is not 
likely to change over the term of this Opinion, and time lines for implementing hatchery reform 
at Nimbus and Trinity River fish hatcheries are currently uncertain.  We evaluate potential long-
term effects of current practices at Nimbus and Trinity River fish hatcheries by considering 
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practices that may be detrimental to natural fish and any best management practices in place to 
avoid harmful effects on natural fish (CDFG and NMFS 2001).   
 
Both hatchery programs include current practices that negatively affect natural fish and could 
diminish the productivity, distribution, and diversity of non-listed stocks over the long-term.  
Such effects could make these stocks less resilient to the effects of disease, climate change, and 
stochastic events.  These hatchery programs also include some practices that are designed to 
maintain stock integrity. 
 
At Nimbus Fish Hatchery, fall-run smolts are trucked to San Pablo Bay for release in the western 
Delta.  Trucking smolts before release increases the straying of Nimbus Fish Hatchery fall-run 
escapement to rivers throughout the Central Valley, and causes demographic and genetic risks to 
natural fall-run populations.  Additionally, Nimbus Fish Hatchery transfers Chinook salmon eggs 
to other hatcheries in the Central Valley, which reinforces homogenization of fall-run.  At Trinity 
River Fish Hatchery, current practices for brood stock collection are based on observed 
phenotypic differences between spring and fall races, which is potentially unreliable and may 
contribute to genetic introgression between spring and fall hatchery runs. Nimbus and Trinity 
River fish hatcheries also employ practices that protect the natural fish and genetic diversity, 
including broodstock collection across run-timing for full representation of runs in hatchery 
programs, and marking hatchery smolts at a constant 25 percent rate of all releases (since spring 
of 2007 at Nimbus Fish Hatchery and for at least 10 years at Trinity River Fish Hatchery).  These 
marking practices are parallel to methods under development to standardize data collection and 
increase monitoring programs in the Central Valley (CDFG and NMFS 2001). 
 
6.8.1.2.2  Effects of Project Operations 
 
6.8.1.2.2.1  Central Valley   
 
Project operations in the Central Valley reduce reproductive success of adult and increase 
mortality of early life-stage (egg through smolt) fall- and late fall-run (Appendix 3).  If 
considered alone, project operations would reduce the abundance of adult Chinook salmon in the 
ocean and reduce prey available to Southern Residents.  To determine whether the Chinook 
salmon prey base for Southern Residents is reduced by the proposed action, we compare the 
decrease in the prey base for Southern Residents resulting from project-caused mortality on 
Central Valley fall- and late fall-run to the increase in the prey base resulting from the Nimbus 
Fish Hatchery program production of fall- and late fall-run.  As described above, the Nimbus 
Fish Hatchery program produces an average of 13.3 percent of the Central Valley fall- and late 
fall-run available to Southern Residents.  In the short-term, the proposed action would have to 
cause a greater percent reduction in the Central Valley fall- and late fall-run than this production 
from hatcheries to result in an overall reduction in prey for Southern Residents.  Although we 
consider these net effects of project operations and hatchery production in the short-term, we 
also separately considered the long-term effects of hatchery production on prey available to 
Southern Residents above (section 6.8.1.2.1), and identified that hatchery practices could 
diminish the productivity, distribution and diversity of non-listed stocks over the long term.   
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NMFS quantified freshwater mortality sources for Central Valley fall- and late fall-run to 
evaluate an overall change in freshwater mortality attributed to project operations.  Overall 
mortality from early life-stages was used to estimate the effective reduction in ocean abundance 
of fall and late fall-run and quantify effects on Southern Residents’ prey base (methods described 
in Appendix 3).  Mortality sources quantified include high water temperature and low flow 
upstream, and direct entrainment in the Delta.  Although not quantified, project operations also 
cause mortality from fish stranding, redd dewatering and predation (Appendix 3).   
 
Project operations in the Central Valley reduce the total hatchery and natural fall- and late fall-
run available to Southern Residents by between 1.9 and 2.3 percent annually (average) over the 
project duration (range: 1.1 to -13.5 percent; table 6-40).  Hatchery production interrelated and 
interdependent to the proposed action more than offsets the overall losses of Central Valley fall- 
and late fall-run (compare tables 6-39 and 6-40).  Although fall- and late fall-run mortality does 
not result in a net reduction in the Southern Residents’ prey base, project operations 
disproportionately affect natural-origin fish with potential long-term effects on fall- and late fall-
run stocks, discussed further below.   
 
Table 6-40.  Percent annual reduction in hatchery and natural Central Valley fall- and late fall-run available 
to Southern Residents from project-caused mortality over the duration of the proposed action (Appendix 3). 

Time Horizon Average (percent) Rangea (percent) 

Currentb -1.9 1.1 to -11.8  

5- to 10-year projectionc -2.3 1.1 to -13.9 

30-year projectiond -2.3 1.1 to -13.5 
a Range incorporates variability in adult escapement over the past 20 years. 
b Study 7.0 
c Study 7.1 
d Study 8.0 

 
The project operations disproportionately affect nautral-origin fish because all of the natural-
origin fish are exposed to in-river mortality sources, while the majority of the hatchery smolts, 
post-smolts and yearlings (20,660,000 out of a total Central Valley Chinook salmon hatchery 
release of 34,660,000) are released in San Francisco Bay and are not exposed to in-river 
mortality sources.  As discussed above, natural-origin returns contribute approximately 10 
percent of the available Central Valley fall- and late fall-run, and the remainder is hatchery-
origin fish.  Natural-origin salmon are important to the long-term maintenance of population 
distribution and diversity, both important factors for retaining population viability (McElhany et 
al. 2000) and buffering environmental variation (Lindley et al. 2009).  Therefore, we also 
quantified the prey reduction specific to natural-origin fall and late fall-run.   
 
Project operations in the Central Valley reduce natural-origin fall- and late fall-run by between 
9.8 and 10.7 percent annually (average) over the project duration (range: -0.7 to -41.9 percent, 
table 6-41).  Currently, and in the future, there is a potential for an annual reduction of as much 
as 40 percent from project operations, depending in part on environmental variability.  Up to 40 
percent annual reductions in the natural-origin component of Central Valley fall- and late fall-run 
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could further diminish the 10 percent contribution of natural adults, and potentially compromise 
the retention of diversity in the Central Valley fall- and late fall- run stocks over the long term. 
 
Table 6-41.  Percent annual reduction in natural Central Valley fall- and late fall-run Chinook salmon 
available to Southern Residents from project-caused mortality over the duration of the proposed action 
(Appendix 3). 

Time Horizon Average (percent) Rangea (percent) 

Currentb -9.8 -0.9 to -39.0 

5- to 10-year projectionc -10.7 -0.7 to -41.9 

30-year projectiond -10.7 -0.7 to -40.6 
a Range incorporates variability in adult escapement over the past 20 years. 
b Study 7.0 
c Study 7.1 
d Study 8.0 

 
6.8.1.2.2.2  Trinity River Watershed 
 
Project operations in the Trinity River affect Chinook salmon populations in the Klamath/Trinity 
River watershed.  The implementation of the Trinity River Restoration Program has provided 
increased flows from the Trinity River and stream habitat improvements.  These actions should 
positively affect Chinook salmon production in the Klamath/Trinity River watershed (CVP/SWP 
operations BA, DOI 2000).  Therefore, project operations in the Trinity River will have no 
adverse effects on ocean abundance of Chinook salmon and Southern Residents’ prey base.  As 
stated above, production from the Trinity River Fish Hatchery program is interrelated and 
interdependent to the proposed action.  The Trinity River Fish Hatchery produces between 45 
and 57 percent of the Trinity River spring- and fall-run available to Southern Residents (based on 
hatchery returns in the recent past and current mitigation goals).  In the short-term, these 
components of the interrelated and interdependent action increase prey available to Southern 
Residents from the Trinity River watershed.  Long-term concerns about the effects of hatchery 
practices on availability of Southern Resident prey resources were addressed above.  
 
6.8.1.2.3  Effects of Climate Change 
 
We also considered the sensitivity of project operations and system conditions with future 
climate change over the term of the Opinion, using a worst case scenario represented by drier, 
warmer conditions (Appendix 3).  The scenario was based on changes in system hydrology and 
upstream survival of early life-stage Chinook salmon under drier, warmer climate conditions.  
We cannot directly compare the climate change scenario to previous analysis of project 
operations projected for the term of the Opinion, because the climate scenario evaluated includes 
different assumptions about system hydrology that complicates our ability to separate out project 
vs. non-project related effects.  The climate scenario does indicate that drier, warmer conditions 
would cause greater reductions in natural Central Valley fall- and late-fall run (compare table 6-
41 with table 6-42), even though overall returns and hatchery returns are affected similarly with 
or without the change in climate regime (compare tables 6-39 and 6-40 with table 6-42).   
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Table 6-42.  Percent annual change in Central Valley fall- and late fall-run Chinook available to Southern 
Residents under a drier, warmer climate scenario (based on Study 9.5, Appendix 3). 

Change in Adult Returns Average (percent) Rangea (percent) 

Overall returns -3.0 0.6 to -14.9 

Hatchery-origin returns 13.4 13.0 to 15.3 

Natural-origin returns -16.7 -4.4 to -51.7 
a Range incorporates variability in adult escapement over the past 20 years. 

 
7.0  Interrelated or Interdependent Actions 
 
Regulations that implement section 7(b)(2) of the ESA require biological opinions to evaluate 
the direct and indirect effects of Federal actions and actions that are interrelated with or 
interdependent to the Federal action to determine if it would be reasonable to expect them to 
appreciably reduce listed species' likelihood of surviving and recovering in the wild by reducing 
their reproduction, numbers, or distribution (16 U.S.C. 1536; 50 CFR 402.02). 
 
7.1  Nimbus Fish Hatchery 
 
Nimbus Fish Hatchery is interrelated to the operations of the CVP and SWP, as it was designed 
to mitigate for the loss of fish habitat above Folsom Dam.  The effects of steelhead produced at 
Nimbus Fish Hatchery is a major stressor to the survival and recovery of CV steelhead in the 
lower American River.  Therefore, the effects of Nimbus Fish Hatchery steelhead on American 
River steelhead are addressed in section 6.4.3.4. 
 
 
8.0  CUMULATIVE EFFECTS 
 
Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area considered in this Opinion (50 CFR 402.02).  
Future Federal actions that are unrelated to the proposed action are not considered in this section 
because they require separate consultation pursuant to section 7 of the ESA.   
 
8.1  Water Diversions 
 
Water diversions for irrigated agriculture, municipal and industrial use, and managed wetlands 
are found throughout the Central Valley.  Thousands of small and medium-size water diversions 
exist along the Sacramento River, San Joaquin River, their tributaries, and the Delta, and many 
of them remain unscreened.  Depending on the size, location, and season of operation, these 
unscreened diversions entrain and kill many life stages of aquatic species, including juvenile 
listed anadromous species.  For example, as of 1997, 98.5 percent of the 3,356 diversions 
included in a Central Valley database were either unscreened or screened insufficiently to 
prevent fish entrainment (Herren and Kawasaki 2001).  Most of the 370 water diversions 
operating in Suisun Marsh are unscreened (Herren and Kawasaki 2001). 
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8.2  Agricultural Practices 
 
Agricultural practices may negatively affect riparian and wetland habitats through upland 
modifications that lead to increased siltation or reductions in water flow in stream channels 
flowing into the action area, including the Sacramento River and Delta.  Grazing activities from 
dairy and cattle operations can degrade or reduce suitable critical habitat for listed salmonids by 
increasing erosion and sedimentation, as well as introducing nitrogen, ammonia, and other 
nutrients into the watershed, which then flow into receiving waters.  Stormwater and irrigation 
discharges related to both agricultural and urban activities contain numerous pesticides and 
herbicides that may negatively affect salmonid reproductive success and survival rates 
(Dubrovsky et al. 1998, 2000; Daughton 2003). 
 
8.3  Increased Urbanization 
 
The Delta, East Bay, and Sacramento regions, which include portions of Contra Costa, Alameda, 
Sacramento, San Joaquin, Solano, Stanislaus, and Yolo counties, are expected to increase in 
population by nearly 3 million people by the year 2020 (California Commercial, Industrial, and 
Residential Real Estate Services Directory 2002).  Increases in urbanization and housing 
developments can impact habitat by altering watershed characteristics, and changing both water 
use and stormwater runoff patterns.  For example, the General Plans for the cities of Stockton, 
Brentwood, Lathrop, Tracy and Manteca and their surrounding communities anticipate rapid 
growth for several decades to come.  City of Manteca (2007) anticipates 21 percent annual 
growth through 2010 reaching a population of approximately 70,000 people.  City of Lathrop 
(2007) expects to double its population by 2012, from 14,600 to approximately 30,000 residents.  
The anticipated growth will occur along both the I-5 and US-99 transit corridors in the east and 
Highway 205/120 in the south and west.  Increased growth will place additional burdens on 
resource allocations, including natural gas, electricity, and water, as well as on infrastructure 
such as wastewater sanitation plants, roads and highways, and public utilities.  Some of these 
actions, particularly those which are situated away from waterbodies, will not require Federal 
permits, and thus will not undergo review through the section 7 consultation process with NMFS. 
 
Increased urbanization also is expected to result in increased recreational activities in the region.  
Among the activities expected to increase in volume and frequency is recreational boating.  
Boating activities typically result in increased wave action and propeller wash in waterways.  
This potentially will degrade riparian and wetland habitat by eroding channel banks and mid-
channel islands, thereby causing an increase in siltation and turbidity.  Wakes and propeller wash 
also churn up benthic sediments thereby potentially resuspending contaminated sediments and 
degrading areas of submerged vegetation.  This, in turn, would reduce habitat quality for the 
invertebrate forage base required for the survival of juvenile salmonids and green sturgeon 
moving through the system.  Increased recreational boat operation in the Delta is anticipated to 
result in more contamination from the operation of gasoline and diesel powered engines on 
watercraft entering the water bodies of the Delta. 
 
8.4  Activities within the Nearshore Pacific Ocean 
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Future tribal, state and local government actions will likely be in the form of legislation, 
administrative rules, or policy initiatives and fishing permits.  Activities are primarily those 
conducted under state, tribal or Federal government management.  These actions may include 
changes in ocean policy and increases and decreases in the types of activities that currently 
occur, including changes in the types of fishing activities, resource extraction, or designation of 
marine protected areas, any of which could impact listed species or their habitat.  Government 
actions are subject to political, legislative and fiscal uncertainties.  These realities, added to the 
geographic scope, which encompasses several government entities exercising various authorities, 
and the changing economies of the region, make analysis of cumulative effects speculative.   
 
A Final Recovery Plan for Southern Resident killer whales was published in 2008 (NMFS 
2008a).  Although state, tribal and local governments have developed plans and initiatives to 
benefit marine fish species, ESA-listed salmonids, green sturgeon, and Southern Residents, they 
must be applied and sustained in a comprehensive way before NMFS can consider them 
“reasonably certain to occur” in its analysis of cumulative effects. 
 
Private activities are primarily associated with commercial and sport fisheries, 
construction, and marine pollution.  These potential factors are ongoing and expected to 
continue in the future, and the level of their impact is uncertain.  For these reasons, it is 
not possible to predict beyond what is included in the subsections pertaining to cumulative 
effects, above whether future non-Federal actions will lead to an increase or decrease in prey 
available to Southern Resident, or have other effects on their survival and recovery. 
 
 
9.0   INTEGRATION AND SYNTHESIS OF THE EFFECTS 
 
The Integration and Synthesis section is the final step of NMFS’ assessment of the risk posed to 
species and critical habitat as a result of implementation of the proposed action through year 
2030.  In this section, we integrate effects within a year and across the 21 years of operations, 
and then add these effects to the baseline (section 5.0) and cumulative effects (section 8.0) to 
assess whether it is reasonable to expect that the proposed action is not likely to:  (1) result in 
appreciable reductions in the likelihood of both survival and recovery of the species in the wild 
by reducing its numbers, reproduction, or distribution, or (2) reduce the value of designated or 
proposed critical habitat for the conservation of the species.  These assessments are made in full 
consideration of the status of the species and critical habitat (section 4.0).  The Analytical 
Approach (section 2) described the analyses and tools we have used to complete our 
assessments. 
 
This section is organized by species such that we integrate and synthesize the effects to the 
species survival and recovery first, and the effects to that species’ critical habitat second.  For 
species with multiple populations, such as spring-run and steelhead, populations are organized by 
diversity groups.  The information for the survival and recovery analysis is presented in the 
following stepwise order:  (1) Status of the Species; (2) Future Environmental Baseline to which 
we will add the effects of the action; (3) Summary of Effects to Individuals; (4) Risk to the 
Population; and (5) Risk to the ESU.  This same general order was used to present the critical 
habitat analysis, with the exceptions that steps (1) and (2) are combined into one step titled, the 
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Status of Critical Habitat; and steps (3) and (4) are accomplished in one step titled, Project 
Effects on Critical Habitat.  The last step was used to assess the risk to critical habitat as 
designated or proposed. 
 
Anderson et al. (2009) stated the following: 

• NMFS addressed a long list of stressors, but it is not evident which ones NMFS has 
determined are most important; 

• The jeopardy decision tables need to be filled out with key lines of evidence; 
• There needs to be a connection between the most important stressors, the determination 

of jeopardy, and the RPA actions that address those key stressors; and 
• Risk needs to be consistently conveyed through examining the range of information 

regarding a particular stressor or response, and whether the effect is high, medim, or low. 
 
For each CVP-controlled stream, NMFS compiled a table that summarized the stressors and their 
responses for each population of fish, by species, while following their life cycle in the 
freshwater environment.  For each response, NMFS assigned a relative magnitude of effect 
(high, medium, or low), which was a qualitative assessment of the likelihood of a fitness 
consequence occurring.  The categories to assign magnitude of risk of stressors that were 
analyzed were defined as follows: 

• High – lethal effect due to stressor that had a broad effect on population at significant 
frequency 

• Medium – between high and low 
• Low – generally, sublethal effect, or lethal effect on a very small percentage of one 

population at a very infrequent interval 
 
NMFS then determined the weight of evidence (high, medium, or low) that it had for the effect.   
The weight of evidence was based on the best available scientific information, and categorized as 
follows: 

• High certainty – multiple scientific and technical publications, especially if conducted on 
the species within the area of effect, quantitative data, and/or modeled results; generally 
from the BA. 

• Medium certainty – between high and low 
• Low – one study, or unpublished data, or scientific hypotheses that had been articulated 

but not tested. 
 
High magnitude of effect coupled with high weight of evidence for that effect indicated a greater 
likelihood of a fitness consequence, whereas a high magnitude of effect with a low weight of 
evidence provided little certainty of a fitness consequence.  The fitness consequences, by life 
history stage, were considered in context of the status of the species and future environmental 
baseline, in order to evaluate the effect of the action at the population scale.  The summary tables 
were used to evaluate the effects of the action in the context of the viability parameters of 
abundance, growth rate, spatial structure, and diversity. 
 
9.1  Sacramento River Winter-Run Chinook Salmon 
 
9.1.1  Status of Sacramento River Winter-Run Chinook Salmon 
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Historically, independent winter-run populations existed in Battle Creek, and in the Pit, 
McCloud, and Little Sacramento rivers in the Upper Sacramento River.  One-hundred percent of 
historic winter-run spawning habitat in the upper Sacramento River has been blocked by Shasta 
and Keswick Dams, resulting in one remaining population, limited to the mainstem Sacramento 
River.  Winter-run no longer inhabit Battle Creek as a self-sustaining population, probably 
because hydropower operations make conditions for eggs and fry unsuitable (NMFS 1997). 
 
Historical winter-run population estimates, which included males and females, were as high as 
near 100,000 fish in the 1960s, but declined to under 200 fish in the 1990s (Good et al. 2005).  In 
recent years, the carcass survey population estimates of winter-run included a high of 17,205 
(table 4-2) in 2006, followed by a precipitous decline to about 2,500 cfs in 2007 and about 2,800 
fish in 2008.   
 
We used the cohort replacement rate, and also a 5-year running average of the cohort 
replacement rate, as a representation of population growth rate.  When the cohort replacement 
rate is 1.0, the population is stable and replacing itself.  Table 4-2 provides cohort replacement 
rates since 1986.  As shown, the cohort replacement rates from 1995 through 2006 were stable or 
increasing, indicating a positive growth rate trend.  However, in the last 2 spawning seasons, the 
cohort replacement rate was less than one, which means a short-term decline in population 
growth rate.   
 
In the most recent status assessment of winter-run, Lindley et al. (2007) determined that the 
winter-run population is at a moderate extinction risk according to PVA, and at a low risk 
according to other criteria (i.e., population size, population decline, the risk of wide ranging 
catastrophe, hatchery influence).  However, hatchery-origin winter-run from LSNFH have made 
up more than 5 percent of the natural spawning run in recent years and in 2005, their contribution 
exceeded 18 percent of the in-river escapement.  Lindley et al. (2007) recommended that if 
hatchery-origin fish continued to contribute more than 15 percent of the returning spawners, then 
the population would be reclassified from low to moderate extinction risk.  In addition, data used 
for Lindley et al. (2007) did not include the significant decline in escapement numbers in 2007 
and 2008, which are reflected in the population size and population decline, nor the current 
drought conditions. 
 
Lindley et al. (2007) also states that the winter-run ESU fails the “representation and redundancy 
rule” because it has only one population, and that population spawns outside of the ecoregion in 
which it evolved.  An ESU represented by only one spawning population at moderate risk of 
extinction is at a high risk of extinction (Lindley et al. 2007).  A single catastrophe could 
extirpate the entire Sacramento River winter-run Chinook salmon ESU, if its effects persisted for 
four or more years.  The entire stretch of the Sacramento River used by winter-run is within the 
zone of influence of Mt. Lassen, an active volcano, which last erupted in 1915.  Some other 
possible catastrophes include a prolonged drought that depletes the cold water storage of Shasta 
Reservoir or some related failure to manage cold water storage, a spill of toxic materials with 
effects that persist for four years, or a disease outbreak (Lindley et al. 2007). 
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NMFS concludes that the winter-run ESU remains at a high risk of extinction.  Key factors upon 
which this conclusion is based include: (1) the ESU is composed of only one population, which 
has been blocked from all of its historic spawning habitat; (2) the ESU has a risk associated with 
catastrophes, especially considering the remaining population’s proximity to Mt. Lassen and its 
dependency on the coldwater management of Shasta Reservoir; and (3) the population has a 
“high” hatchery influence (Lindley et al. 2007).   
 
9.1.2  Future Baseline of Winter-Run Chinook Salmon Excluding CVP/SWP Effects 
 
This section describes the environmental baseline upon which we will add the effects of the 
proposed action in order to help assess the response and risk to the species.  The general baseline 
stress regime for Chinook salmon in the freshwater, estuarine, and marine environment is 
depicted in figure 9-1. 
 

 
Figure 9-1.  Chinook salmon stressors excluding CVP/SWP-related effects (i.e., the figure represents the 
general baseline stress regime).  Chinook salmon are in freshwater during their adult immigration and 
holding, spawning, egg incubation, alevin, fry, and fingerling life stages.  They are in the Bay/Delta as smolts 
and in the ocean as sub-adults and adults.  Although not depicted in the figure, climate change is a baseline 
stressor expected to exacerbate many of the depicted conditions for anadromous salmonids throughout their 
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life cycle, particularly with respect to water temperature in all environments, inland hydrology, and ocean 
productivity (e.g., upwelling). 
 
A key aspect of the baseline stress regime that warrants discussion here is climate change.  
Lindley et al. (2007) summarized several studies (Hayhoe et al. 2004, Dettinger et al. 2004, 
Dettinger 2005, VanRheenen et al. 2004, Knowles and Cayan 2002) on how anthropogenic 
climate change is expected to alter the Central Valley, and based on these studies, described the 
possible effects to anadromous salmonids.  Climate models for the Central Valley are broadly 
consistent in that temperatures in the future will warm significantly, total precipitation may 
decline, the variation in precipitation may substantially increase (i.e., more frequent flood flows 
and critically dry years), and snowfall will decline significantly (Lindley et al. 2007).  Not 
surprisingly, temperature increases are expected to further limit the amount of suitable habitat 
available to anadromous salmonids.  The potential for more frequent flood flows might be 
expected to reduce the abundance of populations, as egg scour becomes a more common 
occurrence.  The increase in the occurrence of critically dry years also would be expected to 
reduce abundance, as, in the Central Valley, low flows during juvenile rearing and outmigration 
are associated with poor survival (Kjelson and Brandes 1989, Baker and Morhardt 2001, 
Newman and Rice 2002).  In addition to habitat effects, climate change may also impact Central 
Valley salmonids through community effects.  For example, warmer water temperatures would 
likely increase the metabolism of predators, reducing the survival of juvenile salmonids (Vigg 
and Burley 1991).  Peterson and Kitchell (2001) showed that on the Columbia River, 
pikeminnow predation on juvenile salmon during the warmest year was 96 percent higher than 
during the coldest.  In summary, climate change is expected to exacerbate existing stressors and 
pose new threats to Central Valley salmonids by reducing the quantity and quality of inland 
habitat (Lindley et al. 2007).   
 
9.1.3  Summary of Proposed Action Effects on Winter-Run Chinook Salmon 
 
Proposed action-related effects to winter-run are summarized in table 9-1.  Detailed descriptions 
regarding the exposure, response, and risk of winter-run to these stressors are presented in 
section 6. 
 
As shown in table 9-1, proposed action-related stressors reduce the fitness of individuals in all 
inland life stages.  The cumulative effect of these stressors throughout the life cycle likely has 
important consequences for the viability of the population, as Naiman and Turner (2000) 
demonstrated that it is possible to drive a Pacific salmon population to extinction (or to increase 
population size), by only slight changes in survivorship at each life history stage (see figure 2-3).  
It is important to recognize that the proposed action directly or indirectly affects the survivorship 
of each life stage, including fish that do not survive in the ocean because they do not enter the 
ocean in “top form.”  In addition, as discussed below, other factors beyond abundance govern the 
viability of a species and its extinction risk. 
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Table 9-1.  Summary of proposed action-related effects on winter-run.  

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

Immigration 
 
Delta  

Dec.-
Apr. 

DCC gate 
closures 

Winter-run could be delayed in the Delta 
resulting in greater exposure to both the in-river 
sport fishery and contaminants (reduced egg 
fertility or reduced viability and motility of 
spermatocytes during spawning).   

Low Low - based on 
limited 
supporting data  

Reduced 
survival and 
reduced 
reproductive 
success 

2 Adult 
Immigration 
 
RBDD 

May – 
Jul. 

RBDD gate 
closures from 
May 15 - Sept 
15 every year 
until 2019 

~15 % of adults delayed in spawning, more 
energy consumed, greater pre-spawn mortality, 
less fecundity; continues every year until 2019  

High High - based on 
TCCA (2008) and 
CVP/SWP 
operations BA, 
including many 
historical cited 
studies 

Reduced 
survival and 
reduced 
reproductive 
success 

3 Adult 
Immigration 
 
RBDD 

May – 
Jul. 

RBDD 
emergency 10 
day gate 
closures prior 
to May 15 

Greater proportion of run blocked or delayed; sub 
lethal effects on eggs in fish and energy loss. 
 
These emergency gate closures have occurred 
twice in the past 10 years and the frequency of 
occurrence may increase with climate change. 

High  High - based on 
TCCA (2008) and 
CVP/SWP 
operations BA 

Reduced 
survival and 
reduced 
reproductive 
success 

4 Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced 
spawning area 
from moving 
TCP upstream 
in almost 
every year 
from April 15 
to Sept 30 

Introgression or hybridization with spring/fall 
run/late-fall Chinook salmon; loss of genetic 
integrity and expression of life history 

High Low Reduced 
reproductive 
success 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Spawning 

 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced 
spawning area 
from moving 
TCP upstream 
in almost 
every year 
from April 15 
to Sept 30 

Density dependency - aggressive behavior among 
spawning fish could cause higher prespawn 
mortality, increased fighting for suitable 
spawning sites, adults forced downstream into 
unsuitable areas 

Medium - may 
increase as 
abundance 
increases  

Medium Reduced 
survival and 
reduced 
reproductive 
success 

4 Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced 
spawning area 
from moving 
TCP upstream 
in almost 
every year 
from April 15 
to Sept 30 

Redd superimposition - spawning on top of other 
redds, destroys eggs 

Medium - may 
increase as 
abundance 
increases 

Low Reduced egg 
survival and 
reduced 
reproductive 
success  

5 Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
below TCP, 
every year 
April 15 -Sept 
30) 

Prespawn mortality; reduced fecundity High High - based on 
CVP/SWP 
operations BA 
models and 
laboratory and 
hatchery evidence 
of temperature 
tolerances 

Reduced 
survival and 
reduced 
reproductive 
success 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
6 Embryo 

Incubation 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Oct. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements, 
every year 
from April 15 
- Sept 30.  (No 
carry-over 
storage target 
designed for 
fish protection 
is included in 
the proposed 
action.  
Without such a 
target, the risk 
of running out 
of coldwater in 
Shasta 
Reservoir 
increases.) 

Egg mortality - 16% in critically dry years and 
increases to 65% in critically dry years with 
climate change.  On average, for all water year 
types, mortality is 5-12% with climate change 
and 2-3% without. 
 
56ºF is exceeded at Balls Ferry in 30% of the 
years in August and 55% of the years in 
September 
 
Sub-lethal effects, such as developmental 
instability and related structural asymmetry have 
been reported to occur to salmonids incubated at 
warm water temperatures (Turner et al. 2007, 
Myrick and Cech 2001, Campbell et al. 1998).  
These sub-lethal effects decrease the chance of 
winter-run to survive during subsequent life 
stages (Campbell et al. 1998).  Campbell et al. 
(1998) concluded that chronic thermal stress 
produced both selectively lethal and sub-lethal 
effects that increased structural asymmetry and 
directly decreased salmon fitness. 

High High - based on 
water temperature 
and salmon 
mortality 
modeling 
presented in the 
CVP/SWP 
operations BA 
and on scientific 
literature.  
Significance of 
sub-lethal effects 
cited in Deas et 
al. (2008) 

Reduced 
survival 

7 Embryo 
Incubation 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Oct. 

Flow 
fluctuations 
caused by 
ACID dam 
installation, 2 
x /year, every 
year in April -
November 

Redd dewatering and stranding; loss of a portion, 
or all eggs in redd 

Low High - based on 
hydrology, but 
low based on redd 
surveys and low 
rate of redd 
dewatering 
historically 
observed 

Reduced 
reproductive 
success 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
8 Juvenile 

rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

Water 
temperatures 
warmer than 
life stage 
requirements 

Increased susceptibility to predation and disease Medium High - based on 
modeled water 
temps presented 
in CVP/SWP 
operations BA 
and scientific 
literature 
regarding 
temperature 
tolerances (EPA 
2001; Myrick and 
Cech 2001, 2004) 

Reduced 
survival 

9 Juvenile 
rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration. 
 
Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 10% of winter-run would be 
exposed to higher concentrations of predators 
when the gates are in (TCCA 2008). 

High High - based on 
mortality  studies 
at RBDD and 
timing of 
emigration 
(Vogel et al. 
1988; Tucker 
1998; TCCA 
2008) 

Reduced 
survival 

10 Juvenile 
rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967. 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11 Juvenile 

rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

Flow 
fluctuations 
caused by 
ACID dam 
removal in 
November 

Fry standing and juvenile isolation; juveniles 
killed or subjected to predation and higher temps 
in side channels. 
 
Flow fluctuations from the dam removal occur 
over a short time period, limiting the exposure to 
potential fry stranding and juvenile isolation.   

Low  High - based on 
real-time 
management of 
dam removal 

Reduced 
reproductive 
success 

12 Juvenile 
rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, diversion 
pumps, and bypasses; sub lethal effects from 
going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency) 

Low  High - based on 
annual 
monitoring of fish 
screens 

Reduced 
survival 

13 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Sep. – 
Nov. 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14 Juveniles 

and smolts 
 
RBDD to 
Colusa 

Sep. – 
Nov. 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  
 
  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced the 
quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 
 

High High - based on 
Co-manager 
review draft of 
Central Valley 
Salmon Recovery 
Plan and 
CALFED funded 
Ecological Flow 
Tool model (Sac 
EFT) 

Reduced 
survival and 
reduced 
growth 

15 Juveniles 
and smolts 
 
Colusa to 
Sacramento 

Sep. – 
Nov. 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta. 
 
Few winter-run are expected to be in this area 
during the fall. 

Low Low - based on 
lack of 
monitoring 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
16a-e Juvenile/ 

Smolt 
emigration 
 
Delta 

Nov. - 
May 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

During dry and critical years in December and 
January, modeling estimates of monthly 
mortality of up to approximately 15% of the total 
winter-run population entering the Delta at 
Freeport is associated with exports (Greene 
2008).   
 
Of those winter-run entering the interior of the 
Delta (through DCC or Georgiana Slough), 
mortality is estimated to be approximately 66% 
(range of 35-90% mortality).  This equates to 
approximately 5-20% of the total population 
entering the Delta at Freeport. 
 
Anticipated delays in migration due to export 
operations. 

High  Low to High (see 
below)  
 
15% mortality 
estimates are 
from DWR PTM 
modeling (Greene 
2008) 
 
Delta interior 
mortality 
estimated from 
acoustic tagging 
studies (Vogel 
2003; Horn and 
Blake 2004; Perry 
and Skalski 2008; 
Vogel 2008a) 

Reduced 
survival 

16a Juvenile/ 
Smolt 
emigration 
 
Delta 

Nov. - 
May 

DCC 
operations - 
open gate 
configurations 
from 
November 
through 
January 

Increased vulnerability of entrainment into the 
Delta interior where survival is considerably 
lower than within the Sacramento River 
mainstem.  Mandatory gate closure from Feb 1 
through end of May prevents entrainment into the 
DCC.  
 
Open gate configuration in December and 
January exposes approximately 45% of the 
winter-run population estimated at Knights 
Landing to risk of diversion into the interior 
Delta 

High  High – Numerous 
studies i.e., Delta 
Action 8, DCC, 
and Delta Interior 
experiments 
confirm low 
survival of fish 
entrained into the 
delta interior.  
Acoustic tagging 
studies provide 
similar 
conclusions for 
survival within 
the Delta interior 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
16b Juvenile/ 

Smolt 
emigration 
 
Delta 

Nov. - 
May 

Loss in Delta 
interior 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Island) are observed for fish migrating through 
the Delta interior. 
 
Loss of up to 15% of winter-run population 
entering the Delta 

High High – numerous 
studies find 
similar high loss 
rates for fish 
relased in the 
Delta interior. 

Reduced 
survival 

16c Juvenile/ 
Smolt 
emigration 
 
Delta 

Nov. -
May 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85% of the exposed fish.  The 
percentage of the population exposed is variable, 
typically less than 2-3%, and frequently is much 
lower (0.5%) based on salvage recovery 
estimates. 
 
Percentage of population actually arriving at the 
export facilities and entering the salvage process 
is low. 

Low  High- numerous 
studies have 
evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations 
survival  

Reduced 
survival 

16d Juvenile/ 
Smolt 
emigration 
 
Delta 

Nov. - 
May 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on salmon as well as shifts in useable 
habitat and food resources occur due to non-
native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have  increased the level of 
loss for fish emigrating through the Delta 

High  Low to Medium.  
Invasion of non-
native species 
into delta is well 
documented, 
interaction with 
salmonid 
populations less 
well documented 

Reducted 
survival, 
Reduced 
growth 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
16e Juvenile/ 

Smolt 
emigration 
 
Delta 

Nov. - 
May 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food web 
base, delay in migration through Delta due to 
altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics 
on organisms 
relatively 
unstudied 

Reduced 
survival, 
reduced 
growth 
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9.1.4  Assess Risk to the Population 
 
Population viability is determined by four parameters: spatial structure, diversity, abundance, and 
productivity (growth rate).  Both population spatial structure and diversity (behavioral and 
genetic) provide the foundation for populations to achieve abundance levels at or near potential 
carrying capacity and to achieve stable or increasing growth rates.  Spatial structure on a 
watershed scale is determined by the availability, diversity, and utilization of properly 
functioning conditions (habitats) and the connections between such habitats (McElhany et al. 
(2000).  Properly functioning condition defines the inland habitat conditions necessary for the 
long-term survival of Pacific salmon populations (McElhany et al. (2000).  As described in 
section 6, habitat conditions in the Sacramento River and Delta are adversely affected by the 
proposed action in a number of ways, including, but not limited to:  (1) delaying adult 
immigration through RBDD operations; (2) moving the TCP upstream during spawning and 
embryo incubation; (3) creating conditions favorable for predators as juveniles migrate 
downstream of RBDD during the gates in period; (4) pulling more water and juvenile salmon 
into the Central and South Delta; and (5) changing the Delta from a variable salinity system to 
one that is predominantly freshwater.  In these ways, the proposed action reduces the 
population’s current spatial structure (by reducing habitat quantity and quality), which increases 
the risk of extinction of the winter-run population, and consequently the ESU.   
 
The diversity of winter-run continues to be limited as a result of the proposed action.  The release 
of cold water to accommodate adult winter-run migration, holding, spawning, and egg incubation 
is predictable, beginning and ending on specific dates, leaving little room for variability in both 
the run and spawn timing within the species, both of which have been identified as key diversity 
traits (McElhany et al. 2000).   
 
In addition, the diversity of winter-run is reduced by proposed operations due to effects which 
truncate the timing of particular life stages.  RBDD (gates down) delays up to approximately 15 
percent of the adults, some of which suffer pre-spawn mortality or have reduced spawning 
success.  This delay at RBDD effectively reduces the numbers of potentially fit spawners from 
the tail end of the spawning population, thereby reducing genetic and life history diversity.  In 
addition, while the gates are still down, RBDD results in the increased mortality of the first 10 
percent of the juveniles outmigrating, thereby truncating the first part of the outmigration period.  
Furthermore, a portion of winter-run smolts are expected to be entrained into the Central and 
South Delta through the DCC when the gates are open during the November 1 through January 
3119 time frame.  Our analysis in section 6.6, above, shows that the survival of winter-run 
juveniles is considerably lower through the Central and South Delta than if the juveniles stayed 
within the mainstem Sacramento River.  The lower survival rates of the juveniles through the 
Central and South Delta are attributable to the direct and indirect effects of the Federal and State 
pumps.  Because the DCC is open during the beginning of the winter-run smolt outmigration 
period, entrainment of juveniles through the DCC again truncates the first part of the 
outmigration period of smolts.  The near term and future operations would likely result in more 
of the Sacramento River being diverted to the Central and South Delta through the DCC, thereby 
resulting in increased entrainment (and subsequent mortality) of winter-run smolts during the 
early part of their outmigration period.  Thus, the combined effects of RBDD gates down and 

 
19 D-1641 provides for a 45-day discretionary closure of the DCC gates from November 1 though January 31. 



DCC gates open result in constricting the period of survival of winter-run during their inland 
residency (figure 9-2). 
 
 

 
Figure 9-2.  General depiction of proposed action-related effects on the temporal distribution of adult and 
juvenile winter-run during their inland residency.  Winter-run adults delayed or blocked by RBDD during 
the late portion of their spawning run effectively reduces their occurrence on the spawning grounds, which 
reduces overall production during this time period.  This has a negative impact on the spawning success of 
winter-run that have not migrated upstream of RBDD after the gates are down, which consequently limits the 
potential for juvenile production during the late part of this life stage period.  Juvenile production also is 
limited during the early part of this life stage period by RBDD- and DCC-related effects.   
 
The timing of winter-run smolt ocean entry, coupled with the timing, location, and magnitude of 
ocean upwelling and related prey availability, is critical to the growth and survival of these fish.  
Research suggests that juvenile Chinook salmon that migrate from natal rearing areas during the 
early part of this life stage period enter the ocean earlier than juveniles that leave during the later 
part of the life stage period (MacFarlane and Norton 2002, MacFarlane et al. 2008).  Put another 
way, Chinook salmon that are spawned first, are generally the ones that hatch, emerge, rear, and 
migrate to the ocean first.  As the timing of winter-run ocean entry is constricted by the proposed 
action, the probability that smolts will enter an ocean environment with favorable conditions for 
growth and survival decreases because ocean productivity often varies considerably within one 
season (Lenarz et al. 1995).  A wider temporal distribution of ocean entry increases the chance 
that at least some smolts will enter a productive ocean.  As described in Lindley et al. (2009), the 
proximate cause of a recent collapse in fall-run was that the 2004 and 2005 brood years entered 
the ocean during a period of low ocean productivity20.  One recommendation by those authors to 
improve the resiliency of fall-run is to increase the stock’s diversity by evaluating hatchery 
practices that increase the variation in timing of ocean entry.   
 
In addition to impacts to the spatial structure and diversity, the proposed action is expected to 
result in substantial mortality to winter-run as a combined result of:  (1) delays at RBDD during 
adult immigration resulting in prespawn mortality; (2) moving the TCP upstream during embryo 
incubation, thereby exposing eggs that were incubating downstream of the adjusted TCP at water 
temperatures at or below the upper limit for optimal survival (i.e., 56° F) to water temperatures 
associated with higher egg mortality; (3) increasing predation of juveniles when the RBDD gates 
are down; (4) entraining juveniles into the Central and South Delta (figure 9-3); (5) entraining 

                                                 
20 Lindley et al. (2009) state that the rapid and likely temporary deterioration in ocean conditions is acting on top of 

a long-term, steady degradation of the freshwater and estuarine environment. 
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and impinging juveniles at the pumps (both direct and indirect loss); and (6) loss associated with 
the CHTR program.   

 
Figure 9-3.  Relative magnitude and location of juvenile salmonid survival throughout the Delta. 
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The cumulative effect of proposed action-related mortality at multiple life stages every year, 
continues to increase the extinction risk of the winter-run population.  Furthermore, most of this 
mortality is expected to occur during the juvenile and smolt life stages prior to ocean entry – a 
key transition in the life cycle that has been shown to be most limiting to salmon production in 
the Central Valley (Bartholow 2003) and in other systems (Wilson 2003).  Results from a recent 
study indicate that about 80 to 90 percent of Chinook salmon juveniles die when migrating from 
the mainstem Sacramento River near Battle Creek through the San Francisco Estuary (Delta, 
Suisun, San Pablo, and San Francisco bays; MacFarlane et al. 2008).  This range was derived 
from an acoustic tagging study of hatchery-produced late fall-run released as smolts.  Mortality 
of naturally-produced winter-run, which must avoid predators immediately upon emerging from 
spawning gravels as fry, is most likely higher than that reported for the late fall-run smolts 
because of size-related differences in vulnerability to predation (i.e., fry are more vulnerable to 
predation than smolts). 
 
All of the above factors which reduce the spatial structure, diversity, and abundance of winter-
run, further compromise the capacity of this population to respond and adapt to environmental 
changes.  Future projections over the duration of the proposed action (i.e., through 2030), 
considering both increasing water demands and climate change, exacerbate risks associated with 
the proposed action, further increasing the risk to the population. 
 
In the Sacramento River, comparing climate change scenarios (Study 9.0 base vs Study 9.5 drier, 
more warming) shows that average winter-run mortality increases from 15 percent to 25 percent.  
EOS carryover storage at Shasta is less than 1.9 MAF during average dry years (1928 to 1934) in 
all scenarios except Study 9.2 wetter, less warming (CVP/SWP operations BA table 9-23).  
Under these conditions, winter-run would experience a loss of spawning habitat, as water 
temperatures below dams becomes harder to control and the cold water pool in Shasta 
diminishes.   
 
At the population level, the added impacts of the proposed action with climate change in the 
future baseline decreases adult abundance for all listed fish species.  Crozier et al. (2008) 
predicted the probability of quasi-extinction in 4 populations of Snake River spring/summer 
Chinook salmon using a life-cycle model for the 2040 timeframe.  They found that mean 
Chinook salmon population size decreased from 20-37 percent in the more moderate climate 
scenarios (1.77oC rise in average temperature) to 37-50 percent in the hottest and driest scenarios 
(2.6oC warming).  Lower flows in October and higher temperatures caused parr-to-smolt survival 
to decline from 18-19 percent in the more moderate scenario to 34-35 percent in the drier 
scenario.  Although density-dependent processes compensated for declines in par-to-smolt 
survival, the probability of extinction still fell below the critical thresholds.  Population growth 
rate (lamda) declined under all climate change scenarios.  The risk of dropping below the lowest 
historical level of abundance shifted from a range of 6-36 percent in the current climate to 54-86 
percent in the drier hotter climate.  Maintaining habitat diversity could potentially help buffer 
against the impacts of climate change (Lindley et al. 2009). 
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9.1.5  Assess Risk to the Sacramento River Winter-Run Chinook Salmon ESU 
 
Because winter-run is solely composed of one population, the risks to this population described 
in the previous section represent the risks to the ESU.  As previously stated, the winter-run ESU 
is currently at a high risk of extinction in large part because:  (1) the ESU is composed of only 
one population, which has been blocked from all of its historic spawning habitat; (2) the ESU has 
a risk associated with catastrophes, especially considering the remaining population’s proximity 
to Mt. Lassen and its dependency on the coldwater management of Shasta Reservoir; and (3) the 
population has a “high” hatchery influence (Lindley et al. 2007).  The proposed action does not 
improve any of these factors; it increases the population’s extinction risk by adding numerous 
stressors on top of to the species’ baseline stress regime, as is generally depicted in figure 9-4.   
With implementation of the proposed action, winter-run will have to cope with these additional 
stressors, which will adversely affect each life stage throughout the species’ life cycle every year 
for the next 21 years.  NMFS expects that the adverse affects will increase as the proposed action 
advances to full build out.   Most winter-run exhibit a 3-year life cycle, indicating that seven 
generations of winter-run will be affected by the proposed action. 
 
Given the evidence of the reduction in numbers, reproduction and/or distribution of the species, 
NMFS concludes that Reclamation has not ensured that the proposed action is not likely to 
appreciably reduce the likelihood of viability, and therefore the likelihood of both the survival 
and recovery of the Sacramento River winter-run Chinook salmon ESU (table 9-2).   
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Figure 9-4.  Chinook salmon stressors, both baseline and those that will result from the proposed action.  
Chinook salmon are in freshwater during their adult immigration and holding, spawning, egg incubation, 
alevin, fry, and fingerling life stages.  They are in the Bay/Delta as smolts and in the ocean as sub-adults and 
adults.  Although not depicted in the figure, climate change is a baseline stressor expected to exacerbate the 
depicted conditions for anadromous salmonids throughout their life cycle, particularly with respect to water 
temperature in all environments, inland hydrology, and ocean productivity (e.g., upwelling). 
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Table 9-2.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the 
Sacramento River Winter-Run Chinook Salmon ESU.  Application of Key Evidence is Provided in Italics.  
Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to Not 
Likely to Adversely Affect (NLAA) and Not Likely/Likely to Jeopardize (NLJ/LJ).   
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment.   
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River flow 
regulation disrupting natural river function and morphology; (3) warm water 
temperatures in the mainstem Sacramento River;; and (4) modified Delta hydrology 
associated with export operations (e.g., pulling water towards the Federal and State 
pumping plants). 

False Go to 
B 

True NLAA 

B 

Winter-run are not likely to be exposed to one or more of those stressors or one 
or more of the direct or indirect consequences of the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to delay 
~15% of winter-run adults migrating upstream; ~10% of winter-run juveniles 
emigrating past RBDD would be exposed to greater predation.  (2) All freshwater 
life stages of winter-run will be exposed to regulated Sacramento River flows and 
their effects on river processes and morphology every year through 2030.  (3) Each 
year through 2030, winter-run are expected to be exposed to water temperatures 
warmer than life stage requirements during spawning, egg incubation, and juvenile 
rearing and outmigration.  (4) As water is moved from the north Delta to the export 
facilities in the south Delta, each year through 2030, winter-run juveniles will have 
increased exposure  to an abundant predator community, an aquatic environment 
degraded by pesticides and contaminants, and direct entrainment at the Federal and 
State pumping plants. 

False Go to 
C 

True NLAA 

C 

Listed individuals are not likely to respond upon being exposed to one or more 
of the stressors produced by the proposed action. 
Key Evidence:  (1) Delayed upstream migration at RBDD causes individual adults to 
consume more energy, which limits the amount of energy available for reproduction, 
resulting in the deposition of fewer and/or less viable eggs.  Mortality of juvenile 
salmon migrating downstream past RBDD reportedly ranges from 5 to 50%.  (2) 
Loss of natural river function resulting from flow regulation has reduced the quality 
and quantity of rearing and migratory habitats, thereby reducing the growth and 
survival of individual winter-run juveniles.  (3) Egg mortality resulting from 
exposure to warm water temperatures is expected to range up to 65% in critically 
dry years with climate change.  Individuals are expected to experience sub-lethal 
effects due to warm water temperatures during the spawning, embryo incubation, 
and juvenile rearing life stages. (4) Mortality of winter-run juveniles that enter the 
Delta interior is expected to range from 35 to 90 %, resulting in the loss of  
approximately 5-20 percent of the entire ESU.   

False Go to 
D 

D 
Any responses are not likely to constitute “take” or reduce the fitness of the 
individuals that have been exposed. 
Key Evidence: (1) The reduction in energy available for egg production associated 

True NLAA 
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 with delayed upstream migration at RBDD reduces the fitness of individuals by 
reducing their reproductive capacity.  (2)“Take”of winter-run individuals in the 
form of reduced growth and survival is expected due to the loss of natural river 
function associated with flow regulation.  (3) and (4)  As described in step C, “take” 
of winter-run individuals, in the form of mortality, is expected particularly during 
the egg incubation (water temperature effects) and juvenile rearing/smolt emigration 
(predation and entrainment in the Delta) life stages.   

False Go to 
E 

True NLJ 

E 

Any reductions in individual fitness are not likely to reduce the viability of the 
populations those individuals represent. 
Key Evidence:  The cumulative effects of RBDD operations, flow regulation, warm 
water temperatures, project-related impacts in the Delta, and other project-related 
stressors (see table 9-1) are expected to sufficiently reduce the survival and/or 
reproductive success of winter-run individuals at multiple life stages every year 
through 2030 such that key population parameters (i.e., spatial structure, diversity, 
and abundance) will be appreciably reduced (see section 9.1.4 Assess Risk to the 
Population).  Reductions in these parameters over the next 21 years will likely 
reduce the viability of the population.   

False Go to 
F 

True NLJ 

F 

Any reductions in the viability of the exposed populations are not likely to 
reduce the viability of the species. 
Key evidence:  The winter-run ESU is solely composed of the Sacramento River 
population.  Therefore, because the viability of this population is expected to be 
reduced by stressors related to the proposed Action, the viability of the species also 
is expected to be reduced. 

False LJ 

 
9.2  Sacramento River Winter-Run Chinook Salmon Critical Habitat 
 
9.2.1  Status of Sacramento River Winter-Run Chinook Salmon Critical Habitat 
 
As described in section 4.2.1.2.4.3, winter-run critical habitat is composed of seven physical and 
biological features that are essential for the conservation of winter-run.  All of those physical and 
biological features can be characterized as suitable and necessary habitat features that provide for 
successful spawning, rearing, and migration.  Therefore, we will be evaluating the effect of the 
proposed action in terms of its effect on spawning and rearing habitat and migratory corridors. 
 
Currently, many of the physical and biological features that are essential for the conservation of 
winter-run are impaired, and provide limited conservation value.  For example, when the gates 
are in, RBDD reduced the value of the migratory corridor for upstream and downstream 
migration.  Unscreened diversions throughout the mainstem Sacramento River, and the DCC 
when the gates are open during winter-run outmigration, do not provide a safe migratory corridor 
to San Francisco Bay and the Pacific Ocean. 
 
In addition, the annual change in TCP has annually degraded the conservation value of spawning 
habitat by reducing the amount of spawning habitat based on preferred spawning water 
temperature (56°F).  The current condition of riparian habitat for winter-run rearing is degraded 
by the channelized, leveed, and riprapped river reaches and sloughs that are common in the 
Sacramento River system.  However, some complex, productive habitats with floodplains remain 
in the system (e.g., Sacramento River reaches with setback levees (i.e., primarily located 
upstream of the City of Colusa) and flood bypasses (i.e., Yolo and Sutter bypasses).   
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Based on the impediments caused by RBDD (gates in), unscreened diversions, DCC (gates open 
during the winter-run outmigration period), and the degraded condition of spawning habitat and 
riparian habitat, the current condition of winter-run critical habitat is degraded, and does not 
provide the conservation value necessary for the recovery of the species.   
 
9.2.2  Project Effects on Sacramento River Winter-Run Chinook Salmon Critical Habitat 
 
Critical habitat for winter-run is comprised of physical and biological features that are essential 
for the conservation of winter-run, including freshwater spawning sites, rearing sites, and 
migration corridors to support one or more life stages of winter-run.  As summarized below, the 
conservation value of critical habitat throughout the Sacramento River from Keswick Dam to the 
Delta (302 miles) will be degraded by the proposed action. 
 
9.2.2.1  Spawning Habitat 
 
As future water demands increase, and in consideration of climate change scenarios, potential 
spawning habitat will be consistently reduced by temperature control to smaller and smaller 
areas below Keswick Dam as Reclamation’s ability to provide spawning habitat necessary for 
the conservation of the species will be reduced.  The value of spawning habitat is also reduced by 
flow fluctuations twice a year every year to install and remove the ACID diversion dam.  These 
sudden drops in flow degrade successful spawning, incubation, and larval development by 
reducing and dewatering some of the available habitat. 
 
9.2.2.2  Rearing Habitat 
 
The value of rearing habitat will continue to be degraded as hydrologic conditions resulting from 
operations favor the proliferation of introduced non-native warm water predators of juvenile 
salmonids. 
 
Reclamation will continue to operate RBDD (modification of 6 miles of free-flowing riverine 
habitat to lake-like habitat) and the ACID diversion dam (modification of 3 miles of free-flowing 
riverine habitat to lake-like habitat) for 4 to 6 months of every year.  Food supply, shelter, and 
cover will continue to be reduced during the 4 months that the gates are in.  In the future full 
build out scenario, the value of rearing habitat will improve when the gates are out for up to 10 
months of each year.  However, stranding and isolation in sloughs adjacent to the lake would still 
occur, and riparian habitat will not likely establish. 
 
9.2.2.3  Migratory Corridors 
 
The value of upstream and downstream migratory corridors will continue to be degraded as a 
result of the continued operation of RBDD and the ACID diversion dam, which preclude 
unobstructed passage.  The creation of Lake Red Bluff results in the reduction in value of rearing 
habitat and degradation of 15 miles of shoreline that slows down flows, inundates riparian areas, 
and increases habitat for warm water predators.  The value of the migratory corridor will also 
continue to be degraded when the RBDD gates come out in September and cause stranding and 
isolation in sloughs adjacent to the lake.  In the future full build out scenario (2030, which we 
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assume the effects will be realized starting in year 2019), the 10-month gates out and 2-month 
(which is really 2½ months) gates in scenario will improve the value of the migratory corridor by 
providing unobstructed passage. 
 
During outmigration, the DCC, when the gates are open, continues to degrade the value of the 
mainstem Sacramento River as a migratory corridor by entraining a portion of the outmigrating 
juveniles into the Central Delta, where survival and successful outmigration to the Pacific Ocean 
is lower than if the juveniles remained in the main migratory corridor of the Sacramento River.  
The proposed action exacerbates this problem by altering water movement through the 
Sacramento River and Delta such that water in the north part of the Delta (e.g., immediately 
upstream of the DCC) is pulled southward towards the Federal and State pumping plants through 
the DCC and/or Georgiana Slough. 
 
9.2.3  Assess Risk to the Winter-Run Chinook Salmon Critical Habitat 
 
Many of the physical and biological features that are essential for the conservation of winter-run 
are currently degraded.  As a result of implementing the proposed action, some of those physical 
and biological features will likely remain the same, which will keep their conservation value low.  
However, the conservation value of many of the physical and biological features will likely be 
further degraded.  For example, the proposed action will further degrade the value of spawning, 
rearing, and migratory habitat.  Reoperation of RBDD in the future full build out scenario, so 
that the gates are down for 2½ months instead of the 4-month near-future (i.e., 2009-2019) 
scenario, will slightly improve the value of rearing and migratory habitat.  However, the 
conservation value of these habitats will remain degraded by other stressors related to both the 
proposed action and the baseline (see figure 9-4). 
 
The effects of the proposed action under climate change scenarios would likely further degrade 
the value of spawning and rearing habitat by increasing water temperatures.  Cold water in 
Shasta Reservoir will run out sooner in the summer, degrading winter-run spawning habitat, and 
the value of rearing habitat would likely be further degraded by juveniles emigrating earlier, 
encountering thermal barriers sooner, and be subjected to predators for longer periods of time.  
Juveniles that do not emigrate earlier will likely congregate in areas of cold water refugia, like in 
the few miles below dams where competition for food, space, and cover would be intense. 
 
Based on the analysis of available evidence, NMFS concludes that the proposed action is likely 
to reduce the conservation value of the critical habitat, as designated, for the conservation of 
Sacramento River winter-run Chinook salmon (table 9-3).   
 
Table 9-3.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Sacramento 
River Winter-Run Chinook Salmon Designated Critical Habitat.  Application of Key Evidence is Provided in 
Italics.  Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to 
Not Likely to Adversely Affect (NLAA) and Adverse Modification of Critical Habitat (AD MOD). 
Step Apply the Available Evidence to Determine if… True/False Action 

A 
The proposed action is not likely to produce stressors that have direct of 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 

True End 
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 environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River flow 
regulation disrupting natural river function and morphology; (3) warm water 
temperatures in the mainstem Sacramento River; and (4) modified Delta hydrology 
associated with export operations (e.g., pulling water towards the Federal and 
State pumping plants). 

False Go to B 

True NLAA 

B 

Areas of designated critical habitat are not likely to be exposed to one or more 
of those stressors or one or more of the direct or indirect consequences of the 
proposed action. 
Key Evidence:  (1) Each year through 2019, the migratory corridor for winter-run 
adult immigration and juvenile emigration is expected to be affected by RBDD 
operations; rearing habitat will be affected by the formation of Lake Red Bluff.  (2) 
Holding, spawning, rearing, and migratory habitats in the Sacramento River will be 
exposed to regulated flows and their effects on river processes and morphology 
every year through 2030. (3) Each year through 2030, winter-run spawning, egg 
incubation, and juvenile rearing habitats are expected to be affected by water 
temperatures warmer than life stage-specific requirements.  (4) Each year through 
2030, as water is moved from the north Delta through the DCC towards the 
pumping plants in the south Delta, a portion of outmigrating winter-run juveniles 
will be entrained into the central Delta, where survival and successful outmigration 
to the Pacific Ocean is expected to be lower than if the juveniles remained in the 
main migratory corridor of the Sacramento River. 

False Go to C 

True NLAA 

C 

The quantity, quality, or availability of all constituent elements of critical 
habitat are not likely to be reduced upon being exposed to one or more of the 
stressors produced by the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations will reduce the 
quality of habitat for winter-run adult immigration and juvenile emigration, as well 
as the quality and quantity of rearing habitat through the formation of Lake Red 
Bluff.  (2) Loss of natural river function resulting from flow regulation has reduced 
the quality and quantity of rearing and migratory habitats. (3) Each year through 
2030, the provision of water temperatures warmer than life stage-specific 
requirements will reduce the quantity and quality of winter-run spawning, egg 
incubation, and juvenile rearing habitats.  (4) Each year through 2030, the quality 
of migratory habitats is reduced by entraining juvenile winter-run into low quality 
rearing/migratory habitat in the central Delta.   

False Go to D 

True NLAA 

D 

Any reductions in the quantity, quality, or availability of one or more 
constituent elements of critical habitat are not likely to reduce the conservation 
value of the exposed area. 
Key Evidence:  Reductions in the conservation value of migratory, spawning, and 
rearing habitats are expected due to reductions in the quantity, quality, or 
availability of critical habitat constituent elements resulting from RBDD 
operations, flow regulation, the provision of water temperatures in the Sacramento 
River warmer than life stage-specific requirements, and the movement of water 
towards the Federal and State pumping plants. 

False Go to E 

True No AD 
MOD 

E 

Any reductions in the conservation value of the exposed area of critical habitat 
are not likely to reduce the conservation value of the critical habitat 
designation. 
Key Evidence:  Because the conservation value of all inland habitat types 
(migratory, spawning, and rearing) necessary to complete the salmon life cycle are 
expected to be reduced with implementation of the proposed Action, it is likely that 
the conservation value of the critical habitat designation will also be reduced. 

False AD 
MOD 

 
9.3  Central Valley Spring-Run Chinook Salmon ESU 
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In this section, we describe how the proposed action is expected to affect the likelihood of 
survival and recovery of the Central Valley spring-run Chinook salmon ESU by summarizing 
how project operations will affect each extant spring-run population.  We will first summarize 
the status of the Central Valley spring-run Chinook salmon ESU.  Next, within each diversity 
group, the risk to each population will be assessed by considering its status, baseline stress 
regime, and how the proposed action is expected to affect individuals of the population 
throughout their life cycle.   
 
The risk to the species will be assessed by considering the risk of the various diversity groups 
and populations.  As stated in the Analytical Approach, if appreciable reductions in any 
population’s viability are expected to result from implementation of the proposed action, then 
this would be expected to appreciably reduce the likelihood of both the survival and recovery of 
the diversity group the population belongs to, as well as the listed ESU/DPS.  This assumption is 
based on the recommendation from the TRT that every extant population is necessary for the 
recovery of the species (Lindley et al. 2007).  NMFS interprets this assumption to indicate that 
an increase in the extinction risk of one or more of the populations increases the extinction risk 
of the species. 
 
9.3.1  Status of Central Valley Spring-Run Chinook Salmon ESU 
 
Lindley et al. (2007) stated that perhaps 15 of the 19 historical (independent) populations of 
spring-run are extinct, with their entire historical spawning habitats behind various impassable 
dams.  Those authors only considered Butte, Deer, and Mill creeks as watersheds with persistent 
populations of Chinook salmon confirmed to be spring-run, although they recognized that 
Chinook salmon exhibiting spring-run characteristics persist within the Feather River Hatchery 
population spawning in the Feather River21 below Oroville Dam and in the Yuba River below 
Englebright Dam.  The populations in butte, Deer, and Mill creeks and in the Feather and Yuba 
rivers fall within the Northern Sierra Nevada diversity group.  Butte and Deer creek spring-run 
populations are at low risk of extinction, and the Mill Creek population is at either a moderate of 
low risk (Lindley et al. 2007).  Other spring-run populations seem to persist in this diversity 
group in Antelope and Big Chico creeks, albeit at an annual population size in the tens or 
hundreds of fish, with no returning spawners in some years.   
 
In addition, populations of spring-run may occur in the Basalt and Porous lava diversity group in 
the mainstem Sacramento River22 and in Battle Creek, although, similar to the Antelope and Big 
Chico Creek population, these populations are made up of only tens or hundreds of fish.  These 
populations are presumably dependent on strays from other populations, although the extent of 

                                                 
21 An analysis of the proposed action effects on Feather River spring-run will be covered in a separate Opinion 

related to the relicensing of Oroville Dam. 
22 The presence of Keswick and Shasta dams has resulted in a spatial and temporal overlap of spring-run and fall-

run spawning.  Considerable hybridization between these runs has occurred.  Genetic analyses of early-returning 
Chinook salmon in the mainstem Sacramento River have not been conducted.  Without specific genetic 
information to consider, for the purposes of this Opinion, NMFS assumes that the Chinook salmon exhibiting 
spring-run behavior (e.g., upstream migration during spring and spawning during early fall) in the mainstem 
Sacramento River represent a distinct spring-run population.  This assumption is supported by a recent study of 
Central Valley steelhead genetics, which generally indicated that run timing remains an important factor in 
describing genetic structure in the Central Valley (Garza and Pearse 2008). 
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this dependency is not known.  Lindley et al. (2007) concluded that these populations are 
entirely composed of strays, as those authors stated that the spring-run have been extirpated from 
the entire diversity group. 
 
Ephemeral populations are found in the Northwestern California Diversity Group in Beegum and 
Clear creeks, and salmon have been observed in Thomes Creek during the spring, although 
monitoring in that creek has not been conducted consistently due to poor access and difficult 
terrain.  Returning adult spring-run population sizes in Beegum and Clear creeks have generally 
ranged from tens up to a few hundred fish.  Habitat restoration in Clear Creek has improved 
conditions for spring-run and the population has been responding positively to these 
improvements.   
 
With the exception of Clear Creek, the Sacramento River, and the Feather River, the proposed 
action does not affect spring-run within the above listed tributaries.  However, spring-run 
produced in all of these tributaries are affected by the proposed action as they migrate, hold, or 
rear within the Sacramento River and Delta. 
 
Historically, the majority of spring-run in the Central Valley were produced in the Southern 
Sierra Nevada Diversity Group, which contains the San Joaquin River and its tributaries.  All 
spring-run populations in this diversity group have been extirpated (Lindley et al. 2007). 
 
With demonstrably viable populations in only one of four diversity groups that historically 
contained them, spring-run fail the representation and redundancy rule for ESU viability 
(Lindley et al. 2007).  The current distribution of viable populations makes spring-run vulnerable 
to catastrophic disturbance.  All three extant independent populations are in basins whose 
headwaters occur within the debris and pyroclastic flow radii of Mt. Lassen, an active volcano 
that the USGS views as highly dangerous (Hoblitt et al. 1987).  The current ESU structure is, not 
surprisingly, also vulnerable to drought.  Even wildfires, which are of much smaller scale than 
droughts or large volcanic eruptions, pose a significant threat to the ESU in its current 
configuration.  A fire with a maximum diameter of 30 km, big enough to burn the headwaters of 
Mill, Deer and Butte creeks simultaneously, has roughly a 10 percent chance of occurring 
somewhere in the Central Valley each year (Lindley et al. 2007). 
 
9.3.2  Future Baseline of Central Valley Spring-Run Chinook Salmon Excluding CVP/SWP 
Effects 
 
This section describes the environmental baseline upon which we will add the effects of the 
proposed action in order to help assess the response and risk to the species.  Habitat elimination 
and degradation has been a primary factor causing the threatened status of spring-run in the 
Central Valley.  Physical habitat modifications (e.g., dam construction and river straightening 
and associated riprap applications) and other anthropogenic and natural effects in freshwater, 
estuarine, and marine environments have greatly diminished the viability of the ESU, and 
continue to do so.  These baseline stressors are similar to those that affect winter-run (see figure 
9-1) and include harvest, predation, water management, agricultural, urban, and industrial land 
use, competition, and invasive species and associated food web changes. 
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9.3.3  Northwestern California Diversity Group 
 
9.3.3.1  Clear Creek Spring-Run Chinook Salmon 
 
9.3.3.1.1  Status of Clear Creek Spring-Run Chinook Salmon 
 
Spring-run are increasing in abundance in Clear Creek due to habitat restoration funded by 
CALFED and the CVPIA, including the removal of McCormick-Saeltzer Dam, habitat 
restoration, gravel augmentation, temperature control and increased flows.  The spring-run 
population in Clear Creek has gone from zero to about a few hundred adults annually in the last 
12 years.  Most of the spring-run are descendents from introduced Feather River Hatchery stock 
in the 1990s.   
 
Although the abundance of Clear Creek spring-run has been increasing over the last decade, it is 
still at an abundance level that makes the population vulnerable to extirpation from demographic 
stochasticity - seemingly random effects of variation in individual survival or fecundity with 
little or no environmental pressure (Shaffer 1981, Allendorf et al. 1997, McElhany et al. 2000).  
As such, the population would fall into the high risk of extinction category based on abundance, 
as described in Lindley et al. (2007, see table 4-3). 
 
9.3.3.1.2  Future Baseline of Clear Creek Spring-Run Chinook Salmon Excluding 
CVP/SWP Effects 
 
The general baseline stress regime for Clear Creek spring-run in freshwater, estuarine, and the 
marine environment is depicted in figure 9-1.  More specifically, baseline stressors within Clear 
Creek include Whiskeytown Dam blocking access to historic habitat (Yoshiyama et al. 1996), a 
lack of natural recruitment of spawning gravels and a lack of suitable habitat during the summer 
for juvenile rearing and adult holding.  The dam forces spring-run to hold and spawn at a 
relatively low elevation in habitats that were not historically used for those life stages.  The dam 
also limits the availability of spawning gravels, and as such, the availability of spawning habitat.   
 
9.3.3.1.3  Summary of Proposed Action Effects on Clear Creek Spring-Run Chinook 
Salmon 
 
Proposed action-related effects to spring-run within Clear Creek are summarized in table 9-4.  
Detailed descriptions regarding the exposure, response, and risk of spring-run to these stressors 
are presented in section 6.2.   
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Table 9-4.  Summary of proposed action-related effects on Clear Creek spring-run. 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

immigration  
 
Delta 

Mar. – 
Sep. 

DCC gate 
closures 

Spring-run could be delayed in the Delta 
resulting in greater exposure to both the in-river 
sport fishery and contaminants (reduced egg 
fertility or reduced viability and motility of 
spermatocytes during spawning).   

Low Low - based on 
limited 
supporting data 

Reduced 
survival and 
reduced 
reproductive 
success 

2 Adult 
immigration  
 
RBDD 

Mar. – 
Sep. 

RBDD gate 
closures from 
May 15 – Sept. 
15 (plus 10 
days in April) 
force fish to 
use inefficient 
ladders 

~72 % of the spring-run that spawn upstream of 
RBDD are delayed by approximately 20 days on 
average, more energy consumed, greater pre-
spawn mortality, less fecundity 

High High - based on 
TCCA EIS/EIR 
on RBDD and 
CVP/SWP 
operations BA, 
including many 
historical cited 
studies 

Reduced 
reproductive 
success 

3 Adult 
immigration  
 
Clear Creek 

Mar. – 
Sep. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
during summer 
holding period 

Water temp control to Igo; possibly some pre-
spawn mortality in critically dry years when not 
enough cold water in Whiskeytown Lake 

High High - based on 
temperature data, 
USFWS reports, 
and CVP/SWP 
operations BA 

Reduced 
reproductive 
success 

4 Adult 
immigration  
 
Clear Creek 

Mar. – 
Sep. 

Lack of 
variable flows 
in spring and 
low summer 
flows ( 50 cfs), 
when b2 is 
unavailable 

Limited cues for upstream migration resulting 
from spring flows with little variation.  With low 
summer flows, adults are impeded from 
accessing upstream holding areas. 

High High - based on 
CVP/SWP 
operations BA 
(chpt 4) and 
CALSIM 
modeling runs 

Reduced 
reproductive 
success 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
5 Spawning 

 
Clear Creek 

Sep. - 
early 
Oct. 

Spawning area 
limited due to 
temperature 
management 
and limited 
spawning 
habitat 
availability 
down to Igo 
Gage 

Density dependency effects & redd 
superimposition; limited carrying capacity of 
stream will dictate population size; possible loss 
of some individuals that spawn below Igo 

Low currently 
- with potential 
to increase if 
gravel 
augmentation 
creates more 
spawnable 
habitat below 
the Igo gage.    

High - based on 
water temperature 
data and the 
CVP/SWP 
operations BA 

Reduced 
reproductive 
success and 
reduce 
survival  

6 Spawning 
 
Clear Creek 

Sep. - 
early 
Oct. 

Low summer 
flows (50 cfs), 
when b(2) is 
unavailable 

Adults spawn further downstream in less suitable 
conditions (i.e., in areas with relatively warm 
water temps.) 

High High - based on 
CVP/SWP 
operations BA 
(chpt 4)  

Reduced 
survival, 
Reduced 
reproductive 
success 

7 Embryo 
incubation 

Sep. – 
Dec. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
in September 
only for fish 
that spawn 
below TCP 
(Igo) 

Mortality varies with exceedance rate and 
number of redds; loss of some portion of those 
eggs; reduced chance of survival for fry 

High High - based on 
CVP/SWP 
operations BA 
models and 
laboratory 
evidence of 
temperature 
tolerances 

Reduced 
reproductive 
success 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
8 Juvenile 

rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration. 
 
Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 5 % of the spring-run ESU 
spawned above RBDD would be exposed to 
higher concentrations of predators when the gates 
are in (TCCA 2008). 

High High - based on 
mortality  studies 
at RBDD and 
timing of 
emigration from 
Clear Creek  
(Vogel et al. 
1988, Tucker 
1998, TCCA 
2008) 

Reduced 
survival 

9 Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 

10 Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, diversion 
pumps, and bypasses; sub lethal effects from 
going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Low  High - based on 
annual 
monitoring of fish 
screens 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11 Juvenile 

rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 

12 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  
  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced the 
quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 

High High - based on 
Co-manager 
review draft of 
Central Salmon 
Recovery Plan 
and CALFED 
funded Ecological 
Flow Tool model 
(Sac EFT) 

Reduced 
survival and 
reduced 
growth 

13 Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta. 
 
Few spring-run are expected to be in this area 
during the fall. 

Low  Low - based on 
lack of 
monitoring 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14a-e Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov-
June 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Project-related mortality is significant 
 (figure 9-3). 
 
Of the spring-run entering the interior of the 
Delta (through DCC or Georgiana Slough), 
mortality is estimated to be approximately 66% 
(range of 35-90% mortality) (Brandes and 
McClain 2001, Newman 2008, Perry and Skalski 
2008).   
 

High for 
yearlings 
 
Low for YOY  
 
 

Low to High (see 
below)  

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14a Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

DCC 
operations - 
open gate 
configurations 
from 
November 
through 
January 

Increased vulnerability of entrainment into the 
Delta interior where survival is considerably 
lower than within the Sacramento River 
mainstem.  Mandatory gate closure from Feb 1 
through end of May prevents entrainment into the 
DCC.  Yearling spring-run more vulnerable to 
effects of open DCC gates than YOY spring-run. 
 
Open gate configuration in December and 
January exposes approximately 3 % of the total 
spring-run ESU to entrainment into the DCC, but 
exposes a high proportion of yearling emigrants 
during this period (DWR 2005).  Yearlings have 
a higher likelihood of survival to adults and are 
more important to the population.  Hence a small 
loss can have a greater magnitude of effect.   

High for 
yearlings 
 
Low for YOY  
  

High – Numerous 
studies i.e., Delta 
Action 8, Delta 
Cross channel, 
and Delta Interior 
experiments 
confirm low 
survival of fish 
entrained into the 
delta interior.  
Acoustic tagging 
studies provide 
similar 
conclusions for 
survival within 
the delta interior.  

Reduced 
survival 
Reduced life 
history 
diversity 
 

14b Juvenile 
rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

Loss in interior 
Delta 

Diversion of emigrating fish into the Delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Isalnd) are observed for fish migrating through 
the Delta interior. 
 
Loss of up to 15 % of spring-run ESU entering 
the Delta based on modeling 

Medium  High – numerous 
studies find 
similar high loss 
rates for fish 
relased in the 
Delta interior. 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14c Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately 66 % of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85 % of the exposed fish.  The 
percentage of the ESU exposed is variable, 
typically less than 2-3 %, and frequently is much 
lower (0.5 %) based on salvage recovery 
estimates. 
 
Percentage of ESU actually arriving at the export 
facilities and entering the salvage process is low. 

Low  High - numerous 
studies have 
evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations 
survival  

Reduced 
survival 

14e Juvenile 
rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on salmon as well as shifts in useable 
habitat and food resources occur due to non-
native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have  increased the level of 
loss for fish emigrating through the Delta. 

High  Low to medium.  
Invasion of non-
native species 
into delta is well 
documented, 
interaction with 
salmonid 
populations is not 
as well 
documented 

Reducted 
survival, 
Reduced 
growth 

 481 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14f Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food web 
base, delay in migration through Delta due to 
altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics 
on organisms is 
not as well 
understood. 

Reduced 
survival, 
reduced 
growth 
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9.3.3.1.4  Assess Risk to Clear Creek Spring-Run Chinook Salmon 
 
The risk to Clear Creek spring-run is determined by effects to the population’s spatial structure 
(habitat), diversity, and abundance, and productivity.  As described in section 6, habitat 
conditions in Clear Creek, the Sacramento River, and the Delta are adversely affected by the 
proposed action in a number of ways, including, but not limited to:  (1) delaying adult 
immigration resulting from DCC and RBDD operations; (2) providing flows and water 
temperatures within Clear Creek under dry hydrologic conditions that are stressful to spring-run; 
(3) entraining juveniles into the Central and South Delta; and (4) entraining and impinging 
juveniles at the Jones and Banks pumping plants.  In these ways, the proposed action reduces the 
population’s current spatial structure (by reducing habitat quantity and quality), which increases 
the risk of extinction of the spring-run population.   
 
The spring-run population in Clear Creek (200 adults in 2008) represents a small, but important, 
part of the west side diversity group of the ESU.  However, of all the west side tributaries, Clear 
Creek has the highest abundance.  A loss of this population would significantly reduce the 
diversity of the entire spring-run population.  Under the proposed operations, the spring-run 
population is near the maximum capacity that can be maintained on Clear Creek, since spawning 
locations are limited in the upper reaches (i.e., 8 of 18 miles are confined to a narrow canyon).  
Therefore, even if flows were to be increased the amount of spawning habitat available to spring-
run would not increase significantly, unless gravel can be added.  The behavioral and genetic 
diversity of the spring-run population is expected to be negatively affected by the proposed 
action.  Spring-run that spawn further downstream where the channel is mostly alluvial are 
exposed to unsuitable over summer holding and spawning temperatures.  They are also more 
likely to hybridize with early returning fall-run.   
 
The population is likely to persist in most years, but experience higher mortality as it expands 
downstream due to the limited amount of suitable spawning and rearing habitat, thus reducing 
the likelihood of recovery.  High water temperatures in the lower reaches and continuation of a 
static flow pattern (i.e., 200 cfs throughout most the year) as proposed action will substantially 
limit the quantity and quality of habitat, thereby limiting the spatial structure of the spring-run 
population in Clear Creek.  Uncertainty in how b(2) water is applied and how Trinity River 
diversions will impact flows on Clear Creek increase the risk of extinction to this population.  An 
extended drought period lasting more than 3 years would compromise the spring-run 
population’s ability to persist, unless hatchery strays recolonizing the area below the dam.  Based 
on CALSIM modeling, there are 2 periods when drought conditions persist for up to 6 years.  In 
the future, due to climate change, drought conditions will likely occur more often and of greater 
severity 
 
Operation of the CVP/SWP negatively affects the diversity of Clear Creek spring-run and the 
proposed action is expected to continue these effects.  The operation of RBDD affects the 
temporal distribution of adult spring-run on their spawning migration to Clear Creek holding and 
spawning grounds.  Spawning run timing is considered a key diversity trait for salmon species 
(McElhany et al. 2000).  Based on recent population estimates (CVP/SWP operations BA page 
6-22), the abundance of spring-run spawners attempting to migrate upstream of RBDD accounts 



for about 10 percent of the entire run in the Sacramento River basin.  Of this 10 percent, 
approximately 70 percent attempt to migrate past RBDD after the gates are down, and therefore 
are delayed for an average of 21 days until they locate and navigate the fish ladders.  During low 
flow conditions, spring-run passage to upstream holding and spawning habitats in the tributaries 
may be impeded at falls, critical riffles and man-made segregation weirs intended to separate 
spring-run from fall-run, presumably forcing these fish to either back track and hold and spawn 
within the mainstem Sacramento River or remain in unsuitable lower tributary habitats.  Spring-
run that are delayed at RBDD and cannot access Clear Creek holding and spawning habitats as a 
result of low flows or the erection of a segregation weir may end up spawning with spring-run 
and fall-run originating from the mainstem Sacramento River.   
 
In addition to impacts to the spatial structure and diversity, the proposed action is expected to 
result in substantial mortality to spring-run juveniles, including those from Clear Creek.  Results 
from a recent study indicate that about 80 to 90 percent of Chinook salmon smolts die when 
migrating from the mainstem Sacramento River near Battle Creek through the San Francisco 
Estuary (Delta, Suisun, San Pablo, and San Francisco bays; MacFarlane et al. 2008).  This range 
was derived from an acoustic tagging study of hatchery-produced late fall-run released in the 
Sacramento River as smolts.  Mortality of Clear Creek spring-run migrating downstream through 
the system is most likely even higher than that which is reported for the late fall-run smolts 
because: (1) spring-run emigrate from Clear Creek as post-emergent fry and are generally less 
robust and more vulnerable to predation smolts; and (2) studies suggest that there is a positive 
relationship between juvenile salmon mortality and emigration distance (Anderson et al. 2005, 
MacFarlane et al. 2008).  Fish leaving Clear Creek must travel about 18 miles further in the 
Sacramento River, than the fish in the MacFarlane et al. (2008) study, which were released near 
the mouth of Battle Creek (and at 2 other downstream locations).   
 
Although the survival data presented in MacFarlane et al. (2008) includes natural and 
anthropogenic sources of mortality, much of this mortality is believed to be attributed to 
proposed action-related effects.  For example, as described in section 6.6, project-related 
entrainment into the Central and South Delta greatly increases the risk of mortality from direct 
(entrainment and impingement at the pumps) and indirect (predation) effects (figure 9-3).   
 
In addition, proposed action-related loss of juveniles passing RBDD may be an important source 
of mortality to Clear Creek spring-run.  Spring-run emigrate from Clear Creek primarily as post 
emergent fry during December and January and if those emigrants continued moving 
downstream without rearing in the mainstem Sacramento River for an extended period of time 
they would encounter RBDD when the gates are out, and thus would not be subject to higher 
mortality.  However, if the post-emergent fry leaving Clear Creek rear over the winter and spring 
in the mainstem Sacramento River above RBDD and emigrate from May through September, 
they would encounter RBDD when the gates are in, in which case, they would be more 
susceptible to predation.    
 
In the year 2019, modifications to RBDD operations will be implemented such that the gates will 
be in for about 2½ months per year, instead of the current practice of about 4 months per year.  
Although this modification will lessen the adverse effects of RBDD on spring-run populations 
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which occur above the dam, such as Clear Creek, the dam will likely remain to function as a 
stressor to these fish on their upstream and/or downstream migrations.     
 
Due to habitat restoration efforts in Clear Creek, the spring-run population has been growing 
over the past 15 years from essentially zero fish in the early 1990s up to nearly 200 in 2007.  It is 
uncertain how long this population will continue on its current positive trajectory.  However, the 
proposed Project’s effects on the habitat conditions, diversity, and abundance of Clear Creek 
spring-run are expected to reduce or limit the population’s growth rate over the next 21 years.  
NMFS expects that the adverse affects will increase as the proposed action advances to full build 
out.    
 
All of the above factors which reduce the spatial structure, diversity, abundance, and productivity 
of Clear Creek spring-run, compromise the capacity for this population to respond and adapt to 
environmental changes.  Future projections over the duration of the proposed action (i.e., through 
2030), considering both increasing water demands and climate change, exacerbate risks 
associated with continuation of the proposed action, further increasing the risk to the population.   
 
9.3.3.2  Cottonwood/Beegum and Thomes Creek Spring-Run Chinook Salmon  
 
Returning adult spring-run population size in Beegum Creek has generally ranged from tens up 
to a few hundred fish and even fewer spring-run return to Thomes Creek.  Clearly, both of these 
populations fall into the high risk of extinction category based on abundance (see table 4-3).   
 
The general baseline stress regime for Chinook salmon in the freshwater, estuarine, and marine 
environment is depicted in figure 9-1.  More specifically, baseline stressors to spring-run in 
Thomes Creek include high water temperatures, low flows, water diversions and associated 
seasonal diversion dams, gravel mining, and other habitat alterations such as levee construction 
and bank protection actions (i.e., rip rapping).  In the Cottonwood/Beegum watershed, baseline 
stressors include high water temperatures, low flows, diversions, and gravel mining.   
 
The proposed action will affect Beegum Creek and Thomes Creek spring-run every year through 
2030 when these fish are migrating upstream through the Delta and Sacramento River as adults 
and as juveniles migrating downstream through these areas.  The proposed action stressors for 
these life stages and locations for spring-run from Beegum and Thomes creeks are similar to the 
stressors described for Clear Creek spring-run in table 9-4 (except spring-run in Thomes Creek 
are not exposed to the stressors of RBDD, as Thomes Creek enters the Sacramento River 
downstream of the Sacramento River).  Specifically, the DCC affects the adult immigration life 
stage and RBDD delays adult spring-run for an average of 21 days during the middle portion of 
their upstream migration.  These delays decrease the probability that spring-run returning to 
tributaries above RBDD will encounter potentially critical riffles when spring run-off flows are 
high enough for salmon to successfully pass them.  Also, the survival of juvenile spring-run 
migrating downstream from Beegum and Thomes creeks is expected to be reduced by proposed 
action-related factors in the Delta, as well as by RBDD, depending on whether outmigrants 
encounter the dam while the gates are in.  Considering the extremely small spring-run population 
sizes in these creeks, and the 21 year duration of the proposed Project, proposed project actions 
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(i.e., DCC, RBDD, and direct and indirect loss in the Delta) will likely have population-level 
consequences for both of these populations.   
 
9.3.4  Basalt and Porous Lava Diversity Group 
 
9.3.4.1  Mainstem Sacramento River Spring-Run Chinook Salmon 
 
9.3.4.1.1  Status of Mainstem Sacramento River Spring-Run Chinook Salmon 
 
There are few data available to describe the population size of spring-run spawning in the 
mainstem of the Sacramento River.  Counts of spring-run passing upstream of RBDD have been 
made since 1969, but these fish may have spawned in one of several systems which support 
spring-run populations, including Clear Creek, Cottonwood/Beegum Creek, Battle Creek, or the 
mainstem Sacramento River.  As such, the abundance of adults returning to spawn in the 
mainstem Sacramento River cannot be estimated from monitoring at RBDD.   
 
General information on the abundance of adult spring-run spawning in the mainstem Sacramento 
River may be inferred from redd survey monitoring.  Since 1995, Chinook salmon redd survey 
data from the mainstem Sacramento River have been collected by CDFG.  These data, although 
not collected with consistent sampling methods from year to year, do provide some indication of 
the number of spring-run redds constructed in the mainstem Sacramento River.  In general, 
newly constructed salmon redds observed in September have been classified as spring-run, 
whereas August redds are classified as winter-run and October redds are classified as fall-run.  
Redd-based spawning population estimates generally require information on the number of redds 
counted, the number of redds per female, and the ratio of males per female in the river.  The 
number of putative spring-run redds has ranged from 11 to 105 since 1995, with a median value 
of about 30 redds (unpublished data from CDFG).  Chinook salmon females reportedly utilize 
one redd, increasing the size of the redd in an upstream direction as the spawning season 
progresses (Healey 1991).  McReynolds et al. (2007) reported a female-to-male sex ratio of 
about 3 to 1 for spring-run spawning in Butte Creek.  Similarly, the sex ratio of winter-run 
spawners is generally 3 females for every male.  Applying these redd per female and sex ratio 
observations to the range of mainstem Sacramento River spring-run redds that have been 
observed, results in a rough approximation of abundance ranging from 15 to 140 fish.  Spawner 
abundance estimates at these levels places the mainstem Sacramento River spring-run population 
at high risk of extinction based on the population size criteria described in Lindley et al. (2007). 
 
9.3.4.1.2  Future Baseline of Mainstem Sacramento River Spring-Run Chinook Salmon 
Excluding CVP/SWP Effects 
 
The general baseline stress regime for mainstem Sacramento River spring-run in the freshwater, 
estuarine, and marine environment is depicted in figure 9-1.  More specifically, baseline stressors 
to spring-run within the mainstem Sacramento River include a loss of spatial separation from 
fall-run resulting from the presence of Keswick and Shasta dams.  Historically, spring-run 
spawned at higher elevations than fall-run.  This inability to migrate to higher elevation holding 
and spawning habitat, coupled with an overlap in the temporal distribution of spring-run and fall-
run spawning, has led to introgression between these runs.  In addition, because spring-run and 
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fall-run now must use the same spawning habitat, spring-run likely have suffered greater 
mortality at the embryo incubation life stage.  The spring-run spawning period begins earlier 
than that of fall-run.  Thus, embryos incubating in spring-run redds are vulnerable to disturbance 
when the fall-run returns to the spawning grounds and begins moving gravels around for redd 
construction.  Incubating embryos are sensitive to physical disturbance, particularly during the 
early part of incubation. 
 
9.3.4.2  Summary of Proposed Action Effects on Mainstem Sacramento River Spring-Run 
Chinook Salmon 
 
Proposed action-related effects to spring-run within the mainstem Sacramento River are 
summarized in table 9-5.  Detailed descriptions regarding the exposure, response, and risk of 
spring-run to these stressors are presented in section 6. 
  
9.3.4.1.4  Assess Risk to Mainstem Sacramento River Spring-Run Chinook Salmon 
 
Population viability is determined by four parameters: spatial structure, diversity, abundance, and 
productivity (growth rate).  Both population spatial structure and diversity (behavioral and 
genetic) provide the foundation for populations to achieve abundance levels at or near potential 
carrying capacity and to achieve stable or increasing growth rates.  Spatial structure on a 
watershed scale is determined by the availability, diversity, and utilization of properly 
functioning conditions (habitats) and the connections between such habitats.  Properly 
functioning condition defines the inland habitat conditions necessary for the long-term survival 
of Pacific salmon populations.  As described in section 6, habitat conditions in the Sacramento 
River and the Delta are negatively affected by the proposed action in a number of ways, 
including, but not limited to:  (1) delaying adult immigration through the DCC and RBDD 
operations; (2) providing water temperatures that are stressful to spring-run; (3) entraining 
juveniles into the Central and South Delta; and (4) changing the Delta from a natural, variabale 
salinity system to an unnatural freshwater system with a more abundant predator community.  In 
these ways, the proposed action reduces the population’s current spatial structure (by reducing 
habitat quantity and quality), which increases the risk of extinction of the mainstem Sacramento 
River spring-run population.   
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Table 9-5.  Summary of proposed action-related effects on mainstem Sacramento River spring-run. 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

immigration  
 
Delta 

Mar. – 
Sep. 

DCC gate 
closures 

Spring-run could be delayed in the Delta 
resulting in greater exposure to both the in-river 
sport fishery and contaminants (reduced egg 
fertility or reduced viability and motility of 
spermatocytes during spawning).   

Low Low based on 
limited 
supporting data 

Reduced 
survival and 
reduced 
reproductive 
success 

2 Adult 
immigration 
 
RBDD 

Mar. – 
Sep. 

RBDD gate 
closures from 
May 15 – Sept. 
15 (plus 10 
days in April) 
force fish to 
use inefficient 
ladders 

~72% of the spring-run that spawn upstream of 
RBDD are delayed by approximately 20 days on 
average, more energy consumed, greater pre-
spawn mortality, less fecundity 

High High based on 
TCCA EIS/EIR 
on RBDD and 
CVP/SWP 
operations BA, 
including many 
historical cited 
studies 

Reduced 
reproductive 
success 

3 Spawning 
 
Sacramento 
River 

Sep. – 
Oct. 

No temporal 
separation 
between 
spring-run and 
fall-run 
spawning due 
to delays at 
RBDD (no 
spatial 
separation due 
to Keswick 
and Shasta 
dams) 

Introgression -Hybridization with fall run and 
competition for habitat  

High High based on 
RBDD genetics 
report (USFWS 
2008b) 

loss of genetic 
integrity and 
expression of 
life history 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Embryo 

incubation 
Sep. – 
Dec.  

Water 
temperatures 
warmer than 
life history 
stage 
requirements, 
during 
September and 
October 

Under near-term operations (Study 7.1) mortality 
is expected to range from approximately 9% in 
wet years up to approximately 66 % in critically 
dry years, with an average of approximately 21 
% over all water year types; under modeled 
climate change projections, average egg 
mortality over all water year types is expected to 
be 50 % and during the driest 15 % of years is 
expected to be 95 %.  Sub-lethal effects, such as 
developmental instability and related structural 
asymmetry have been reported to occur to 
salmonids incubated at warm water temperatures 
(Turner et al. 2007, Myrick and Cech 2001, 
Campbell et al. 1998).  These sub-lethal effects 
decrease the chance of spring-run to survive 
during subsequent life stages (Campbell et al. 
1998).  Campbell et al. (1998) concluded that 
chronic thermal stress produced both selectively 
lethal and sub-lethal effects that increased 
structural asymmetry and directly decreased 
salmon fitness. 

High High based on 
past exceedances 
of temp. criteria 
(see figure 6-14 
in CVP/SWP 
operations BO)  

Reduced 
survival  

5 Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration. 
 
Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 5 percent of the spring-run ESU 
that is spawned above RBDD would be exposed 
to higher concentrations of predators when the 
gates are in (TCCA 2008). 

High High - based on 
mortality  studies 
at RBDD and 
timing of 
emigration from 
Clear Creek  
(Vogel et al. 
1988; Tucker 
1998; TCCA 
2008) 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
6 Juvenile 

rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 

7 Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, diversion 
pumps, and bypasses; sub lethal effects from 
going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Low  High - based on 
annual 
monitoring of fish 
screens 

Reduced 
survival 

8 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
9 Juvenile 

rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  
  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced the 
quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 
 

High High - based on 
Co-manager 
review draft of 
Central Valley 
Salmon Recovery 
Plan and 
CALFED funded 
Ecological Flow 
Tool model (Sac 
EFT) 

Reduced 
survival and 
reduced 
growth 

10 Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta. 
 
Few spring-run are expected to be in this area 
during the fall. 

Low  Low - based on 
lack of 
monitoring 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11a-e Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Project-related mortality is significant. 
Of the spring-run entering the interior of the 
Delta (through DCC or Georgiana Slough), 
mortality is estimated to be approximately 66 % 
(range of 35-90 % mortality) (Brandes and 
McClain 2001; Newman 2008; Perry and Skalski 
2008). 

High  Low to High (see 
below)  
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11a Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

DCC 
operations - 
open gate 
configurations 
from 
November 
through 
January 

Increased vulnerability of entrainment into the 
Delta interior where survival is considerably 
lower than within the Sacramento River 
mainstem.  Mandatory gate closure from Feb 1 
through end of May prevents entrainment into the 
DCC.  Yearling spring-run are more vulnerable 
to the effects of open DCC gate than YOY 
spring-run. 
 
Open gate configuration in December and 
January exposes approximately 3 % of spring-run 
ESU to entrainment into the DCC, but exposes a 
high proportion of yearling emigrants during this 
period. 

Low High – Numerous 
studies i.e., Delta 
Action 8, Delta 
Cross channel, 
and Delta Interior 
experiments 
confirm low 
survival of fish 
entrained into the 
delta interior.  
Acoustic tagging 
studies provide 
similar 
conclusions for 
survival within 
the delta interior 

Reduced 
survival 
Reduced life 
history 
diversity 
 

11b Juvenile 
rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Loss in interior 
Delta 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Isalnd) are observed for fish migrating through 
the Delta interior. 
 
Loss of up to 15 % of spring-run ESU entering 
the Delta based on modeling 

Medium  High – numerous 
studies find 
similar high loss 
rates for fish 
relased in the 
Delta interior. 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11c Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85 % of the exposed fish.  The 
percentage of the population exposed is variable, 
typically less than 2-3 %, and frequently is much 
lower (0.5 %) based on salvage recovery 
estimates. 
 
Percentage of population actually arriving at the 
export facilities and entering the salvage process 
is low. 

Low  High- numerous 
studies have 
evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations 
survival  

Reduced 
survival 

11d Juvenile 
rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on salmon as well as shifts in useable 
habitat and food resources occur due to non-
native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have increased the level of 
loss for fish emigrating through the Delta. 

High  Low to medium.  
Invasion of non-
native species 
into delta is well 
documented, 
interaction with 
salmonid 
populations is not 
as well 
understood 

Reducted 
survival, 
Reduced 
growth 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11e Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food web 
base, delay in migration through Delta due to 
altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics 
on organisms not 
as well studied. 

Reduced 
survival, 
reduced 
growth 

12 All stages Not 
applica
ble 

Nimbus 
Hatchery fall-
run production 
straying to 
mainstem 
Sacramento 
River 

Competition for habitat and hybridization with 
hatchery fall-run 

Low Low because 
Nimbus fall-run 
have historically 
not been marked, 
so the degree of 
straying to 
spring-run 
habitats is not 
well understood 

Reduced 
fitness of wild 
fish 
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Operation of the CVP and SWP negatively affects the diversity of spring-run in the mainstem 
Sacramento River, and the proposed action is expected to continue these effects.  The operation 
of the DCC and RBDD affects the temporal distribution of adult spring-run on their spawning 
migration to mainstem Sacramento River spawning grounds.  Spawning run timing is considered 
a key diversity trait for salmon species (McElhany et al. 2000).  Based on recent population 
estimates (CVP/SWP operations BA page 6-22), the abundance of spring-run spawners 
attempting to migrate to the mainstem Sacramento River spawning grounds and to tributaries 
(e.g., Cottonwood/Beegum, Clear, and Battle creeks) upstream of RBDD accounts for about 10 
percent of the entire run in the Sacramento River.  Of this 10 percent, approximately 70 percent 
attempt to migrate past RBDD after the gates are down, and therefore are likely delayed until 
they locate and navigate the fish ladders.  During low flow conditions, spring-run passage to 
upstream holding and spawning habitats in the tributaries may be impeded at falls or critical 
riffles, presumably forcing these fish to either back track and hold and spawn within the 
mainstem Sacramento River or remain in highly unsuitable habitats in the tributaries.  Spring-run 
that are delayed at RBDD and cannot access tributary spawning habitats as a result of low flows 
may end up spawning with spring-run and fall-run originating from the mainstem Sacramento 
River, which continues the pattern of genetic introgression and hybridization that has occurred 
since RBDD was built in the late 1960s (CDFG 1988, NMFS 2004b, TCCA 2008).   
 
In addition to impacts to the spatial structure and diversity, the proposed action is expected to 
result in substantial mortality to spring-run juveniles, including those produced in the mainstem 
Sacramento River.  Results from a recent study indicate that about 80 to 90 percent of Chinook 
salmon smolts die when migrating from the mainstem Sacramento River near Battle Creek 
through the San Francisco Estuary (Delta, Suisun, San Pablo, and San Francisco bays; 
MacFarlane et al. 2008).  Mortality of spring-run that are naturally-produced within the 
Sacramento River, which must avoid predators immediately upon emerging from spawning 
gravels as fry, is most likely higher than the mortality reported for the late fall-run smolts based 
on size-related differences in vulnerability to predation (i.e., fry are more vulnerable to predation 
than smolts).  Although the survival data presented in MacFarlane et al. (2008) includes natural 
and anthropogenic sources of mortality, much of this mortality is believed to be attributed to 
proposed action-related effects.  For example, Project-related entrainment into the Central and 
South Delta greatly increase the risk of mortality from direct (entrainment and impingement at 
the pumps) and indirect (predation) effects (figure 9-3).  
 
All of the above factors which reduce the spatial structure, diversity, and abundance of mainstem 
Sacramento River spring-run, compromise the capacity for this population to respond and adapt 
to environmental changes.  Future projections over the duration of the proposed action (i.e., 
through 2030), considering both increasing water demands and climate change, exacerbate risks 
associated with continuation of the proposed action, further increasing the risk of the population. 
 
In the Sacramento River, comparing climate change scenarios (Study 9.0 base vs Study 9.5 drier, 
more warming) shows that average spring-run mortality increases from 20 percent to 55 percent 
(figure 6-20).  EOS carryover storage at Shasta is less than 1.9 MAF during average dry years 
(1928 to 1934) in all scenarios except Study 9.2 wetter, less warming (CVP/SWP operations BA 
table 9-23).  Under these conditions, spring-run would experience a loss of spawning habitat, as 



water temperatures below dams becomes harder to control and the cold water pool in Shasta 
diminishes.   
 
9.3.4.3  Battle Creek Spring-Run Chinook Salmon 
 
Returning adult spring-run population size in Battle Creek has generally ranged from tens up to a 
few hundred fish, placing the population at a high risk of extinction based on abundance (see 
table 4-3).   
 
The general baseline stress regime for Chinook salmon in the freshwater, estuarine, and marine 
environment is depicted in figure 9-1.   
 
The proposed action affects Battle Creek spring-run when these fish are migrating upstream 
through the Delta and Sacramento River as adults and as juveniles migrating downstream 
through these areas.  The proposed action stressors for these life stages and locations for spring-
run from Battle Creek are the same stressors described above for mainstem Sacramento River 
spring-run in table 9-5.  That is, the DCC and RBDD adversely affect adult immigration and 
proposed action-related factors in the Delta decrease juvenile/smolt survival.  RBDD delays 
adult spring-run during the middle portion of their upstream migration for about 21 days.  This 
delay exposes spring-run to thermally stressful conditions, which may result in prespawn 
mortality, reduce overall fecundity, or reduce egg viability (EPA 2001).  Considering the 
extremely small spring-run population sizes in Battle Creek, along with the effect of the DCC 
and RBDD on upstream migration and the magnitude of proposed action-related loss of juvenile 
Chinook salmon migrating through the Delta (figure 9-3), it is likely that the proposed action 
also has population-level effects for this population.   
 
9.3.5  Northern Sierra Nevada Diversity Group 
 
9.3.5.1  Antelope, Mill, Deer, Big Chico, and Butte Creeks and Yuba River Spring-Run 
Chinook Salmon 
 
Antelope, Mill, Deer, Big Chico, and Butte creeks and the Yuba River enter the Sacramento 
River below RBDD and thus, spring-run returning to those watersheds are not affected by the 
dam.  The baseline stress regime for these spring-run populations includes all non-CVP/SWP 
stressors that were previously described (see figure 9-1) as well as stressors within each 
watershed, such as high water temperatures and agricultural diversions that diminish instream 
flows, act as passage impediments for adult immigration, and entrain juveniles as they rear and 
migrate downstream.  The spring-run produced in these watersheds are also expected to be 
adversely affected by the effects of the proposed action in the Delta, as they are migrating 
upstream as adults or downstream as juveniles.  Given that these watersheds do not contain any 
CVP or SWP facilities, hatcheries, or other direct effects from the proposed action, it is less 
likely that the proposed action will have population-level effects as compared to watersheds 
above RBDD (e.g., Battle, Beegum and Clear Creeks).  Nevertheless, the abundance of every 
spring-run population within the Northern Sierra Nevada diversity group is expected to be 
reduced by proposed action-related factors in the Delta. 
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9.3.6  Assess Risk to the Central Valley Spring-Run Chinook Salmon ESU 
 
As previously stated, the spring-run ESU is currently likely to become endangered within the 
foreseeable future in large part because:  (1) the ESU is currently composed of only one diversity 
group containing extant independent populations; (2) habitat elimination and modification 
throughout the Central Valley have drastically altered the ESU’s spatial structure and diversity; 
and (3) the ESU has a risk associated with catastrophes, especially considering the remaining 
independent populations’ proximity to Mt. Lassen and the probability of a large scale wild fire 
occurring in those watersheds (Lindley et al. 2007).  In addition, population growth rate (lamda) 
declined under all climate change scenarios considered by Crozier et al. (2008).  The risk of 
dropping below the lowest historical level of abundance shifted from a range of 6-36 percent in 
the current climate to 54-86 percent in the drier hotter climate (Crozier et al. 2008).  Maintaining 
habitat diversity could potentially help buffer against the impacts of climate change (Lindley et 
al. 2009).  The proposed action does not improve any of these factors.  Our VSP analysis at the 
population and diversity group scales show that the proposed action reduces the viability of 
every extant spring-run population and diversity group.  Thereefore, the viability of the ESU is 
expected to be significantly reduced with implementation of the proposed action.   
 
Given the evidence of the reduction in numbers, reproduction and/or distribution of the species, 
NMFS concludes that Reclamation has not ensured that the proposed action is not likely to 
appreciably reduce the likelihood of viability, and therefore the likelihood of both the survival 
and recovery of the Central Valley spring-run Chinook salmon ESU (table 9-6). 
 
Table 9-6.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the Central 
Valley Spring-Run Chinook Salmon ESU.  Application of Key Evidence is Provided in Italics.  Each selected 
decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to Not Likely to 
Adversely Affect (NLAA) and Not Likely/Likely to Jeopardize (NLJ/LJ).   
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River and Clear 
Creek flow regulation disrupting natural river function and morphology;  (3) warm 
water temperatures in the mainstem Sacramento River and Clear Creek; and (4) 
modified Delta hydrology associated with export operations (e.g., pulling water 
towards the Federal and State pumping plants). 

False Go to 
B 

B 

CV spring-run are not likely to be exposed to one or more of those stressors or 
one or more of the direct or indirect consequences of the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to delay 
~70% of the spring-run adults that spawn upstream of RBDD (i.e., approximately 
10% of the total run size returning to the Sacramento River) and ~5% of spring-run 
juveniles emigrating past RBDD would be exposed to greater predation.  (2) All 

True NLAA 
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 freshwater life stages of Sacramento River and Clear Creek spring-run will be 
exposed to regulated flows and their effects on river processes and morphology 
every year through 2030.  (3) Each year through 2030, Clear Creek and mainstem 
Sacramento River spring-run are expected to be exposed to water temperatures 
warmer than life stage requirements during egg incubation.  (4) As water is moved 
from the north Delta to the export facilities in the south Delta, each year through 
2030, spring-run juveniles will have increased exposure to an abundant predator 
community, an aquatic environment degraded by pesticides and contaminants, and 
direct entrainment at the Federal and State pumping plants. 

False Go to 
C 

True NLAA 

C 

CV spring-run are not likely to respond upon being exposed to one or more of 
the stressors produced by the proposed action. 
Key Evidence:  (1) Delayed upstream migration at RBDD causes individual adults to 
consume more energy, which limits the amount of energy available for reproduction, 
resulting in the deposition of fewer and/or less viable eggs.  Mortality of juvenile 
salmon migrating downstream past RBDD reportedly ranges from 5 to 50 %.  (2) 
Loss of natural river function resulting from flow regulation in the Sacramento River 
and in Clear Creek has reduced the quality and quantity of rearing and migratory 
habitats, thereby reducing the growth and survival of individual spring-run juveniles 
in those systems.  (3) .Under near-term operations (Study 7.1) spring-run egg 
mortality from exposure to warm water temperatures in the mainstem Sacramento 
River is expected to range from approximately 9% in wet years up to approximately 
66% in critically dry years, with an average of approximately 21% over all water 
year types; under modeled climate change projections, average egg mortality over 
all water year types is expected to be approximately 50 % and during the driest 15 
% of years is expected to be approximately 95%.  In addition to mortality, individual 
spring-run from the mainstem Sacramento River are expected to experience sub-
lethal effects during the egg incubation life stage resulting from exposure to warm 
water temperatures.  Individual Clear Creek spring-run are expected to experience 
lethal and sub-lethal effects due to warm water temperatures during the adult 
immigration and holding, and egg incubation life stages. (4) Mortality of spring-run 
juveniles that enter the Delta interior is expected to range from 35 to 90%, resulting 
in the loss of approximately 5-16 percent of the entire ESU.   

False Go to 
D 

True NLAA 

D 

Any responses are not likely to constitute “take” or reduce the fitness of CV 
spring-run that have been exposed. 
Key Evidence: (1) The reduction in energy available for egg production associated 
with delayed upstream migration at RBDD reduces the fitness of individuals by 
reducing their reproductive capacity; RBDD operations are expected to increase 
“take” of spring-run juveniles migrating downstream.  (2) “Take”of spring-run 
individuals in the form of reduced growth and survival is expected due to the loss of 
natural river function associated with flow regulation in the Sacramento River and 
in Clear Creek.  (3) and (4)  As described in step C, “take” of spring-run 
individuals, in the form of mortality and sub-lethal effects, is expected particularly 
during the egg incubation (water temperature effects) and juvenile rearing/smolt 
emigration (predation and entrainment in the Delta) life stages. 
 

False Go to 
E 

True NLJ 

E 

Any reductions in individual fitness are not likely to reduce the viability of the 
populations those individuals represent. 
Key Evidence:  The cumulative effects of RBDD operations, flow regulation, warm 
water temperatures, project-related impacts in the Delta, and other project-related 
stressors (see tablse 9-4 and 9-5) are expected to sufficiently reduce the survival 
and/or reproductive success of spring-run individuals at multiple life stages every 
year through 2030 such that key population parameters (i.e. spatial structure, 
diversity, and abundance) are appreciably reduced for all extant spring-run 
populations.  Reductions in these parameters over the next 21 years will likely 
reduce the viability of every extant spring-run population.   

False Go to 
F 
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True NLJ 

F 

Any reductions in the viability of the exposed populations are not likely to 
reduce the viability of CV spring-run. 
Key Evidence: Considering the greatly diminished status of the CV spring-run ESU, 
NMFS assumes that if a population-level effect on any of the populations within the 
ESU is expected from implementation of the proposed action, then a species-level 
effect will be expected as well.  The proposed action reduces the viability of every 
extant spring-run diversity group and population.  Therefore, the viability of the 
ESU is expected to be significantly reduced with implementation of the proposed 
action. 

False LJ 

 
9.4  Central Valley Spring-Run Chinook Salmon Critical Habitat 
 
9.4.1  Status of Central Valley Spring-Run Chinook Salmon Critical Habitat 
 
Critical habitat for spring-run is composed of primary constituent elements that are essential for 
the conservation of the species including, but not limited to, spawning habitat, rearing habitat, 
migratory corridors, and estuarine areas.  Most of the historic spawning and rearing habitat for 
spring-run is above impassable dams23 as is the case for the Sacramento, Feather, Yuba, 
American, Mokelumne, Stanislaus, Tuolumne, Merced, and San Joaquin rivers.  Due to this 
habitat elimination, current spring-run spawning habitat largely occurs in areas that historically 
functioned as either rearing habitat or migratory corridors for spring-run, or spawning habitat for 
fall-run.  The quality of spawning habitat used by spring-run in the Central Valley is diminished 
when fall-run, which spawn later than but still during spring-run spawning, arrive at the 
spawning grounds and physically disturb spring-run redds during their redd construction.  This 
competition for spawning habitat between spring-run and fall-run, which was created by dam 
construction, occurs on several Central Valley rivers, including the mainstem Sacramento River.  
Spawning habitat for spring-run in the mainstem Sacramento River is often negatively affected 
by operation of the CVP through warm water releases from Shasta Reservoir.  Additionally, the 
status of spring-run critical habitat is degraded by CVP operations and infrastructure such as the 
DCC and RBDD. 
 
Substantial habitat degradation and alteration also has affected the rearing, migratory, and 
estuarine areas used by spring-run.  Some general examples of how spring-run critical habitat has 
been degraded include the loss of natural river function and floodplain connectivity through 
levee construction, direct loss of floodplain and riparian habitat, and effects to water quality 
associated with agricultural, urban, and industrial land use.  One specific example of degradation 
to estuarine habitats used by spring-run is that human activities in the San Francisco Bay-Delta 
Estuary have caused the loss or conversion of more than 500,000 acres of tidal wetlands and 
thousands of acres of shoreline and stream habitat 
(http://sfep.abag.ca.gov/pdfs/fact_sheets/SF_Bay_Delta_Estuary.pdf).  Perhaps the most striking 
indication that the status of estuarine habitats used by spring-run has been degraded is the 
collapse of the pelagic community in the Delta that has been observed in recent years (Sommer 
et al. 2007).  It is not immediately clear how the changes in the Delta ecosystem affect spring-
run, but it is certain that substantial changes to spring-run estuarine habitat are occurring.  It 
should be noted that the area in which the pelagic organism collapse is occurring does overlap 

                                                 
23 All critical habitat for spring-run occurs below impassable barriers.   
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with spring-run critical habitat in the Delta, but the area of collapse also occurs in areas of the 
Delta that are not designated as spring-run critical habitat.   
 
Due to past and present day effects to spring-run habitat, the current condition of spring-run 
critical habitat is considered to be highly degraded, and does not provide the conservation value 
necessary for the survival and recovery of the species.    
 
9.4.2  Northwestern California Diversity Group 

 
9.4.2.1  Spring-Run Chinook Salmon Critical Habitat in Clear Creek 
 
9.4.2.1.1  Status of Spring-Run Chinook Salmon Critical Habitat in Clear Creek 
 
Whiskeytown Dam at RM 18.1 is an impassable barrier to adult anadromous salmonids and 
marks the upstream extent of potential spring-run habitat.  Prior to 2000, the McCormick-
Saeltzer Dam presented a barrier to upstream migration for anadromous salmonids.  Following 
removal of the Dam in 2000, access to approximately 12 miles of coldwater habitat upstream to 
Whiskeytown Dam was restored.  The construction of Whiskeytown Dam, gold mining, and 
significant gravel mining in the Clear Creek watershed has diminished the availability and 
recruitment of suitable spawning gravels.  Gravel injection projects are conducted to make up for 
this loss of spawning gravel recruitment, but limited spawning habitat availability is a problem in 
Clear Creek.   
 
Currently the release schedule from Whiskeytown Dam calls for flows of 200 cfs from October 1 
to June 1 and 150 cfs, or less, from July through September in order to maintain water 
temperatures below 60°F.  Under dry and warm climate conditions, water temperatures above 
60° F occur in Clear Creek.  Lindley et al. (2004) suggested that Clear Creek appears to offer 
habitat of marginal suitability to spring-run, having limited area at higher elevations and being 
highly dependent on rainfall. 
 
9.4.2.1.2  Project Effects on Spring-Run Chinook Salmon Critical Habitat in Clear Creek 
 
The proposed action adversely affects Clear Creek spring-run critical habitat in a few ways.  As 
shown in table 9-4 above, the proposed action is expected to produce stressors to habitats within 
Clear Creek used for spring-run adult immigration and holding, spawning, and egg incubation.  
Those stressors include warm water temperatures, and low summer flows.  Under dry and warm 
climate conditions, the proposed action is expected to provide water temperatures warmer than is 
required for successful holding, spawning and egg incubation.   
 
9.4.2.1.3  Assess Risk to Spring-Run Chinook Salmon Critical Habitat in Clear Creek 
 
At least six factors, when considered concurrently, suggest that implementation of the proposed 
action is expected to place critical habitat for Clear Creek spring-run at considerable risk.  First, 
Clear Creek habitat below Whiskeytown Dam is believed to be of marginal suitability for spring-
run (Lindley et al. 2004).  Records reviewed by Yoshiyama et al. (1996) do not suggest that 
spring-run were historically abundant in Clear Creek indicating limitations to the quantity and/or 
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quality of habitat even before the construction of Whiskeytown Dam (Lindley et al. 2004).  
Third, climate change is expected to further degrade the suitability of habitats in the Central 
Valley through increased temperatures, increased frequency of drought, increased frequency of 
flood flows, and overall drier conditions (Lindley et al. 2007).  Fifth, under current usage 
practices, human population growth will place an increasing demand on limited water supplies, 
potentially exacerbating adverse effects to spawning, rearing, migratory, and estuarine habitats.  
Lastly, the proposed action is expected to produce stressors every year for the next 21 years that 
will decrease the conservation value of these habitats (see table 9-4). 
 
9.4.2.2  Spring-Run Chinook Salmon Critical Habitat in Cottonwood/Beegum and Thomes 
Creeks 
 
Like Clear Creek, Cottonwood/Beegum and Thomes creeks appear to offer habitat of marginal 
suitability to spring-run Chinook salmon, having limited area at higher elevations and being 
highly dependent on rainfall, instead of snowmelt like the Sierra watersheds (Lindley et al. 
2004).  It is also worth noting that Cottonwood/Beegum, Thomes, and Clear creeks are on the 
east side of the coast range and, thus, lie in that mountain range’s rain shadow (Lindley et al. 
2004).  Unlike Clear Creek, Cottonwood/Beegum and Thomes creeks do not have a large 
reservoir constructed on them, and thus are characterized by a more natural hydrograph.  Water 
temperatures are generally warmer and flows are generally lower on these creeks than on Clear 
Creek.  Spring-run critical habitat in Thomes Creek is degraded by high water temperatures, low 
flows, water diversions and associated seasonal diversion dams, gravel mining, and other habitat 
alterations such as levee construction and bank protection actions (i.e., rip rapping).  In the 
Cottonwood/Beegum watershed, critical habitat is degraded by high water temperatures, low 
flows, diversions, and gravel mining. 
 
9.4.3  Basalt and Porous Lava Diversity Group 

 
9.4.3.1  Spring-Run Chinook Salmon Critical Habitat in the Mainstem Sacramento River 
 
9.4.3.1.1  Status of Spring-Run Chinook Salmon Critical Habitat in the Mainstem 
Sacramento River 
 
Within the range of the spring-run ESU, biological features of the designated critical habitat that 
are considered vital for spring-run include freshwater spawning sites, freshwater rearing sites, 
freshwater migration corridors, and estuarine areas.  As generally described above in section 
9.4.1, the status of critical habitat in each of these biological features is considered to be highly 
degraded, particularly with respect to habitats within the mainstem Sacramento River.  The 
quality of spawning habitat used by spring-run in the mainstem Sacramento River is diminished 
when fall-run, which commence spawning slightly later in the season than spring-run, arrive at 
the spawning grounds, move gravels around for redd construction, and physically disturb spring-
run redds during that process.  Spawning and egg incubation habitat for spring-run in the 
mainstem Sacramento River is often adversely affected by operation of the CVP through warm 
water releases from Shasta Reservoir.  Freshwater rearing and migration habitats have been 
degraded by RBDD operations which delay upstream migration, reduce the availability of 
quality rearing habitat through the related seasonal creation of Lake Red Bluff, and create 
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improved feeding opportunities for predators such as pikeminnow and striped bass.  Additional 
adverse effects to rearing and migration habitats within the Sacramento River include loss of 
natural river function and floodplain connectivity through flow regulation,levee construction, 
direct loss of floodplain and riparian habitat, and effects to water quality associated with 
agricultural, urban, and industrial land use.   
 
9.4.3.1.2  Project Effects on Spring-Run Chinook Salmon Critical Habitat in the Mainstem 
Sacramento River 
 
The proposed action negatively affects mainstem Sacramento River critical habitat in several 
ways.  As shown in table 9-5 above, the proposed action produces stressors to spawning, rearing, 
and migratory habitats in the mainstem Sacramento River.  Those stressors include operation of 
RBDD, limited spawning habitat availability resulting from water temperature management, 
exposure to warm water temperatures during egg incubation and juvenile rearing, and loss of 
natural river function and morphology, affecting all habitat types and rearing habitat quanity and 
quality in particular.   
 
9.4.3.1.3  Assess Risk to Spring-Run Chinook Salmon Critical Habitat in the Mainstem 
Sacramento River 
 
At least four factors, when considered together, suggest that implementation of the proposed 
action is expected to place spring-run critical habitat in the mainstem Sacramento River at 
considerable risk.  First, spawning, rearing, and migratory habitats within the mainstem 
Sacramento River are believed to be substantially degraded and generally would be considered 
as not properly functioning (McElhany et al. 2000, NMFS 1996b).  Second, climate change is 
expected to further degrade the suitability of habitats in the Central Valley through increased 
temperatures, increased frequency of drought, increased frequency of flood flows, and overall 
drier conditions (Lindley et al. 2007).  Third, under current usage practices, human population 
growth will place an increasing demand on limited water supplies, potentially exacerbating 
adverse effects to spawning, rearing, and migratory habitats.  Lastly, the proposed action is 
expected to produce stressors every year for the next 21 years that will further compromise the 
conservation value of each of these habitats (see table 9-5). 
 
9.4.3.2  Spring-Run Chinook Salmon Critical Habitat in Battle Creek 
 
Spring-run habitat on Battle Creek is generally considered to be suitable largely due to many 
cold springs which feed the creek and the fact that the watershed receives a considerable amount 
of snowmelt during the spring and early summer.  However, Battle Creek habitat is affected by 
several PG&E owned and operated diversion facilities on the North and South Forks.  These 
facilities allow PG&E to control the majority of the flows in the anadromous fish reaches of the 
Battle Creek watershed.  Because these facilities limit the availability of suitable anadromous 
salmonid habitat within the watershed, a cooperative partnership among Federal, State, and local 
entities was formed to develop and implement the Battle Creek Salmon and Steelhead 
Restoration Project.  Specific restoration components, include improved instream flow releases, 
selected decommissioning of dams at key locations in the watershed, dedication of water 
diversion rights for instream purposes at decommissioned sites, construction of tailrace 
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connectors, and installation of Fail-Safe Fish Screens and Fish Ladders 
(http://www.usbr.gov/mp/battlecreek/pdf/main/MOU.pdf).  This restoration project has not yet 
been implemented, but is expected to be in the near future. 
 
9.4.4  Northern Sierra Nevada Diversity Group 
 
The proposed action does not affect spring-run critical habitat within any of the watersheds in the 
Northern Sierra Nevada Diversity Group with the exception of the Feather River.  The effects to 
Feather River spring-run critical habitat are being evaluated in a separate Opinion related to the 
FERC relicensing of Oroville Dam.   
 
9.4.5  Assess Risk to Central Valley Spring-Run Chinook Salmon Critical Habitat 
 
At least five factors, when considered concurrently, suggest that implementation of the proposed 
action is expected to place spring-run critical habitat at considerable risk.  First, the status of 
spring-run critical habitat is one characterized by severe degradation, including factors such as 
warm water temperatures and low flows, loss of natural river function and floodplain 
connectivity through flow regulation and levee construction, direct loss of floodplain and 
riparian habitat, loss of tidal wetland habitat, a collapsed pelagic community in the Delta, and 
poor water quality associated with agricultural, urban, and industrial land use.  In general, much 
of the spawning, rearing, migratory, and estuarine habitat would be considered as not properly 
functioning (NMFS 1996b).  For example, NMFS (1996b) suggests that floodplain connectivity 
would be considered not properly functioning if the following description applied: “severe 
reduction in hydrologic connectivity between off-channel, wetland, floodplain and riparian 
areas; wetland extent drastically reduced and riparian vegetation/succession altered 
significantly.”  That descriptor certainly fits the Central Valley situation where only about 5 
percent of Delta wetlands remain available due to levee construction and conversion to 
agricultural land (Williams 2006).  Second, climate change is expected to further degrade the 
suitability of habitats in the Central Valley through increased temperatures, increased frequency 
of drought, increased frequency of flood flows, overall drier conditions (Lindley et al. 2007), and 
altered estuarine habitats through changes in hydrology and sea level rise.  Third, under current 
practices, human population growth will place an increasing demand for limited water supplies, 
potentially exacerbating adverse effects to spawning, rearing, migratory, and estuarine habitats.  
Lastly, the proposed action is expected to produce stressors every year for the next 21 years that 
will continue to compromise the conservation value of spring-run spawning and rearing habitats 
in Clear Creek and the mainstem Sacramento River, and compromise the conservation value of 
migratory and estuarine habitats for all extant spring-run populations.   
 
Based on the analysis of available evidence, NMFS concludes that the proposed action is likely 
to reduce the conservation value of the critical habitat, as designated, for the conservation of 
Central Valley spring-run Chinook salmon (table 9-7).   
 
Table 9-7.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Central 
Valley Spring-Run Chinook Salmon Designated Critical Habitat.  Application of Key Evidence is Provided in 
Italics.  Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to 
Not Likely to Adversely Affect (NLAA) and Adverse Modification of Critical Habitat (AD MOD). 
Step Apply the Available Evidence to Determine if… True/False Action 
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True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River and Clear 
Creek flow regulation disrupting natural river function and morphology; (3) warm 
water temperatures in the mainstem Sacramento River and Clear Creek; and (4) 
modified Delta hydrology associated with export operations (e.g., pulling water 
towards the Federal and State pumping plants). 

False Go to B 

True NLAA 

B 

Areas of designated critical habitat for CV spring-run are not likely to be 
exposed to one or more of those stressors or one or more of the direct or 
indirect consequences of the proposed action. 
Key Evidence:  (1) Each year through 2019, the migratory corridor for spring-run 
adult immigration and juvenile emigration is expected to be affected by RBDD 
operations; rearing habitat will be affected by the formation of Lake Red Bluff.  (2) 
Holding, spawning, rearing, and migratory habitats in the Sacramento River and 
Clear Creek will be exposed to regulated flows and their effects on river processes 
and morphology every year through 2030.  (3)Each year through 2030, spring-run 
egg incubation habitats are expected to be affected by water temperatures warmer 
than life stage-specific requirements.  (4) Each year through 2030, as water is 
moved from the north Delta through the DCC towards the pumping plants in the 
south Delta, a portion of outmigrating spring-run juveniles will be entrained into 
the central Delta, where survival and successful outmigration to the Pacific Ocean 
is expected to be lower than if the juveniles remained in the main migratory 
corridor of the Sacramento River. 

False Go to C 

True NLAA 

C 

The quantity, quality, or availability of all constituent elements of CV spring-
run critical habitat are not likely to be reduced upon being exposed to one or 
more of the stressors produced by the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations will reduce the 
quality of habitat for spring-run adult immigration and juvenile emigration, as well 
as the quality and quantity of rearing habitat through the formation of Lake Red 
Bluff.  (2) Loss of natural river function resulting from flow regulation has reduced 
the quality and quantity of rearing and migratory habitats in the Sacramento River 
and in Clear Creek.  (3)Each year through 2030, the provision of water 
temperatures warmer than life stage-specific requirements will reduce the quantity 
and quality of spring-run egg incubation habitats in the mainstem Sacramento 
River; and adult immigration and holding and egg incubation habitats in Clear 
Creek.  (4) Each year through 2030, the quality of migratory habitats is reduced by 
entraining juvenile spring-run into low quality rearing/migratory habitat in the 
central Delta. 

False Go to D 

True - 

D 

Any reductions in the quantity, quality, or availability of one or more 
constituent elements of spring-run critical habitat are not likely to reduce the 
conservation value of the exposed area. 
Key Evidence:  Reductions in the conservation value of migratory, egg incubation, 
and rearing habitats are expected due to reductions in the quantity, quality, or 
availability of critical habitat constituent elements resulting from RBDD 
operations, flow regulation in the Sacramento River and Clear Creek, the provision 
of water temperatures in the Sacramento River and Clear Creek warmer than life 
stage-specific requirements, and the movement of water towards the Federal and 
State pumping plants. 

False Go to E 

E 

Any reductions in the conservation value of the exposed area of spring-run 
critical habitat are not likely to reduce the conservation value of the critical 
habitat designation. 
Key Evidence:  Because the conservation value of all inland habitat types 

True No AD 
MOD 
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(migratory, spawning/egg incubation, and rearing) necessary to complete the 
salmon life cycle are expected to be reduced with implementation of the proposed 
action, it is likely that the conservation value of the critical habitat designation will 
also be reduced. 

False AD 
MOD 

 

 
9.5  Central Valley Steelhead 
 
In this section, we describe how the proposed action is expected to affect the likelihood of 
survival and recovery of the CV steelhead DPS by summarizing how Project operations will 
affect steelhead from Clear Creek, the mainstem Sacramento River, the American River, and the 
Stanislaus River.  We will focus on these four populations for a few reasons.  First, they are the 
only populations that are affected by the proposed action within their respective watersheds as 
well as in the migratory corridors (i.e., mainstem Sacramento River, mainstem San Joaquin 
River, and Delta).  Second, these four populations are from each of the four diversity groups 
(biogeographical regions) that are composed of extant steelhead populations, and thus proposed 
action effects that are common to every extant steelhead population in the migratory corridors 
(including the Delta) will be described as these four populations are described in turn.  To 
illustrate this, consider the Calaveras and Stanislaus rivers, both from the Southern Sierra 
Nevada Diversity Group.  Steelhead from the Calaveras River are only affected by the proposed 
action when they occur in the Delta, and although the effects will not be discussed as they relate 
to the Calaveras River steelhead population, Delta effects to steelhead from the southern Sierra 
Nevada Diversity Group are described in the Stanislaus River analysis.  Lastly, as described in 
Lindley et al. (2007), there are almost no data with which to assess the status of any of the extant 
steelhead populations in the Central Valley.  As such, it did not make sense to attempt to assess 
whether stressors to individuals from populations that are only affected in the migratory 
corridors would constitute population-level effects.  However, it does seem reasonable to assess 
whether effects to individual steelhead from Clear Creek, the mainstem Sacramento River, the 
American River, and the Stanislaus River add up to population-level consequences, as some 
status information for each of these steelhead populations is available and the individuals from 
these four populations are affected by the proposed action throughout their inland life cycle.   
 
This section will first summarize the status of CV steelhead.  Next, within each diversity group, 
the risk to one of the four populations identified above will be assessed by considering its status, 
baseline stress regime, and how the proposed action is expected to affect individuals from that 
population throughout their life cycle.  These effects and associated risk to individuals are 
considered concurrently with the population status and baseline, to reason whether or not the 
proposed action is expected to have a population-level effect.   Finally, the risk to the species 
will be assessed by considering the risk to the various populations associated with 
implementation of the 21-year long proposed action.  As stated in the Analytical Approach, if a 
population-level effect on any of the populations within the ESU is expected from 
implementation of the proposed action, then a species-level effect will be expected as well, based 
on the recommendation from the TRT that every extant population is necessary for the recovery 
of the species.  NMFS interprets this to indicate that an increase in the extinction risk of one or 
more of the populations increases the extinction risk of the species. 
 
9.5.1  Status of the Central Valley Steelhead DPS 
 

 506 



CV steelhead were listed as threatened on March 19, 1998.  Their classification was retained 
following a status review on January 5, 2006 (71 FR 834).  This DPS consists of steelhead 
populations in the Sacramento and San Joaquin River (inclusive of and downstream of the 
Merced River) basins in California’s Central Valley.  Steelhead historically were well distributed 
throughout the Sacramento and San Joaquin Rivers (Busby et al. 1996).  Steelhead were found 
from the upper Sacramento and Pit River systems (now inaccessible due to Shasta and Keswick 
dams), south to the Kings and possibly the Kern River systems (now inaccessible due to 
extensive alteration from water diversion projects), and in both east- and west-side Sacramento 
River tributaries (Yoshiyama et al. 1996).  The present distribution has been greatly reduced 
(McEwan and Jackson 1996), with nearly all historic spawning habitat blocked behind 
impassable dams in many major tributaries, including in the Northwestern California (Clear 
Creek), the Basalt and Porous Lava (Sacramento, Pit, and McCloud rivers), the northern Sierra 
Nevada (Feather, Yuba, American Rivers, and Mokelumne rivers), and the southern Sierra 
Nevada (Stanislaus, Tuolumne, Merced, Calaveras, and San Joaquin rivers) diversity groups 
(Lindley et al. 2007).   
 
Historic CV steelhead run size is difficult to estimate given limited data, but may have 
approached one to two million adults annually (McEwan 2001).  By the early 1960s, the 
steelhead run size had declined to about 40,000 adults (McEwan 2001).  Over the past 30 years, 
the naturally spawned steelhead populations in the upper Sacramento River have declined 
substantially.  Hallock et al. (1961) estimated an average of 20,540 adult steelhead in the 
Sacramento River, upstream of the Feather River, through the 1960s.  Steelhead counts at RBDD 
declined from an average of 11,187 for the period of 1967 to 1977, to an average of 
approximately 2,000 through the early 1990s, with an estimated total annual run size for the 
entire Sacramento-San Joaquin system, based on RBDD counts, to be no more than 10,000 
adults (McEwan and Jackson 1996; McEwan 2001).  Steelhead escapement surveys at RBDD 
ended in 1993 due to changes in dam operations. 
 
The only consistent data available on steelhead numbers in the San Joaquin River basin come 
from CDFG mid-water trawling samples collected on the lower San Joaquin River at Mossdale. 
These data indicate a decline in steelhead numbers in the early 1990s, which have remained low 
through 2002 (CDFG 2003).  In 2004, a total of 12 steelhead smolts were collected at Mossdale 
(CDFG unpublished data). 
 
Existing wild steelhead stocks in the Central Valley are mostly confined to the upper Sacramento 
River and its tributaries, including Antelope, Deer, and Mill creeks and the Yuba River. 
Populations may exist in Big Chico and Butte creeks.  A few wild steelhead are produced in the 
American and Feather Rivers (McEwan and Jackson 1996).  Snorkel surveys from 1999 to 2002 
indicate that steelhead are present in Clear Creek (J. Newton, FWS, pers. comm. 2002, op. cit. 
Good et al. 2006).  Because of the large resident O. mykiss population in Clear Creek, steelhead 
spawner abundance has not been estimated.  Until recently, steelhead were thought to be 
extirpated from the San Joaquin River system.  Recent monitoring has detected small self-
sustaining populations of steelhead in the Stanislaus, Mokelumne, Calaveras, and other streams 
previously thought to be void of steelhead (McEwan 2001).  On the Stanislaus River, steelhead 
smolts have been captured in rotary screw traps at Caswell State Park and Oakdale each year 
since 1995 (Demko and Cramer 2000).  It is possible that naturally spawning populations exist in 
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many other streams.  However, these populations are undetected due to lack of monitoring 
programs (IEPSPWT 1999). 
 
The majority (66 percent) of BRT votes was for “in danger of extinction,” and the remainder was 
for “likely to become endangered.”  Abundance, productivity, and spatial structure were of 
highest concern.  Diversity considerations were of significant concern.  The BRT was concerned 
with what little new information was available and indicated that the monotonic decline in total 
abundance and in the proportion of wild fish in the CV steelhead DPS was continuing. 
 
9.5.2  Baseline Stress Regime for the Central Valley Steelhead DPS 
 
Extensive habitat elimination and degradation has been a primary factor causing the threatened 
status of CV steelhead.  Physical habitat modifications (e.g., dam construction and river 
straightening and associated riprap applications) and many other anthropogenic effects on habitat 
have greatly diminished the viability of the DPS.  The general future baseline for steelhead in the 
freshwater, estuarine, and marine environment is similar to that of winter-run (figure 9-1), with 
an exception that there is no targeted ocean fishery for steelhead.  Detailed descriptions of 
baseline stressors to CV steelhead are provided in section 4.2.4, Factors Responsible for the 
Current Status of Winter-Run, Spring-Run, CV Steelhead, and the Southern DPS of Green 
Sturgeon.  Future baseline stressors on CV steelhead are similar to those that affect winter-run, 
spring-run, and the Southern DPS of green sturgeon. 
 
9.5.3  Northwestern California Diversity Group 
 
9.5.3.1  Clear Creek Steelhead 
 
9.5.3.1.1  Status of Clear Creek Steelhead 
 
An abundant resident O. mykiss population in Clear Creek has prohibited obtaining estimates of 
steelhead abundance.  However, snorkel surveys conducted from 1999 to 2002 suggest that 
anadromous steelhead are present in Clear Creek (Newton 2002 op. cit. Good et al. 2005).  
Although the overall status of this population is largely unknown, the observation that steelhead 
are present in Clear Creek is important to the spatial structure and overall viability of the DPS.   
 
9.5.3.1.2  Future Baseline of Clear Creek Steelhead Excluding CVP/SWP Effects 
 
The general baseline stress regime for steelhead in the freshwater, estuarine, and marine 
environment is depicted in figure 9-124.  Within Clear Creek, specific stressors include warm 
water temperatures in the lower reaches and a lack of natural gravel recruitment resulting in 
limited spawning habitat availability.  Lindley et al. (2004) suggested that Clear Creek appears to 
offer habitat of marginal suitability to steelhead, having limited area at higher elevations and 
being highly dependent on rainfall. 
 
                                                 
24 The stressor identified in figure 9-1 generally apply to all Central Valley anadromous salmonids with the 
exception that ocean harvest would not be considered an important stressor for steelhead as there is no targeted 
ocean fishery for that species. 
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9.5.3.1.3  Proposed Action Effects on Clear Creek Steelhead 
 
Proposed action-related effects to steelhead within Clear Creek are summarized in table 9-8.  
Detailed descriptions regarding the exposure, response, and risk of steelhead to these stressors 
are presented in section 6.   
 
9.5.3.1.4  Assess Risk to Clear Creek Steelhead 
 
As described in section 6, habitat conditions in Clear Creek, the Sacramento River, and the Delta 
are adversely affected by the proposed action in a number of ways, including, but not limited to: 
(1)regulating flows in a way that impairs natural river processed; (2) providing flows and water 
temperatures in the lower reaches of Clear Creek that are stressful to steelhead; (3) delaying the 
upstream migration of adult steelhead through RBDD operations; (4) reducing the availability of 
quality rearing habitat through the seasonal creation of Lake Red Bluff; (5) creating improved 
feeding opportunities at RBDD for predators such as pikeminnow and striped bass; and (6) 
entraining juveniles into poor quality habitats in the Central and South Delta.  In these ways, the 
proposed action reduces the population’s current spatial structure (by reducing habitat quantity 
and quality), which increases the risk of extinction of the Clear Creek steelhead population. 
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Table 9-8.  Summary of proposed action-related effects on Clear Creek steelhead. 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

immigration 
and holding 
 
Clear Creek 

Aug. – 
Mar. 

Water 
temperatures 
warmer than 
life history 
stage 
requirement 
for migration 
possible in 
lower reach 
near 
confluence 
with 
Sacramento 
River during 
August and 
September 

Some adults may not enter mouth of Clear 
Creek, (1) delayed run timing, (2) seek other 
tributaries, (3) spawn in mainstem Sac. R.; 
reduced in vivo egg viability 

Low- except 
for critically 
dry years 

Medium - based 
on modeled water 
temps. 

Reduced 
reproductive 
success 

2 Adult 
immigration 
 
RBDD 

Aug. – 
Mar. 

RBDD gate 
closures from 
May15 – Sept. 
15 force adults 
to use 
inefficient fish 
ladders 

17% of those that spawn above RBDD, delayed 
in spawning, more energy consumed, greater 
pre-spawn mortality, less fecundity 

High Medium - based 
on run timing and 
ability to hold 
until spawning 

Reduced 
reproductive 
success 

3 Spawning 
 
Clear Creek 

Dec. – 
Mar. 

Reduction in 
frequency and 
magnitude of 
peak flows due 
to the 
operation of 
Whiskeytown 
Dam 

Less habitat diversity, limited spawning habitat 
availability; reduced production of eggs and fry, 
possible crowding and competition from late-fall 
Chinook salmon  

Medium to 
High 

High - based on 
spawning surveys  

Reduced 
reproductive 
success 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Egg 

incubation 
 
Clear Creek 

Dec. - 
May 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

In critically dry years, higher egg mortality and 
sub-lethal effects for eggs spawned in March 

Low High - based on 
temperature 
modeling, 
scientific 
literature on life 
stage 
requirements 
(e.g., EPA 2001, 
Myrick and Cech 
2001), and 
observed 
spawning surveys 

Reduced 
survival 

5 Juvenile 
rearing 
 
Clear Creek 

May – 
Sep. 

Low summer 
flows (50 cfs), 
when b(2) is 
unavailable 

Limited rearing habitat availability; less food, 
reduced growth,  increased predation risk 

High High - based on 
modeled flows 
(CVP/SWP 
operations BA), 
uncertain 
availability of 
b(2), and 
historical data  
(http://cdec.water.
ca.gov/) 

Reduced 
survival 

6 Juvenile 
rearing 
 
Clear Creek 

May – 
Sep. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Limited over-summering habitat, reduced 
growth, increased susceptibility to disease and 
predation 

High High - based on 
modeled water 
temperature 
(CVP/SWP 
operations BA), 
uncertain 
availability of 
b(2), and 
historical data  
(http://cdec.water.
ca.gov/) 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
7 Juvenile 

rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration 
 
Based on passage estimates of when juveniles 
are present at RBDD (USFWS 1997-2007), 
approximately 1% of the steelhead DPS that is 
spawned above RBDD would be exposed to 
higher concentrations of predators when the 
gates are in (TCCA 2008). 

Low  High - based on 
tagging studies for 
juveniles passing 
RBDD  (Vogel et 
al. 1988; Tucker 
1998) and timing 
of steelhead 
emigration 
(TCCA 2008) 

Reduced 
survival 

8 Juvenile 
rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Reduction in rearing habitat quality and quantity; 
delayed juvenile emigration, increased predation; 
change in riparian habitat, change in river 
conditions, change in food supply, every year 
since 1967 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 

9 Juvenile 
rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub lethal effects 
from going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Low  High - based on 
annual monitoring 
of fish screens 

Reduced 
survival 

10 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 

 512 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11 Juvenile 

rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in late 
fall/winter), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced 
the quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 

High High - based on 
Co-manager 
review draft of 
Central Salmon 
Recovery Plan 
and CALFED 
funded Ecological 
Flow Tool model 
(Sac EFT) 

Reduced 
survival and 
reduced 
growth 

12 Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta. 
 
Few steelhead are expected to be in this area 
during the fall. 

Low  Low - based on 
lack of monitoring 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
13a-e Juvenile 

rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Substantial mortality related to the proposed 
action (figure 9-2). 
 
 

High  Low to High (see 
below)  

Reduced 
survival 

13a Juvenile 
rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

DCC 
operations 

Open gate configurations from late May through 
January increases vulnerability of steelhead 
entrainment into the Delta interior where 
survival is considerably lower than within the 
Sacramento River mainstem.  Mandatory gate 
closure from Feb 1 through end of May prevents 
entrainment into the DCC.   
 
Open gate configuration exposes less than 10 % 
of steelhead smolt population to entrainment into 
the DCC. 

Low Medium– 
numerous studies 
with Chinook 
salmon indicate 
poor survival in 
Delta interior.  
Steelhead 
predation studies 
in CCF indicate 
steelhead and 
Chinook 
vulnerabilities are 
similar to 
predation  

Reduced 
survival 
Reduced life 
history 
diversity 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
13b Juvenile 

rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Loss in interior 
Delta 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Island) are observed for fish migrating through 
the Delta interior. 
 
Most Clear Creek steelhead should remain in the 
Sacramento River past the DCC because it is 
closed from Feb. – June, but there is risk of 
diversion through Georgiana Slough. 
 
Mortality of juvenile steelhead entering CCF 
ranging from approximately 74 to 85% (DWR 
2008). 
 
 

Medium   Medium– 
numerous studies 
find high loss 
rates for Chinook 
salmon relased in 
the Delta interior.  
CCF predation 
reports indicate 
that steelhead and 
Chinook salmon 
have similar 
predation 
vulnerabilities 

Reduced 
survival 

13c Juvenile 
rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85 % of the exposed fish.   
 
Plus an additional loss of approximately 10 % of 
all species released in the CHTR program.  In 
January – March, when steelhead are present, 
loss ranges up to 100 % (DWR 2009). 
 
Percentage of steelhead produced in the 
Sacramento River and its tributaries actually 
arriving at the export facilities and entering the 
salvage process is expected to be low. 

Low  Medium to High- 
numerous studies 
have evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations for 
Chinook salmon 
survival.  Recent 
steelhead 
predation studies 
completed 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
13d Juvenile 

rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on steelhead as well as shifts in 
useable habitat and food resources occur due to 
non-native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have increased the level of 
loss for fish emigrating through the Delta. 

High  Low to medium.  
Invasion of non-
native species into 
delta is well 
documented, 
interaction with 
steelhead 
populations is not 
well documented 

Reducted 
survival, 
Reduced 
growth 

13e Juvenile 
rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food 
web base, delay in migration through Delta due 
to altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics on 
organisms is not 
as well 
understood. 

Reduced 
survival, 
reduced 
growth 
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Recent redd surveys indicate a small, self-sustaining population (~300 adults) is increasing in 
abundance.  This is most likely a result of intensive restoration efforts combined with increased 
flows, dam removal, and water temperature control.  As CV steelhead expand throughout the 18 
miles of stream they are likely to be impacted more often by low flows and high temperatures 
during the summer rearing period.  Recent surveys (USFWS 2008) show a shift in spawning 
distribution downstream to between 4 and 6 miles above the confluence where over summer 
temperatures exceed the 60°F temperature compliance location set at Igo (RM 14.1).  This shift 
in spawning is most likely a result of gravel augmentation and restoration efforts in key areas 
downstream.  In 2008, 94 of 148 steelhead redds (63 percent) were observed downstream of the 
TCP.  Since most juveniles stay within close proximity to where they are born during the first 
year this shift would expose a majority of the Clear Creek steelhead population to unsuitable 
habitat conditions.  Exposure to stressful water temperatures during spawning, embryo 
incubation, juvenile rearing, and smolt emigration is likely to reduce the spatial structure and 
growth rate, thus adding to the risk of extinction. 
 
The diversity of Clear Creek steelhead also may be affected by the proposed action.  Water 
releases from Whiskeytown Dam has changed the thermal regime and likely the food web 
structure of Clear Creek (Lieberman et al. 2001) such that a resident life history strategy may 
have fitness advantages over anadromous forms (Lindley et al. 2006).  Little is known about the 
relationship of resident and anadromous forms of O. mykiss.  Without knowing the role that 
resident O. mykiss play in population maintenance and persistence of anadromous O. mykiss, it is 
difficult to assess whether the current conditions on Clear Creek, which may favor residency, are 
detrimental to the anadromous population in Clear Creek or not (Lindley et al. 2007).  
Zimmerman et al. (2008) did demonstrate that resident rainbow trout can produce anadromous 
smolts and anadromous steelhead can produce resident rainbow trout in the Central Valley.  
However, the study indicated that the proportion of resident rainbow trout to anadromous 
steelhead in the Central Valley is largely in favor of the resident form with 740 of 964 O. mykiss 
examined being the progeny of resident rainbow trout.   
 
In addition to impacts to the spatial structure and possibly life history diversity, the proposed 
action is expected to result in direct mortality to steelhead.  Proposed action-related sources of 
steelhead mortality include: (1) increasing predation of juveniles when the RBDD gates are 
down; (2) entraining juveniles into the Central and South Delta (figure 9-3); (3) entraining and 
impinging juveniles at the pumps (both direct and indirect loss); and (4) loss associated with the 
CHTR program.   
 
In the driest 4 percent of years, steelhead abundance and productivity will be reduced due to less 
habitat available and sublethal water temperatures.  With climate change, warmer conditions 
would reduce the rearing habitat in all water years, therefore fewer steelhead would likely be 
produced.   
 
All of the above factors, which reduce the spatial structure, diversity, and abundance of Clear 
Creek steelhead, compromise the capacity for this population to respond and adapt to 
environmental changes.  Future projections over the duration of the proposed action (i.e., through 



2030), considering both increasing water demands and climate change, exacerbate risks 
associated with continuation of the proposed action, further increasing the risk of the population. 
 
9.5.4  Basalt and Porous Lava Diversity Group 
 
9.5.4.1  Mainstem Sacramento River Steelhead 
 
9.5.4.1.1  Status of Mainstem Sacramento River Steelhead 
 
The status of the CV steelhead on the mainstem Sacramento River is mainly unknown since 
there is no direct monitoring.  However, we know that historically the population that spawns 
above RBDD is decreasing based on dam counts at RBDD and 3 of the major tributaries (i.e., 
Battle Creek, Clear Creek, and Cottonwood Creek).  Since the RBDD gates started operation in 
1967, the CV steelhead abundance in the upper Sacramento River has declined from 20,000 to 
less than 1,200 adults.  The current abundance is less than 10 percent of the CVPIA doubling 
goal of 13,000 adults in the upper Sacramento River.  Redd surveys for winter-run indicate that 
resident O. mykiss do spawn in the mainstem in May.  A significant tailwater trout population 
supports a thriving recreational fishery due to the cold water releases for winter-run.  This 
resident trout population can cross with anadromous forms of O. mykiss (common in some San 
Joaquin River tributaries).  Rotary screw trap data at RBDD indicate that most juvenile steelhead 
observed there are resident forms based on timing and size.  Zimmerman et al. (2008), found that 
the vast majority of O. mykiss collected from the Sacramento River exhibited a resident life 
history strategy.   
 
9.5.4.1.2  Future Baseline of Mainstem Sacramento River Steelhead Excluding CVP/SWP 
Effects 
 
The stressors that CV steelhead experience in the mainstem are the same as previously 
mentioned for winter-run with the addition of the following; no access to high elevation 
spawning and over summer habitat, lack of LWD and Shaded Riparian Habitat, increase in warm 
water predator populations, exposure to pesticides and herbicides in agricultural return water, 
urbanization, fragmentation-loss of core populations, loss of anadromous life history, 
competition from resident forms of O. mykiss, competition from introduced fish species more 
suited to regulated rivers, lack of small stream habitat, lack of smaller size gravel for spawning, 
fishing pressure, climate change, and the lack of policies aimed at changing the current regime 
(i.e., water for fish second). 
 
9.5.4.1.3  Proposed Action Effects on Mainstem Sacramento River Steelhead 
 
Proposed action-related effects to steelhead within the Sacramento River are summarized in table 
9-9.  Detailed descriptions regarding the exposure, response, and risk of steelhead to these 
stressors are presented in section 6.   
 
9.5.4.1.4  Assess Risk to Mainstem Sacramento River Steelhead 
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As described in section 6 and summarized in table 9-9, habitat conditions in the mainstem 
Sacramento River and the Delta are adversely affected by the proposed action in a number of 
ways, including, but not limited to:  (1) delaying the upstream migration of adult steelhead 
through RBDD operations; (2) reducing the availability of quality rearing habitat through the 
seasonal creation of Lake Red Bluff; (3) creating improved feeding opportunities at RBDD for 
predators such as pikeminnow and striped bass; and (4) entraining juveniles into poor quality 
habitats in the Central and South Delta.  In these ways, the proposed action reduces the 
population’s current spatial structure (by reducing habitat quantity and quality), which increases 
the risk of extinction of the mainstem Sacramento River steelhead population. 
 
The diversity of mainstem Sacramento River steelhead also may be affected by the proposed 
action.  Water releases from Shasta Dam has changed the thermal regime and the food web 
structure of the Sacramento River (Lieberman et al. 2001) such that a resident life history 
strategy may have fitness advantages over anadromous forms (Lindley et al. 2006, McEwan 
2001).  Little is known about the relationship of resident and anadromous forms of O. mykiss.  
Without knowing the role that resident O. mykiss play in population maintenance and persistence 
of anadromous O. mykiss, it is difficult to assess whether the current conditions on the 
Sacramento River, which may favor residency, are detrimental to the anadromous population in 
the Sacramento River or not (Lindley et al. 2007).  Zimmerman et al. (2008) did demonstrate 
that resident rainbow trout can produce anadromous smolts and anadromous steelhead can 
produce resident rainbow trout in the Central Valley.  However, the study indicated that the 
proportion of resident rainbow trout to anadromous steelhead in the Central Valley is largely in 
favor of the resident form with 740 of 964 O. mykiss examined being the progeny of resident 
rainbow trout.  This proportional imbalance is even more prominent in the Sacramento River 
River where about 92 percent (142 out of 154) of O. mykiss sampled were offspring of resident 
adults (Zimmerman et al. 2008).  Only 1 out of the 154 O. mykiss sampled showed an 
anadromous migratory history, although the sampling was not intended to be selective for adults, 
so some fish sampled may not yet have made their downstream migration to the ocean. 
 
In addition to impacts to the spatial structure and possibly life history diversity, the proposed 
action is expected to result in direct mortality to steelhead.  Proposed action-related sources of 
steelhead mortality include: (1) increasing predation of juveniles when the RBDD gates are 
down; (2) entraining juveniles into the Central and South Delta (figure 9-3); (3) entraining and 
impinging juveniles at the pumps (both direct and indirect loss); and (4) loss associated with the 
CHTR program.   
 
All of the above factors, which reduce the spatial structure, diversity, and abundance of 
mainstem Sacramento River steelhead, compromise the capacity for this population to respond 
and adapt to environmental changes.  Future projections over the duration of the proposed action 
(i.e., through 2030), considering both increasing water demands and climate change, exacerbate 
risks associated with continuation of the proposed action, further increasing the risk of the 
population. 
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Table 9-9.  Summary of proposed action-related effects on mainstem Sacramento River steelhead. 
# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

immigration 
 
RBDD 

Aug. – 
Mar. 

RBDD gate 
closures from 
May15 – Sept. 
15 force adults 
to use 
inefficient fish 
ladders 

17% of those that spawn above RBDD, delayed 
in spawning, more energy consumed, greater 
pre-spawn mortality, less fecundity 

High Medium - based 
on run timing and 
ability to hold 
until spawning 

Reduced 
reproductive 
success 

2 Spawning  
 
Sacramento 
River 

Dec. – 
Mar. 

Straying of 
Nimbus 
Hatchery 
steelhead to 
mainstem 
Sacramento 
River 
spawning 
habitats 

Reduced genetic fitness of Sacramento River 
steelhead through the spread of Eel River genes 
and potentially hatchery rainbow trout genes to 
many below-barrier sites in the Central Valley 
(Garza and Pearse 2008).   

High High – based on 
the genetic 
structure of CV 
steelhead 
described in 
Garza and Pearse 
(2008) 

Reduced 
genetic fitness 

3 Egg 
incubation 
 
Sacramento 
River 

Dec. - 
May 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Sub-lethal effects - reduced early life stage 
viability; direct mortality in critically dry years; 
restriction of life history diversity (i.e., 
directional selection against eggs deposited in 
Mar.).   

Medium High - based on 
temperature 
modeling, 
scientific 
literature on life 
stage 
requirements 
(e.g., EPA 2001, 
Myrick and Cech 
2001), and 
observed 
spawning surveys 

Reduced 
survival 



# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Juvenile 

rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Reduction in rearing habitat quality and quantity; 
delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 

5 Juvenile 
rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration.   
 
Based on passage estimates of when juveniles 
are present at RBDD (USFWS 1997-2007), 
approximately 1 % of the steelhead DPS that is 
spawned above RBDD would be exposed to 
higher concentrations of predators when the 
gates are in (TCCA 2008). 

Low  High - based on 
tagging studies for 
juveniles passing 
RBDD  (Vogel et 
al. 1988; Tucker 
1998) and timing 
of steelhead 
emigration 
(TCCA 2008) 

Reduced 
survival 

6 Juvenile 
rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub lethal effects 
from going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Low  High - based on 
annual monitoring 
of fish screens 

Reduced 
survival 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
7 Juvenile 

rearing/smol
t emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Provision of 
higher flows 
and cooler 
water temps 
during the 
summer than 
occurred prior 
to the 
construction of 
Shasta Dam 

Potential fitness advantage for resident O.mykiss 
over the anadromous form, which would drive 
an evolutionary (i.e., genetic) change if life 
history strategy is heritable (Lindley et al. 2007).   

High Medium to High 
 
Medium because 
the degree to 
which life history 
strategy is 
controlled by 
genetics is not 
clear. 
 
High because 
resident O. mykiss 
are the dominant 
form in the 
Sacramento 
River, as 
indicated in a 
recent study 
which reported 
that 
approximately 92 
% (142 out of 
154) of O. mykiss 
sampled from the 
Sacramento River 
were offspring of 
resident adults 
(Zimmerman et 
al. 2008).  

Reduced 
reproductive 
success 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
8 Juvenile 

rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 

9 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in late 
fall/winter), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced 
the quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 
 

High High - based on 
Co-manager 
review draft of 
Central Valley 
Salmon Recovery 
Plan and 
CALFED funded 
Ecological Flow 
Tool model (Sac 
EFT) 

Reduced 
survival and 
reduced 
growth 

10 Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta.  However, few 
steelhead are expected to be in this area during 
the fall. 

Low  Low - based on 
lack of monitoring 

Reduced 
survival 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11a-e Juvenile 

rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Substantial mortality related to the proposed 
action (figure 9-2) 

High  Low to High (see 
below)  

Reduced 
survival 

11a Juvenile 
rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

DCC 
operations 

Open gate configurations from late May through 
January increases vulnerability of steelhead 
entrainment into the Delta interior where 
survival is considerably lower than within the 
Sacramento River mainstem.  Mandatory gate 
closure from Feb 1 through end of May prevents 
entrainment into the DCC.   
 
Open gate configuration exposes less than 10 % 
of the steelhead that are produced in the 
Sacramento River and its tributaries to 
entrainment into the DCC. 

Low Medium– 
Numerous studies 
with Chinook 
salmon indicate 
poor survival in 
Delta interior.  
Steelhead 
predation studies 
in CCF indicate 
steelhead and 
Chinook 
vulnerabilities are 
similar to 
predation  

Reduced 
survival 
Reduced life 
history 
diversity 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11b Juvenile 

rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Loss in 
interior Delta 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Isalnd) are observed for fish migrating through 
the Delta interior. 
 
Most Sacramento steelhead should remain in the 
Sacramento River as the open gate configuration 
of DCC exposes less than 10 % of the steelhead 
that are produced in the Sacramento River and 
its tributaries. 

Medium   Medium– 
numerous studies 
find high loss 
rates for Chinook 
salmon relased in 
the Delta interior.  
CCF predation 
reports indicate 
that steelhead and 
Chinook salmon 
have similar 
predation 
vulnerabilities 

Reduced 
survival 

11c Juvenile 
rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the 
loss of approximately 85 % of the exposed fish.   
 
Percentage of Sacramento River steelhead 
population actually arriving at the export 
facilities and entering the salvage proccess is 
expected to be low. 

Low   Medium to High- 
numerous studies 
have evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations for 
Chinook salmon 
survival.  Recent 
steelhead 
predation studies 
completed 

Reduced 
survival 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11d Juvenile 

rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on steelhead as well as shifts in 
useable habitat and food resources occur due to 
non-native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have increased the level of 
loss for fish emigrating through the Delta. 

High   Low to medium.  
Invasion of non-
native species into 
delta is well 
documented, 
interaction with 
steelhead 
populations is not 
as well 
documented 

Reducted 
survival, 
Reduced 
growth 

11e Juvenile 
rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food 
web base, delay in migration through Delta due 
to altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.) 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics 
on organisms is 
not as well 
studied. 

Reduced 
survival, 
reduced 
growth 
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Reclamation’s mortality model was not run for CV steelhead to determine the effects of different 
climate change scenarios because steelhead have a shorter incubation period than salmon, and 
the model would have to be changed.  However, late-fall salmon can be used as a surrogate for 
CV steelhead since they spawn at similar times in the winter.  Late fall-run mortality increases in 
Study 9.5 (drier, more warming) and Study 9.3 (wetter, more warming) under all water year 
types on average 4 percent over the future full build out scenario (Study 9.0).  EOS carryover 
storage at Shasta is less than 1.9 MAF during average dry years (1928 to 1934) in all scenarios 
except Study 9.2 wetter, less warming (CVP/SWP operations BA table 9-23). 
 
9.5.5  Northern Sierra Nevada Diversity Group 
 
9.5.5.1  American River Steelhead 
 
9.5.5.1  Status of American River Steelhead 
 
Historically, the American River supported three separate runs of steelhead corresponding to the 
summer, fall, and winter seasons.  Mining activities and dam construction during the late 1800s 
and early 1900s drastically degraded and eliminated anadromous salmonid habitat.  By 1955, 
summer-run steelhead (and spring-run Chinook salmon) were completely extirpated and only 
remnant runs of fall- and winter-run steelhead persisted in the American River (Gerstung 1971).  
Stressors, including the construction of the American River Division facilities of the CVP, 
contributed to the subsequent extirpation of fall-run steelhead.  The current population size of 
about a few hundred in-river spawning steelhead (Hannon and Deason 2008) is much lower than 
estimates from the 1970s (Staley 1975), and is primarily composed of fish originating from 
Nimbus Hatchery.  This means that the listed population (i.e., naturally-produced fish) in the 
lower American River is at an abundance level lower than the estimates provided by Hannon and 
Deason (2008) and is likely on the order of tens.   
  
In addition to small population size, other major factors influencing the status of naturally 
spawning steelhead in the American River include:  (1) a 100 percent loss of historic spawning 
habitat resulting from the construction of Nimbus and Folsom Dams (Lindley et al. 2007), which 
has obvious and extreme implications for the spatial structure of the population; and (2) the 
operation of Nimbus Fish Hatchery, which has completely altered the diversity of the population.   
 
Lindley et al. (2007) classifies the natural population of American River steelhead at a high risk 
of extinction because this population is reportedly mostly composed of steelhead originating 
from Nimbus Fish Hatchery.  The small population size and complete loss of historic spawning 
habitat and genetic composition further support this classification. 
 
9.5.5.1.2  Future Baseline of American River Steelhead Excluding CVP/SWP Effects 
 
Excluding stressors resulting from American River Division operations, baseline stressors to 
American River steelhead include the presence of Folsom and Nimbus dam, loss of natural 
riverine function and morphology, predation, and water quality.  A detailed description of how 
these stressors affect steelhead in the American River is provided in section 5.4.3. 
 



9.5.5.1.3  Proposed Action Effects on American River Steelhead 
 
Proposed action-related effects to steelhead within the American River are summarized in table 
9-10.  Detailed descriptions regarding the exposure, response, and risk of steelhead to these 
stressors are presented in section 6.  Additionally, an analysis related to potential climate change 
effects on American River steelhead is presented in that section. 
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Table 9-10.  Summary of proposed action-related effects on American River steelhead. 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Spawning  

 
Primarily 
upstream of 
Watt Ave. 
area 

Late-
Dec. - 
early 
Apr. 

Folsom/Nimbu
s releases – 
flow 
fluctuations  

Redd dewatering and isolation prohibiting 
successful completion of spawning 

Medium Medium Reduced 
reproductive 
success 

2 Spawning  
 
Primarily 
upstream of 
Watt Ave. 
area 

Late-
Dec. - 
early 
Apr. 

Nimbus Fish 
Hatchery – 
hatchery O. 
mykiss 
spawning with 
natural-origin 
steelhead  

Reduced genetic diversity.  Garza and Pearse 
(2008) showed that genetic samples from the 
population spawning in the river and the 
hatchery population were “extremely similar”.  

High High – based on 
Garza and Pearse 
(2008)  

Reduced 
reproductive 
success 

3 Embryo 
incubation  
 
Primarily 
upstream of 
Watt Ave. 
area  

Late-
Dec. - 
May 

Water 
temperatures 
warmer than 
life stage 
requirements 

Sub-lethal effects - reduced early life stage 
viability; direct mortality; restriction of life 
history diversity (i.e., directional selection 
against eggs deposited in Mar. and Apr.) 

Medium High – based on 
past water 
temperature data, 
CVP/SWP 
operations BA 
water temp. 
modeling, 
published 
literature 
regarding the 
thermal tolerance 
of steelhead eggs 

Reduced 
survival 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Embryo 

incubation  
 
Primarily 
upstream of 
Watt Ave. 
area  

Late-
Dec. - 
May 

Folsom/Nimbu
s releases – 
high instream 
flows resulting 
in redd scour 

Egg and alevin mortality.  Spawning substrate 
mobilization in the American River reportedly 
begins to occur at flows of 30,000 -50,000 cfs 
(Ayres Associates 2001).  Flood frequency 
analysis for the American River at the Fair Oaks 
gauge shows that, on average, flows will reach 
30,000 cfs approximately once every 4 years and 
50,000 cfs approximately once every 5 years  
(CVP/SWP operations BA). 

Medium High – based on 
evidence of the 
flow magnitude 
required to 
mobilize 
spawning 
substrate (Ayres 
Associates 2001) 
and the frequency 
of such flows 
(CVP/SWP 
operations BA, 
USFWS 2003) 

Reduced 
survival 

5 Embryo 
incubation  
 
Primarily 
upstream of 
Watt Ave. 
area  

Late-
Dec. - 
May 

Folsom/Nimbu
s releases – 
flow 
fluctuations 

Redd dewatering and isolation.  Hannon et al. 
(2003) reported that 5 steelhead redds were 
dewatered and 10 steelhead redds were isolated 
at the lower Sunrise side channel when Nimbus 
Dam releases were decreased on February 27, 
2003.  When releases were decreased on March 
17, 2003, seven steelhead redds were dewatered 
and five additional redds were isolated from 
flowing water at the lower Sunrise side channel.  
In April 2004 at the lower Sunrise side channel, 
five steelhead redds were dewatered and “many” 
redds were isolated (Water Forum 2005a).  Redd 
dewatering at Sailor Bar and Nimbus Basin 
occurred in 2006 (Hannon and Deason 2008).  

High High – based on 
Hannon et al. 
(2003), Water 
Forum (2005a), 
and Hannon and 
Deason (2008). 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
6 Juvenile 

rearing  
 
Primarily 
upstream of 
Watt Ave. 
area  

Year-
round  

Folsom/Nimbu
s releases – 
flow 
fluctuations; 
low flows 

Fry stranding and juvenile isolation - 
observations of juvenile steelhead isolation in 
the American River were made in both 2003 and 
2004 (Water Forum 2005a).  Low flows limiting 
the availability of quality rearing habitat 
including predator refuge habitat 

High High – based on 
past studies 
(CDFG 2001; 
Water Forum 
2005a) 

Reduced 
survival 

7 Juvenile 
rearing  
Primarily 
upstream of 
Watt Ave. 
area  

Year-
round  

Water 
temperatures 
warmer than 
life stage 
requirements 

Physiological effects - increased susceptibility to 
disease (e.g., anal vent inflammation) and 
predation.  Visible symptoms of thermal stress in 
juvenile steelhead are associated with exposure 
to daily mean water temperatures above 65°F 
(Water Forum 2005a).  With the exception of 
2005, from 1999 through 2007, daily mean water 
temperatures at Watt Avenue from August 
through September were warmer than 65°F for 
approximately 81 percent of the days, and during 
2001, 2002, 2004, 2006, and 2007, water 
temperatures were often over 68°F (figure 30a).  
Under a drier and warmer climate change 
scenario (Study 9.5), modeled water 
temperatures at Watt Avenue from June through 
September under full build out of the proposed 
Project range from 65°F to 82°F (Reclamation 
2009).  Even if no regional climate change is 
assumed (Study 9.1), water temperatures at this 
location during this time period are expected to 
range from 63°F to 79°F.  

High High – based on 
actual (cdec data) 
and modeled 
water temps, 
published 
literature 
regarding the 
thermal tolerance 
of steelhead 
juveniles (e.g., 
EPA 2001; 
Myrick and Cech 
2001), and past 
studies (Water 
Forum 2005a). 

Reduced 
growth; 
Reduced 
survival 

8 Smolt 
emigration  
 
Throughout 
entire river  

Jan. – 
Jun. 

Water 
temperatures 
warmer than 
life stage 
requirements 

Physiological effects – reduced ability to 
successfully complete the smoltification process, 
increased susceptibility to predation 

Medium Medium  Reduced 
growth; 
Reduced 
survival 

531 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
9a-e Smolt 

emigration 
 
Delta 

Jan. – 
Jun. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Substantial mortality related to the proposed 
action (figure 9-3) 

High Low to High (see 
below)  

Reduced 
survival 

9a Smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

DCC 
operations 

Open gate configurations from late May through 
January increases vulnerability of steelhead 
entrainment into the Delta interior where 
survival is considerably lower than within the 
Sacramento River mainstem.  Mandatory gate 
closure from Feb 1 through end of May prevents 
entrainment into the DCC.   
 
Open gate configuration exposes less than 10 % 
of the steelhead that are produced in the 
Sacramento River and its tributaries to 
entrainment into the DCC. 

Low  Medium– 
Numerous studies 
with Chinook 
salmon indicate 
poor survival in 
Delta interior.  
Steelhead 
predation studies 
in CCF indicate 
steelhead and 
Chinook 
vulnerabilities are 
similar to 
predation  

Reduced 
survival 
Reduced life 
history 
diversity 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
9b Smolt 

emigration 
 
Delta 

Oct. - 
Jul. 

Loss in interior 
Delta 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Isalnd) are observed for fish migrating through 
the Delta interior. 
 
Most American River steelhead should remain in 
the Sacramento River as the open gate 
configuration of DCC exposes less than 10 % of 
the steelhead that are produced in the 
Sacramento River and its tributaries. 

Medium Medium– 
numerous studies 
find high loss 
rates for Chinook 
salmon relased in 
the Delta interior.  
CCF predation 
reports indicate 
that steelhead and 
Chinook salmon 
have similar 
predation 
vulnerabilities 

Reduced 
survival 

9c Smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85% of the exposed fish.   
 
Percentage of American River steelhead 
population actually arriving at the export 
facilities is expected to be low. 

Low Medium to High- 
numerous studies 
have evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations for 
Chinook salmon 
survival.  Recent 
steelhead 
predation studies 
completed 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
9d Smolt 

emigration 
 
Delta 

Oct. - 
Jul. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on steelhead as well as shifts in 
useable habitat and food resources occur due to 
non-native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have  increased the level of 
loss for fish emigrating through the Delta 

High Low to medium.  
Invasion of non-
native species into 
delta is well 
documented, 
interaction with 
steelhead 
populations is not 
as well 
documented 

Reducted 
survival, 
Reduced 
growth 

9e Smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food 
web base, delay in migration through Delta due 
to altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics is 
well studied.  
Effects of Delta 
hydrodynamics on 
organisms are not 
as well 
understood. 

Reduced 
survival, 
reduced 
growth 
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9.5.5.1.4  Assess Risk to American River Steelhead 
 
Population viability is determined by four parameters: spatial structure, diversity, abundance, and 
productivity (growth rate).  Both population spatial structure and diversity (behavioral and 
genetic) provide the foundation for populations to achieve abundance levels at or near potential 
carrying capacity and to achieve stable or increasing growth rates.  Spatial structure on a 
watershed scale is determined by the availability, diversity, and utilization of properly 
functioning conditions (habitats), as defined in McElhany et al. (2000), and the connections 
between such habitats.  NMFS defines properly functioning condition as the freshwater habitat 
conditions necessary for the long-term survival of Pacific salmon populations (McElhany et al. 
2000).  As described above, habitat conditions in the lower American River are adversely 
affected by the proposed action to such a degree that the survival, growth, and reproductive 
success of multiple steelhead life stages is reduced.  For example, American River steelhead are 
exposed to stressful water temperatures during spawning, embryo incubation, juvenile rearing, 
and smolt emigration.  Based on the entire effects analysis, it is apparent that the water 
temperatures and flows expected with implementation of the proposed action will continue to 
substantially limit the quantity and quality of habitat, thereby limiting the spatial structure of 
American River steelhead.  These limitations to the spatial structure of a population which have 
already been blocked off from all of its historic spawning habitat certainly adds to its risk of 
extinction.   
 
The behavioral and genetic diversity of American River steelhead also is expected to be 
negatively affected by the proposed action.  Warm water temperatures in the American River 
under the proposed action are expected to result in higher fitness for steelhead spawned early 
(e.g., January) in the spawning season, as eggs spawned later (e.g., March) would be exposed to 
water temperatures above their thermal requirements (see Assess Species Response, section 6.4.3, 
above).  This selective pressure towards earlier spawning and incubation would truncate the 
temporal distribution of spawning, resulting in a decrease in population diversity.  Additionally, 
the genetic diversity of steelhead in the river has been completely altered by Nimbus Fish 
Hatchery operations, relative to the historic diversity. 
 
In addition to the negative effects on the spatial structure and diversity, the proposed action is 
expected to reduce the abundance of American River steelhead.  Direct mortality (e.g., redd 
scour, redd dewatering, and potential water temperature-related egg mortality) associated with 
proposed operations has been documented at both the egg and juvenile life stages.  The fitness 
consequences from water temperature-related anal vent inflammation of the juveniles (e.g., 
compromised immune system, resulting in increased predation, reduced energy for growth) also 
would be expected to negatively affect the population growth rate.   
 
The combined effects of the proposed action on the spawning, embryo incubation, juvenile 
rearing, and smolt emigration life stages of steelhead in the American River, reduces the viability 
of the population and places the population, which was already at high risk of extinction (see 
section 9.5.5.1.,1 Status of American River Steelhead), at even greater risk.  This notion is 
especially supported considering that Naiman and Turner (2000) demonstrated how even slight 
reductions in survival from one life stage to the next at each and every life stage can have serious 



consequences for the persistence of a population, and the proposed action reduces the survival of 
each and every steelhead life stage, including the life stage transition from smolt to adult-sized 
fish in the ocean.  Although the proposed action does not directly affect steelhead in the ocean, it 
indirectly lowers their ocean survival because they are entering it in a weakened state. 
 
Future projections over the duration of the proposed action (i.e., through 2030), considering both 
increasing water demands and climate change, exacerbate risks associated with continuation of 
current American River Division operations, further increasing the risk of extinction of naturally-
spawned American River steelhead.  For example, comparing annual water deliveries from the 
American River Division in recent years (e.g., about 300 TAF in 2006) to annual demands that 
were modeled in the CVP/SWP operations BA for full build out of the proposed action (i.e., 800 
TAF in 2030), suggests that annual demands by 2030 are expected to be about three to four times 
higher than current levels.  This increased water demand is expected to result in considerable 
challenges to flow and water temperature management for American River aquatic resources 
below Nimbus Dam, and will likely exacerbate the adverse habitat conditions already occurring 
in the river under present day water demands.  In addition to increasing water demands, climate 
change is expected to further degrade the suitability of habitats in the Central Valley through 
increased temperatures, increased frequency of drought, increased frequency of flood flows, and 
overall drier conditions (Lindley et al. 2007).   
 
9.5.6  Southern Sierra Nevada Diversity Group 
 
9.5.6.1  Stanislaus River Steelhead 
 
9.5.6.1.1  Status of Stanislaus River Steelhead 
 
Studies have documented the occurrence of CV steelhead in the Stanislaus River based on 
incidental observations obtained from fall-run sampling (Anderson et al. 2007; S.P. Crammer 
and Associates Inc. 2000, 2001) as well as from otolith microchemistry analyses (Zimmerman et 
al. 2008).  However, information regarding the abundance of Stanislaus River steelhead is very 
limited.  In the 2006-7 season, 12 steelhead were observed passing through a Stanislaus River 
counting weir (Anderson et al. 2007).  One of the steelhead observed at the weir had an adipose 
fin clip, indicating some opportunity for genetic introgression from hatchery operations on other 
Central Valley rivers.  Steelhead smolts also have been captured in the Stanislaus River in rotary 
screw traps at Caswell State Park and Oakdale each year since 1995 (S.P. Cramer and Associates 
Inc. 2000, 2001), but the numbers are very low, ranging from 10 to 30 annually.  Most of the 
steelhead smolts are captured from January to mid-April, are 175 to 300 mm fork length, and 
display morphological characteristics associated with smoltification, indicating these fish are 
exhibiting an anadromous life form.  These fish are physiologically prepared to leave the river at 
a time well after the scheduled VAMP pulse flows, but not later than when historical unimpaired 
rain-on-snow events would have provided out migration flows.   
 
9.5.6.1.2  Future Baseline of Stanislaus River Steelhead Excluding CVP/SWP Effects 
 
Excluding stressors resulting from proposed action operations, baseline stressors to Stanislaus 
River steelhead include the presence of Goodwin, Tulloch and New Melones dams, loss of 
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natural riverine function and morphology, agricultural and urban land uses, gravel mining, 
predation, and water quality, particularly temperature, contaminants and suspended sediment.  A 
detailed description of how these stressors affect steelhead in the Stanislaus River is provided in 
section 5.5.3.  
  
9.5.6.1.3  Proposed Action Effects on Stanislaus River Steelhead 
 
Proposed action-related effects to Stanislaus River steelhead are summarized in table 9-11.  
Detailed descriptions regarding the exposure, response, and risk of steelhead to these stressors 
are presented in section 6.  Additionally, an analysis related to potential climate change effects 
on Stanislaus River steelhead is presented in that section. 
 
9.5.6.1.4  Assess Risk to Stanislaus River Steelhead 
 
Population viability is determined by Spatial structure, diversity, abundance, and productivity 
(growth rate).  Both population spatial structure and diversity (behavioral and genetic) provide 
the foundation for populations to achieve abundance levels at or near potential carrying capacity 
and to achieve stable or increasing growth rates.  Spatial structure on a watershed scale is 
determined by the availability, diversity, and utilization of properly functioning conditions 
(habitats), as defined in McElhany et al. (2000).  Thus, reductions in the quantity or quality of 
available habitat are assumed to reduce a population’s spatial structure. 
 
Habitat conditions in the Stanislaus River and Delta are negatively affected by the proposed 
action to such a degree that the survival, growth, and/or reproductive success of all inland life 
stages of steelhead is reduced (see table 9-11).  For example, Stanislaus River steelhead are 
exposed to stressful water temperatures during adult immigration, embryo incubation, juvenile 
rearing, and smolt emigration.  In addition, flow-dependent habitat availability is limited, 
particularly for the spawning, juvenile rearing, and smolt emigration life stages.  Based on the 
effects analysis throughout the steelhead life cycle, it is apparent that the proposed action has 
substantial negative effects on the habitat, and therefore spatial structure, in the Stanislaus River 
and Delta.  A further reduction to the spatial structure of a population which has already been 
blocked off from its historic spawning habitat certainly adds to its risk of extinction.   
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Table 9-11.  Summary of proposed action-related effects on Stanislaus River steelhead. 
 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

Immigration 
 
Delta to 
Riverbank 

Oct-
Dec 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Delayed entry into river (CDFG 2007a); pre-
spawn mortality; reduced condition factor. 

Medium Medium – based 
on CDFG (2007a) 

Reduced 
reproductive 
success; 
Reduced 
survival to 
spawn 

2 Spawning 
 
Stanislaus 
River 

Dec-
Feb 

Unsuitable 
flows restrict 
spawnable 
habitat and 
dewater redds 

Limited spawning habitat availability according 
to Aceituno (1993).   
 
Instream flows typically drop in January from 
higher December levels when San Joaquin River 
water quality objectives are met.  This increases 
the risk for redd dewatering and direct egg 
mortality. 

High Low-  populations 
so low that direct 
observation is 
difficult 

Reduced 
reproductive 
success 

3 Spawning 
 
Stanislaus 
River 

Dec-
Feb 

Excessive 
fines in 
spawning 
gravel 
resulting from 
lack of 
overbank flow 
 
 

Reduced suitable spawning habitat; For 
individual: increased energy cost to attempt to 
"clean" excess fine material from spawning site 
 
Fine material deposited in gravel beds because of 
lack of overbank flow to inundate floodplain and 
deposit fine material on floodplain, instead of in 
river (Kondolf et al. 2001). 

High Medium- 
deposition 
documented by 
Kondolf et al. 
(2001) and 
reduced 
permeability in 
spawning beds 
measured by 
Mesick (2001); 
energetic effects 
not documented 
for steelhead. 

Reduced 
reproductive 
success 



4 Egg 
incubation 
and 
emergence 
 
Stanislaus 
River 

Dec-
May 

Excessive 
fines in 
spawning 
gravel 
resulting from 
lack of 
overbank flow 
 

Egg mortality from lack of interstitial flow; egg 
mortality from smothering by nest-building 
activities of other steelhead or fall-run; 
suppressed growth rates. 

High High – based on 
reduced 
permeability in 
spawning beds 
measured by 
Mesick (2001); 
and geomorphic 
assessment 
(Kondolf et al. 
(2001) 

Reduced 
survival 

5 Egg 
incubation 
and 
emergence 
 
Stanislaus 
River 

Dec-
May 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Egg mortality, especially for eggs spawned in or 
after March; Embryonic deformities (Deas et al. 
2008)  
 
Temperatures may be operationally managed, 
depending on year type 

Medium High – based on 
actual (CDEC) 
data and modeled 
(CVP/SWP 
operations BA) 
water 
temperatures, 
published 
literature 
regarding the 
thermal tolerance 
of steelhead 
juveniles (e.g., 
EPA 2003a; 
Myrick and Cech 
2001) 

Reduced 
survival 

6 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Contaminants 
(particularly 
dormant 
sprays) 

Reduced food supply; suppressed growth rates; 
smaller size at time of emigration, starvation; 
indirect: loss to predation; poor energetics; 
indirect stress effects. 

Low Low – limited 
information for 
Stanislaus River 
fish 

Reduced 
growth rates; 
Reduced 
survival 
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7 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Operations can 
create usable 
habitat 
conditions 
below dam 
equivalent to 
50% of 
historic linear 
stream access 
and only in 
reaches that 
were 
historically 
seasonably 
unsuitable for 
rearing. 

Reduced food supply; suppressed growth rates; 
smaller size at time of emigration, starvation. 

High Medium to High – 
based on Lindley 
et al. (2007) 

Reduced 
growth rates; 
Reduced 
survival 

8 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Lack of 
overbank flow 
to inundate 
rearing habitat 

Reduced food supply; suppressed growth rates; 
starvation; loss to predation; poor energetics; 
indirect stress effects, smaller size at time of 
emigration. 

High High – based on 
geomorphic 
studies (Kondolf 
et al. 2001), and 
floodplain habitat 
literature 
(Sommer et al. 
2001a, 2001b, 
2005; Jeffres et al. 
2008; Heady and 
Merz 2007)   

Reduced 
growth rates; 
Reduced 
survival 
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9 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Reduction in 
rearing habitat 
complexity 
due to 
reduction in 
channel 
forming flows 

Reduced food supply; suppressed growth rates; 
starvation; loss to predation; poor energetics; 
indirect stress effects, smaller size at time of 
emigration. 

High  High – based on 
geomorphic 
studies (Kondolf 
et al. 2001), and 
floodplain habitat 
literature 
(Sommer et al. 
2001a, 2001b, 
2005; Jeffres et al. 
2008; Heady and 
Merz 2007)   

Reduced 
growth rates; 
Reduced 
survival 

10 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Unsuitable 
flows for 
maintaining 
juvenile 
habitat 

Crowding and density dependent effects relating 
to reduced habitat availability. Metabolic stress; 
starvation; loss to predation;  indirect stress 
effects, poor growth. 

High High – based on 
IFIM analysis 
(Aceituno 1993) 

Reduced 
growth rates; 
Reduced 
survival 

11 Juvenile 
rearing and 
out-
migration 
Stanislaus 
River 
 

All 
year 
with 
increas
e Feb-
May 
during 
out-
migrati
on 

Predation by 
non-native fish 
predators 
because 
rearing habitat 
is lacking 

Juvenile mortality; Reduced juvenile production. High  High – based on 
geomorphic 
studies (Kondolf 
et al. 2001), and 
predation analyses 
on Stanislaus and 
Tuolumne Rivers 
(Demko et 
al.1999, Stillwater 
Sciences 2000) 

Reduced 
survival 

12 Juvenile 
rearing 
Stanislaus 
River 
 

Year 
round 
Jan-
April 
(14 
months
) 

End of 
summer water 
temperatures 
warmer than 
life history 
stage   

Metabolic stress; starvation; loss to predation; 
indirect stress effects, poor growth. 

High High – based on 
actual (CDEC) 
data and modeled 
(CVP/SWP 
operations BA) 
water 
temperatures.   

Reduced 
growth rates; 
Reduced 
survival 
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13 Smoltificatio
n and 
emigration 
 
Stanislaus 
River at 
mouth 

Jan. - 
Jun. 

Water 
temperatures 
warmer than 
life history 
stage  (Mar - 
June) 

Missing triggers to elect anadromous life history; 
failure to escape river before temperatures rise at 
lower river reaches and in Delta; thermal stress. 

High High – based on 
actual (CDEC) 
data and modeled 
(CVP/SWP 
operations BA) 
water 
temperatures 

Reduced 
diversity. 

14 Smolt 
emigration 
 
Stanislaus 
River 

Jan. – 
Jun. 

Suboptimal 
flow               
(March – June) 

Failure to escape river before temperatures rise 
at lower river reaches and in Delta; thermal 
stress; misdirection through Delta leading to 
increased residence time and higher risk of 
predation. 

High High – based on 
actual (CDEC-
temperature, 
smolted steelhead 
occurrence at 
Oakdale/Caswell 
rotary screw-
traps) data and 
modeled 
(CVP/SWP 
operations BA) 
water 
temperatures 

Reduced 
survival; 
Reduced 
diversity 

15a-d Smolt 
emigration 
 
Delta 

Jan. – 
Jun. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(Loss in 
Southern 
Delta, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Substantial mortality to steelhead from the 
southern Sierra Nevada diversity group. 
 
Based on VAMP studies of fall-run, mortality 
ranges from 90 – 99 % from San Joaquin River 
release points to Chipps Island (SJRGA 2006).  
Similar results are assumed for steelhead, as 
shown through the CCF studies showing similar 
loss rates between steelhead and Chinook 
salmon (DWR 2008). 

High Low – based on 
lack of steelhead-
specific data 
 
High – based on 
studies of 
Chinook salmon 
mortality using 
acoustic tags, 
PTM modeling 
(CVP/SWP 
operations BA), 
and supplemental 
PTM model runs. 

Reduced 
survival 
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15a Smolt 
emigration 
Delta 

Jan-
Jun. 

Loss in 
Southern Delta 

Exports increase residence time of emigrating 
fish by diverting juveniles into the channels of 
the South Delta.  This exposes steelhead to 
increased losses to predation and contaminants.  
Vulnerability to entrainment into the channels of 
the South Delta is elevated during high export 
operations.  Lack of HORB increases 
entrainment into Old River (SJRGA 2006). 
 
 Lower survival rates to the western Delta 
(Chipps Island) are observed for fish migrating 
through the South Delta interior (USFWS 2006).   

High–  Medium– 
numerous studies 
find high loss 
rates for Chinook 
salmon released in 
the Delta interior.  
CCF predation 
reports indicate 
that steelhead and 
Chinook salmon 
have similar 
predation 
vulnerabilities.   
 
Supplemental 
PTM model runs 
indicate a high 
rate of 
entrainment of 
particles to the 
pumps. 

Reduced 
survival 

15b Smolt 
emigration 
Delta 

Jan-
Jun. 

Loss at export 
facilities 

Percentage of the southern Sierra Nevada 
steelhead diversity group exposed to salvage 
process is considered high due to high rate of 
diversion of flows and particles to the export 
facilities.    
 
Entrainment of fish at the CVP results in loss of 
approximately 66 % of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85 % of the exposed fish (see 
table 6-28). 
 
 

High  Medium to High- 
numerous studies 
have evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations for 
Chinook salmon 
survival.  Recent 
steelhead 
predation studies 
completed (DWR 
2008). 

Reduced 
survival 
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15c Smolt 
emigration 
Delta 

Jan-
Jun. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  
Predation on steelhead as well as shifts in 
useable habitat and food resources occur due to 
non-native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have increased the level of 
loss for fish emigrating through the Delta. 

High  Low to medium.  
Invasion of non-
native species into 
Delta is well 
documented 
(Cohen and 
Moyle 2004; 
Brown and 
Michniuk 2007; 
Ford and Brown 
2001) interaction 
with steelhead 
populations is not 
as well 
documented 

Reduced 
survival, 
Reduced 
growth 

15d Smolt 
emigration 
Delta 

Jan-
Jun. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food 
web base, delay in migration through Delta due 
to altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (poor water quality, 
contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta which encompasses the 
migratory route of southern Sierra Nevada 
diversity group steelhead. 

High  Low to High.  
Delta 
hydrodynamics is 
well studied (IEP 
2008; Herbold 
and Moyle 1989) 
Effects of Delta 
hydrodynamics on 
organisms are not 
as well 
understood. 

Reduced 
survival, 
reduced growth 
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Of equal importance to spatial structure in determining population viability is the presence of 
sufficient behavioral and genetic diversity within the population to allow it to be flexible and 
adapt to changing environmental conditions through utilization of a wide range of habitats.  
Some evidence indicates that the life history diversity of steelhead may be affected by CVP 
operations.  For example, water releases from Shasta Dam have changed the thermal regime and 
the food web structure of the Sacramento River (Lieberman et al. 2001) such that a resident life 
history strategy may have fitness advantages over anadromous forms (Lindley et al. 2006).  A 
similar situation likely applies to the Stanislaus River, which also has a hydrograph and thermal 
regime much different than what steelhead in that river evolved with.  Little is known about the 
relationship of resident and anadromous forms of O. mykiss.  Without knowing the role that 
resident O. mykiss play in population maintenance and persistence of anadromous O. mykiss, it is 
difficult to assess whether the current conditions on the Stanislaus River, which may favor 
residency, are detrimental to the anadromous population or not (Lindley et al. 2007).  
Zimmerman et al. (2008) demonstrated that resident rainbow trout can produce anadromous 
smolts and anadromous steelhead can produce resident rainbow trout in the Central Valley.  
However, the study indicated that the proportion of resident rainbow trout to anadromous 
steelhead in the Central Valley is largely in favor of the resident form with 740 of 964 O. mykiss 
examined being the progeny of resident rainbow trout.  This proportional imbalance is even more 
prominent in the Stanislaus River where nearly 90 percent (139 out of 157) of O. mykiss sampled 
were offspring of resident adults (Zimmerman et al. 2008).  In addition, the lack of specificity in 
how decisions will be made under real-time operations and by whom can have unpredictable 
effects on steelhead.  The uncertain participation of Merced and Tuolumne River water 
operations in spring pulse flows in the future can affect the diversity and continued existence of 
the Stanislaus River population and of the Southern Sierra diversity group. 
 
In addition to the negative effects on the spatial structure and life history diversity, the proposed 
action is expected to reduce the abundance of Stanislaus River steelhead.  Mortality associated 
with the proposed action is expected through such sources as potential water temperature-related 
pre-spawn adult mortality, redd dewatering, egg suffocation from deposition of fines, and direct 
and indirect losses in the Delta.   
 
The combined effects of the proposed action on the adult immigration, spawning, embryo 
incubation, juvenile rearing, and smolt emigration life stages of steelhead in the Stanislaus River, 
reduces the viability of the population and places the population, which was already at high risk 
of extinction due to extremely low abundance, at even greater risk.  As previously described, 
Naiman and Turner (2000) demonstrated how even slight reductions in survival from one life 
stage to the next at each and every life stage can have serious consequences for the persistence of 
a populations.  Considering that the proposed action reduces the survival of each and every 
steelhead life stage, including the life stage transition from smolt to adult-sized fish in the ocean, 
Stanislaus River steelhead may not persist with implementation of the proposed action.   
 
Future projections over the duration of the proposed action (i.e., through 2030), considering both 
increasing water demands and climate change, exacerbate risks to Stanislaus River steelhead.  
For example, climate change is expected to further degrade the suitability of habitats in the 
Central Valley through increased temperatures, increased frequency of drought, increased 
frequency of flood flows, and overall drier conditions (Lindley et al. 2007).   



 
9.5.7  Assess Risk to the Central Valley Steelhead DPS 
 
The proposed action is expected to expose individual steelhead from Clear Creek, the mainstem 
Sacramento River, the American River, and the Stanislaus River to stressors that have fitness 
consequences for each inland life stage.  Cumulatively, these fitness reductions throughout the 
inland steelhead life cycle, are expected to result in population level consequences for each of the 
four populations, reducing their viability.  For Central Valley ESUs and DPSs, reductions in 
population viability are assumed to also reduce the viability of the diversity group the population 
belongs to as well as the species.  Because the four diversity groups with extant steelhead 
populations are represented by these four populations25, the viability of all four extant steelhead 
diversity groups is expected to be decreased with implementation of the proposed action.  In 
consideration of the status and baseline stress regime of the species, these diversity group- and 
population-level consequences identified above greatly increase the extinction risk of the species.  
Given the evidence of the reduction in numbers, reproduction and/or distribution of the species, 
NMFS concludes that Reclamation has not ensured that the proposed action is not likely to 
appreciably reduce the likelihood of viability, and therefore the likelihood of both the survival 
and recovery of the CV steelhead DPS (table 9-12). 
 
Table 9-12.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the CV 
steelhead DPS.  Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column 
Refer to Not Likely to Adversely Affect (NLAA) and Not Likely/Likely to Jeopardize (NLJ/LJ).   
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River, Clear 
Creek, and Stanislaus River flow regulation disrupting natural river function and 
morphology; (3) warm water temperatures in the mainstem Sacramento River, Clear 
Creek, the American River, and the Stanislaus River; (4) low late-summer flows in 
Clear Creek and in the American and Stanislaus rivers; and (5) modified Delta 
hydrology associated with export operations (e.g., pulling water towards the Federal 
and State pumping plants). 

False Go to 
B 

B 

CV steelhead individuals are not likely to be exposed to one or more of those 
stressors or one or more of the direct or indirect consequences of the proposed 
action. 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to delay 
~17% of the steelhead adults that spawn upstream of RBDD and all of the progeny 
from those adults are faced with reduced rearing habitat quantity and quality 
resulting from the formation of Lake Red Bluff.  (2) All freshwater life stages of 

True NLAA 

                                                 
25 Clear Creek belongs to the Northwestern California diversity group; the mainstem Sacramento River population 
belongs to the Basalt and Porous Lava diversity group; the American River belongs to the Northern Sierra Nevada 
diversity group; and the Stanislaus River belongs to the Southern Sierra Nevada diversity group. 
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 Sacramento River, Clear Creek, and Stanislaus River steelhead will be exposed to 
regulated flows and their effects on river processes and morphology every year 
through 2030.  (3) Each year through 2030, steelhead in Clear Creek, the mainstem 
Sacramento River, the American River, and the Stanislaus River are expected to be 
exposed to water temperatures warmer than life stage-specific requirements during 
multiple life stages, including egg incubation and juvenile rearing.  (4) Steelhead 
rear in their natal stream year-round for 1 to 2 years, and thus are expected to be 
exposed to low late-summer flows in Clear Creek and in the American and 
Stanislaus rivers.  (5) As water is moved from the north Delta and from the San 
Joaquin River to the Federal and State export facilities, each year through 2030, CV 
steelhead juveniles will have increased exposure to an abundant predator 
community, an aquatic environment degraded by pesticides and contaminants, and 
entrainment at the facilities. 

False Go to 
C 

True NLAA 

C 

CV steelhead individuals are not likely to respond upon being exposed to one or 
more of the stressors produced by the proposed action. 
Key Evidence:  (1) Delayed upstream migration at RBDD causes individual adults to 
consume more energy, which limits the amount of energy available for reproduction, 
resulting in the deposition of fewer and/or less viable eggs.  (2) Loss of natural river 
function resulting from flow regulation in the Sacramento River, Clear Creek, and 
the Stanislaus River has reduced the quality and quantity of rearing and migratory 
habitats, thereby reducing the growth and survival of individual steelhead juveniles 
in those systems. (3) Exposure to warm water temperatures in Clear Creek, the 
mainstem Sacramento River, the American River, and the Stanislaus River is 
expected to cause eggs deposited later (i.e., March) in the spawning season to suffer 
increased mortality and structural deformities during incubation, particularly during 
critically dry years.  Thermal stress responses (e.g., reduced immune system 
function) are also expected to occur in individual juvenile steelhead rearing over the 
summer in Clear Creek and the American River. (4) Low late-summer flows limit the 
availability of quality rearing habitat, including predator refuge areas.  Under these 
low flow conditions, juvenile steelhead have an increased susceptibility to predation 
and density dependent related factors (e.g., disease and competition for prey and 
habitat).  (5) Mortality of juvenile steelhead migrating from the San Joaquin River to 
Chipps Island is expected to range from 90 to 99 %, with most of the mortality 
coming from project-related sources.  Mortality of steelhead that enter the Delta 
interior from the Sacramento River is expected to range from 35 to 90 %, resulting 
in the loss of approximately 5-17 percent of the Sacramento River basin population 
of the Central Valley DPS. 

False Go to 
D 

True NLAA 

D 

Any responses are not likely to constitute “take” or reduce the fitness of the CV 
steelhead individuals that have been exposed. 
Key Evidence: (1) The reduction in energy available for egg production associated 
with delayed upstream migration at RBDD reduces the fitness of individuals by 
reducing their reproductive capacity. (2) “Take”of steelhead individuals in the form 
of reduced growth and survival is expected due to the loss of natural river function 
associated with flow regulation in the Sacramento River, Clear Creek, and the 
Stanislaus river.  (3) and (4)  As described in step C, “take” of steelhead individuals, 
in the form of mortality and sub-lethal effects, is expected with exposure to warm 
water temperatures particularly during the egg incubation and juvenile rearing life 
stages, and with exposure to low flows during juvenile rearing. (5) As described in 
step C, “take” of steelhead individuals, in the form of mortality, is expected in the 
Delta during juvenile rearing/smolt emigration. 

False Go to 
E 

E 

Any reductions in individual fitness are not likely to reduce the viability of the 
populations those individuals represent. 
Key Evidence:  The cumulative effects of RBDD operations, flow regulation, warm 
water temperatures, low flows, project-related impacts in the Delta, and other 
project-related stressors (see tables 9-8 through 9-11) are expected to sufficiently 

True NLJ 
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 reduce the survival, growth, and/or reproductive success of steelhead individuals at 
multiple life stages every year through 2030 such that key population parameters 
(i.e. spatial structure, diversity, and abundance) are appreciably reduced for 
steelhead populations in Clear Creek, the mainstem Sacramento River, the American 
River, and the Stanislaus River.  Reductions in these parameters are of sufficient 
magnitude for one to reasonably expect a reduction in the viability of each of the 
four populations.   

False Go to 
F 

True NLJ 

F 

Any reductions in the viability of the exposed populations are not likely to 
reduce the viability of CV steelhead the species. 
Key Evidence: Considering the greatly diminished status of the CV steelhead DPS, 
NMFS assumes that if a population-level effect on any of the populations within the 
DPS is expected from implementation of the proposed action, then a species-level 
effect will be expected as well.  The proposed action is expected to reduce the 
viability of at least four steelhead populations.  Therefore, the viability of the DPS is 
expected to be significantly reduced with implementation of the proposed action. 

False LJ 

 
9.6  Central Valley Steelhead Critical Habitat 
 
Following much of the same logic introducing the integration and synthesis of the CV steelhead 
species analysis presented in section 9.5, the following discussion will not address effects to 
critical habitat for every extant population affected by the proposed action, but will focus on how 
critical habitat for steelhead in Clear Creek, the mainstem Sacramento River, the American 
River, and the Stanislaus River is expected to be affected by the proposed action.  By focusing 
on these four areas, all steelhead critical habitat that is affected by the proposed action is 
evaluated.   
 
9.6.1  Status of Central Valley Steelhead Critical Habitat 
 
It is estimated that 80 percent of the historic spawning and rearing habitat for CV steelhead is 
above impassable dams as is the case for the Sacramento, Feather, Yuba, American, Mokelumne, 
Stanislaus, Tuolumne, Merced, and San Joaquin rivers.  All critical habitat for Central Valley 
steelhead occurs below impassable barriers.  As such, steelhead critical habitat largely occurs in 
areas that historically functioned as either rearing or migratory habitats.   
 
Critical habitat for CV steelhead is composed of PCEs that are essential for the conservation of 
the species including, but not limited to, spawning habitat, rearing habitat, migratory corridors, 
and estuarine areas.  Stressors to CV steelhead PCEs are similar to the stressors described for 
spring-run critical habitat and include water diversions and water management, dams and other 
structures, loss of floodplain connectivity, loss of natural riverine function, bank protection; 
dredging, sediment disposal, gravel mining, invasive aquatic organisms, and agricultural, urban, 
and industrial land use (McEwan 2001).  In addition, unlike spring-run critical habitat which 
excludes much of the Delta, steelhead critical habitat includes the Delta – an ecosystem that has 
had dramatic habitat changes in recent years related to water quality, toxic algae blooms (e.g., 
Microcystis), and invasive species (e.g., the aquatic macrophyte Egeria densa).  Based on the 
host of stressors to spawning, rearing, migratory, and estuarine habitats in the Central Valley, it 
is apparent that the current condition of CV steelhead critical habitat is degraded, and does not 
provide the conservation value necessary for the survival and recovery of the species.   
 
9.6.2  Northwestern California Diversity Group 
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 9.6.2.1  Steelhead Critical Habitat in Clear Creek 
 
9.6.2.1.1  Status of Steelhead Critical Habitat in Clear Creek 
 
Whiskeytown Dam at RM 18.1 is an impassable barrier to adult anadromous salmonids and 
marks the upstream extent of potential steelhead habitat.  Prior to 2000, the McCormick-Saeltzer 
Dam presented a barrier to upstream migration for anadromous salmonids.  Following removal 
of the Dam in 2000, access to approximately 12 miles of coldwater habitat upstream to 
Whiskeytown Dam was restored.  The construction of Whiskeytown Dam, gold mining, and 
significant gravel mining in the Clear Creek watershed has diminished the availability and 
recruitment of suitable spawning gravels.  Gravel injection projects are conducted to make up for 
this loss of spawning gravel recruitment, but limited spawning habitat availability is a problem in 
Clear Creek.   
 
Currently the release schedule from Whiskeytown Dam calls for flows of 200 cfs from October 1 
to June 1 and 150 cfs, or less, from July through September in order to maintain water 
temperatures below 60°F.  Under dry and warm climate conditions, water temperatures above 
60°F occur in Clear Creek.  Lindley et al. (2004) suggested that Clear Creek appears to offer 
habitat of marginal suitability to steelhead, having limited area at higher elevations and being 
highly dependent on rainfall. 
 
9.6.2.1.2  Project Effects on Steelhead Critical Habitat in Clear Creek 
 
The proposed action adversely affects Clear Creek critical habitat for steelhead in a few ways.  
The proposed action produces stressors to steelhead critical habitat in Clear Creek that primarily 
affect  rearing habitat.  Flow regulation impairs natural river processes and decreases habitat 
complexity and variability, which limits the quality and quantity of rearing habitat.  Additionally, 
low flows and warm water temperatures during the summer limit the availability of quality 
rearing habitat.   
 
9.6.2.1.3  Assess Risk to Steelhead Critical Habitat in Clear Creek 
 
At least six factors, when considered together, suggest that implementation of the proposed 
action is expected to place critical habitat for Clear Creek steelhead at considerable risk.  First, 
the habitat within Clear Creek is believed to be of marginal suitability for steelhead (Lindley et 
al. 2004).  Second, rearing and migratory habitats within the Sacramento River are believed to be 
substantially degraded and generally would be considered as not properly functioning (NMFS 
1996b).  Third, climate change is expected to further degrade the suitability of habitats in the 
Central Valley through increased temperatures, increased frequency of drought, increased 
frequency of flood flows, and overall drier conditions (Lindley et al. 2007).  Fourth, estuarine 
habitats have been substantially degraded (e.g., Sommer et al. 2007) and climate change is 
expected to further alter estuarine habitats through sea level rise and hydrological changes.  Fifth, 
under current usage practices, human population growth will place an increasing demand on 
limited water supplies, potentially exacerbating adverse effects to spawning, rearing, migratory, 
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and estuarine habitats.  Lastly, the proposed action is expected to produce stressors every year 
for the next 21 years that will decrease the conservation value of these habitats (table 9-8). 
 
9.6.3  Basalt and Porous Lava Diversity Group 
 
9.6.3.1  Steelhead Critical Habitat in the Mainstem Sacramento River 
 
9.6.3.1.1  Status of Steelhead Critical Habitat in the Mainstem Sacramento River 
 
Within the range of CV steelhead, biological features of the designated critical habitat that are 
considered vital for steelhead include freshwater spawning sites, freshwater rearing sites, 
freshwater migration corridors, and estuarine areas.  As generally described above in section 
9.6.1, the status of critical habitat in each of these biological features is considered to be 
degraded.  Freshwater rearing and migration habitats have been degraded by RBDD operations 
which delay upstream migration, reduce the availability of quality rearing habitat through the 
related seasonal creation of Lake Red Bluff, and create improved feeding opportunities for 
predators such as pikeminnow and striped bass.  Additional adverse effects to rearing and 
migration habitats within the Sacramento River include loss of natural river function and 
floodplain connectivity through levee construction, direct loss of floodplain and riparian habitat, 
and effects to water quality associated with agricultural, urban, and industrial land use.  The 
status of estuarine habitats for steelhead also is considered to be highly degraded as is evident by 
the collapse of pelagic organisms in the Delta (Sommer et al. 2007, IEP 2008).  It is not 
immediately clear how the changes in the Delta ecosystem affect steelhead, but it is certain that 
substantial changes to steelhead estuarine habitat are occurring. 
 
9.6.3.1.2  Project Effects on Steelhead Critical Habitat in the Mainstem Sacramento River 
 
The proposed action negatively affects critical habitat for steelhead from the mainstem 
Sacramento River in several ways.  As shown in table 9-9 above, the proposed action produces 
stressors to rearing (RBDD, Lake Red Bluff), migratory (RBDD), and estuarine (entrainment of 
juveniles into central and south Delta) habitats for mainstem Sacramento River steelhead.     
 
9.6.3.1.3  Assess Risk to Steelhead Critical Habitat in the Mainstem Sacramento River 
 
At least five factors, when considered together, suggest that implementation of the proposed 
action is expected to place critical habitat for mainstem Sacramento River steelhead at 
considerable risk.  First, spawning, rearing, and migratory habitats within the mainstem 
Sacramento River are believed to be substantially degraded and generally would be considered 
as not properly functioning (NMFS 1996b).  Second, climate change is expected to further 
degrade the suitability of habitats in the Central Valley through increased temperatures, 
increased frequency of drought, increased frequency of flood flows, and overall drier conditions 
(Lindley et al. 2007).  Third, estuarine habitats also have been substantially degraded (e.g., 
Sommer et al. 2007) and climate change is expected to further alter these habitats through sea 
level rise and hydrological changes.  Fourth, under current usage practices, human population 
growth will place an increasing demand on limited water supplies, potentially creating or 
exacerbating adverse effects to spawning, rearing, migratory, and estuarine habitats.  Lastly, the 
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proposed action is expected to produce stressors every year for the next 21 years that will further 
compromise the conservation value of rearing, migratory, and estuarine habitats (see table 9-9). 
 
9.6.4  Northern Sierra Nevada Diversity Group 
 
9.6.4.1  Steelhead Critical Habitat in the American River 
 
9.6.4.1.1 Status of Steelhead Critical Habitat in the American River 
 
The PCEs of critical habitat for lower American River steelhead include freshwater spawning, 
freshwater rearing, freshwater migration, and estuarine habitats.  There is a general consensus in 
the available literature suggesting that habitat for steelhead in the American River is impaired 
(CVP/SWP operations BA; Water Forum 2005a,b; SWRI 2001; McEwan and Nelson 1991; 
CDFG 2001).  Of particular concern are warm water temperatures during embryo incubation, 
rearing, and migration, flow fluctuations during embryo incubation and rearing, and limited 
flow-dependent habitat availability during rearing.  All of these concerns are related to water 
management operations of the CVP.   
 
In addition, the status of estuarine habitats for steelhead also is considered to be highly degraded 
as is evident by the collapse of pelagic organisms in the Delta (Sommer et al. 2007, IEP 2008).  
It is not immediately clear how the changes in the Delta ecosystem affect steelhead, but it is 
certain that substantial changes to steelhead estuarine habitat are occurring. 
 
9.6.4.1.2  Project Effects on Steelhead Critical Habitat in the American River 
 
Steelhead spawning (embryo incubation) and rearing PCEs in the American River are expected 
to be negatively affected by flow and water temperature conditions associated with the proposed 
action.  For example, steelhead spawning, egg incubation, and rearing habitat in the lower 
American River is adversely affected by flow fluctuations, which can result in redd dewatering 
and isolation, fry stranding, and juvenile isolation.  Additionally, steelhead egg incubation, 
juvenile rearing, and migratory habitat quality is expected to be reduced by the occurrence of 
warm water temperatures.   
 
9.6.4.1.3  Assess Risk to Steelhead Critical Habitat in the American River 
 
At least five factors, when considered together, suggest that implementation of the proposed 
action is expected to place critical habitat for American River steelhead at considerable risk.  
First, spawning, rearing, and migratory habitats within the American River are believed to be 
substantially degraded and generally would be considered as not properly functioning (NMFS 
1996b).  Second, climate change is expected to further degrade the suitability of habitats in the 
Central Valley through increased temperatures, increased frequency of drought, increased 
frequency of flood flows, and overall drier conditions (Lindley et al. 2007).  Third, estuarine 
habitats also have been substantially degraded (e.g., Sommer et al. 2007) and climate change is 
expected to further alter these habitats through sea level rise and hydrological changes.  Fourth, 
annual water demands by 2030 are expected to be about three to four times higher than current 
levels.  This increased water demand is expected to result in considerable challenges to flow and 
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water temperature management for American River aquatic resources below Nimbus Dam, and 
will likely exacerbate the adverse habitat conditions already occurring in the river under present 
day water demands.  Lastly, the proposed action is expected to produce stressors every year for 
the next 21 years that will further compromise the conservation value of spawning (i.e., embryo 
incubation), rearing, migratory, and estuarine habitats (see table 9-10). 
 
9.6.5  Southern Sierra Nevada Diversity Group 
 
9.6.5.1  Steelhead Critical Habitat in the Stanislaus River 
 
9.6.5.1.1  Status of Steelhead Critical Habitat in the Stanislaus River 
 
Steelhead critical habitat on the Stanislaus River has been designated up to Goodwin Dam.  The 
PCEs of critical habitat for Stanislaus River steelhead include freshwater spawning, freshwater 
rearing, freshwater migration, and estuarine habitats.  Although Stanislaus River water 
temperatures are generally suitable for spawning and rearing, during the smolt emigration life 
stage (January through June), steelhead are exposed to water temperatures that would prohibit 
successfully completing transformation to the smolt stage.  In addition, steelhead spawning and 
rearing habitat on the Stanislaus River is affected by the limited occurrence of flows that are 
sufficient to carry out natural geomorphic processes.  As such, sediment deposition on spawning 
habitats has decreased the availability of suitable spawning areas.  Without strategic releases for 
geomorphic processes to manage fine sediment deposition in spawning gravels, spawning beds 
will be increasingly choked with sediment and unsuitable for spawning.  The relatively low and 
uniform releases in the Stanislaus River adversely affect rearing habitat by reducing habitat 
complexity and decreasing connectivity with flood plains, areas proven to be high quality rearing 
habitats (Sommer et al. 2005).  In addition, the status of estuarine habitats for steelhead also is 
considered to be highly degraded as is evident by the collapse of the pelagic community in the 
Delta.  This collapse is, in part, related to dramatic habitat changes in recent years related to 
water quality, toxic algae blooms (e.g., Microcystis), and invasive species (e.g., the aquatic 
macrophyte Egeria densa).  It is not immediately clear how the changes in the Delta ecosystem 
affect steelhead, but it is certain that substantial alterations to steelhead estuarine habitat are 
occurring. 
 
9.6.5.1.2  Project Effects on Steelhead Critical Habitat in the Stanislaus River 
 
Aside from the effect to estuarine habitats, the factors affecting the current status of critical 
habitat for Stanislaus River steelhead are all related to operations of the East Side Division of the 
CVP.  Because the proposed action is the continued operation of the East Side Division in a 
manner that is presumably26 generally consistent with past operations, it is expected that the 
proposed action will continue to compromise the conservation value of the spawning, freshwater 
rearing, and freshwater migration corridors PCEs of critical habitat within the Stanislaus River.  
In addition, Delta division operations are expected to compromise estuarine habitat for steelhead 
by effects to outflow and water quality.   
 

                                                 
26 Many details of East Side Division operations were not clearly described in the project description. 
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9.6.5.1.3  Assess Risk to Steelhead Critical Habitat in the Stanislaus River 
 
At least five factors, when considered together, suggest that implementation of the proposed 
action is expected to place critical habitat for Stanislaus River steelhead at considerable risk.  
First, spawning, rearing, and migratory habitats within the Stanislaus River are believed to be 
degraded and generally would be considered as not properly functioning (NMFS 1996b).  
Second, climate change is expected to further degrade the suitability of habitats in the Central 
Valley through increased temperatures, increased frequency of drought, increased frequency of 
flood flows, and overall drier conditions (Lindley et al. 2007).  Third, estuarine habitats also 
have been substantially degraded (e.g., Sommer et al. 2007) and climate change is expected to 
further alter these habitats through sea level rise and hydrological changes.  Fourth, under current 
usage practices, human population growth will place an increasing demand on limited water 
supplies, potentially creating or exacerbating adverse effects to spawning, rearing, migratory, 
and estuarine habitats for steelhead from the Stanislaus River.  Lastly, the proposed action is 
expected to produce stressors every year for the next 21 years that will further compromise the 
conservation value of spawning, rearing, migratory, and estuarine habitats (see table 9-11). 
 
9.6.6  Assess Risk to Central Valley Steelhead Critical Habitat 
 
At least five factors, when considered concurrently, suggest that implementation of the proposed 
action is expected to place CV steelhead critical habitat at considerable risk.  First, the status of 
steelhead critical habitat is one characterized by severe degradation including factors such as 
warm water temperatures and low flows, loss of natural river function and floodplain 
connectivity through levee construction, direct loss of floodplain and riparian habitat, loss of 
tidal wetland habitat, a collapsed pelagic community in the Delta, and poor water quality 
associated with agricultural, urban, and industrial land use.  In general, much of the spawning, 
rearing, migratory, and estuarine habitat for steelhead would be considered as not properly 
functioning (NMFS 1996b).  Second, climate change is expected to further degrade the 
suitability of habitats in the Central Valley through increased temperatures, increased frequency 
of drought, increased frequency of flood flows, overall drier conditions (Lindley et al. 2007), and 
altered estuarine habitats through changes in hydrology and sea level rise.  Third, under current 
practices, human population growth will place an increasing demand for limited water supplies, 
potentially exacerbating adverse effects to spawning, rearing, migratory, and estuarine habitats.  
Lastly, the proposed action is expected to produce stressors every year for the next 21 years that 
will further compromise the conservation value of steelhead spawning and rearing habitats in 
Clear Creek, the mainstem Sacramento River, the American River, and the Stanislaus River, and 
further compromise the conservation value of migratory and estuarine habitats for all extant 
steelhead populations.   
 
Based on the analysis of available evidence, NMFS concludes that the proposed action is likely 
to reduce the conservation value of the critical habitat, as designated, for the conservation of CV 
steelhead (table 9-13).   
 
Table 9-13.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Central 
Valley Steelhead Designated Critical Habitat.  Application of Key Evidence is Provided in Italics.  Each 
selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to Not Likely 
to Adversely Affect (NLAA) and Adverse Modification of Critical Habitat (AD MOD). 

 553 



Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River, Clear 
Creek, and Stanislaus River flow regulation disrupting natural river function and 
morphology; (3) warm water temperatures in the mainstem Sacramento River, 
Clear Creek, the American River, and the Stanislaus River; (4) low late-summer 
flows in Clear Creek and in the American and Stanislaus rivers; (5) modified Delta 
hydrology associated with export operations (e.g., pulling water towards the 
Federal and State pumping plants) and (5) construction of the South Delta 
Permanent Gates. 

False Go to B 

True NLAA 

B 

Areas of designated critical habitat for CV steelhead are not likely to be 
exposed to one or more of those stressors or one or more of the direct or 
indirect consequences of the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to 
delay ~17% of the steelhead adults that spawn upstream of RBDD and all of the 
progeny from those adults are faced with reduced rearing habitat quantity and 
quality resulting from the formation of Lake Red Bluff.  (2) Holding, spawning, 
rearing, and migratory habitats in the Sacramento River, Clear Creek, and the 
Stanislaus River will be exposed to regulated flows and their effects on river 
processes and morphology every year through 2030.  (3) Each year through 2030, 
multiple habitat types including those supporting egg incubation and juvenile 
rearing in Clear Creek, the mainstem Sacramento River, the American River, and 
the Stanislaus River are expected to be exposed to water temperatures warmer than 
life stage-specific requirements.  (4) Each year through 2030, rearing habitats in 
Clear Creek and in the American and Stanislaus rivers will be exposed to low flows 
particularly during the late-summer. (5) As water is moved from the north Delta 
and from the San Joaquin River to the Federal and State export facilities, each year 
through 2030, a large portion of emigrating steelhead will be entrained in low 
quality habitats characterized by an abundant predator community, an aquatic 
environment degraded by pesticides and contaminants, and increased risk of direct 
entrainment at the facilities.  (5) Constructio of South Delta Permanent Gates will 
alter approximately 25 miles of waterways resulting in additional predator 
structure, altered hydrodynamics, and impacted migratory corridors for CV 
steelhead originating in the San Joaquin River basin. 

False Go to C 

C 

The quantity, quality, or availability of all constituent elements of CV 
steelhead critical habitat are not likely to be reduced upon being exposed to 
one or more of the stressors produced by the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations will reduce the 
quality of migratory habitat for steelhead adult immigration, as well as the quality 
and quantity of juvenile rearing habitat through the formation of Lake Red Bluff.  
(2) Loss of natural river function resulting from flow regulation has reduced the 

True NLAA 
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 quality and quantity of rearing and migratory habitats in the Sacramento River, 
Clear Creek, and the Stanislaus River.  (2) Each year through 2030, the provision 
of water temperatures warmer than life stage-specific requirements will reduce the 
quantity and quality of steelhead egg incubation habitats in Clear Creek, the 
mainstem Sacramento River, the American River, and the Stanislaus River; the 
quality of rearing habitats in Clear Creek and the American River also will be 
reduced.  (3) Low late-summer flows limit the availability of quality rearing habitat, 
including predator refuge areas.  (4) Each year through 2030, the quality of 
rearing and migratory habitats is reduced by entraining juvenile steelhead into low 
quality habitats in the central and south Delta.  (5)  Construction of South Delta 
Permanent Gates will increase structure for predators and diminish migratory 
corridor value of the South Delta waterways to CV steelhead originating in the San 
Joaquin River basin. 

False Go to D 

True - 

D 

Any reductions in the quantity, quality, or availability of one or more 
constituent elements of CV steelhead critical habitat are not likely to reduce 
the conservation value of the exposed area. 
Key Evidence:  Reductions in the conservation value of migratory, egg incubation, 
and rearing habitats are expected due to reductions in the quantity, quality, or 
availability of critical habitat constituent elements resulting from (1) RBDD 
operations; (2) flow regulation in the Sacramento River, Clear Creek, and 
Stanislaus River; (3) the provision of water temperatures warmer than life stage-
specific requirements in Clear Creek, the mainstem Sacramento River, the 
American River, and the Stanislaus River; (4) low late-summer flows in Clear 
Creek, and the American and Stanislaus rivers; (5) the movement of water towards 
the Federal and State pumping plants; and (6) Construction of South Delta 
Permanent Gates creates impediments to migration and increased predator habitat. 

False Go to E 

True No AD 
MOD 

E 

Any reductions in the conservation value of the exposed area of CV steelhead 
critical habitat are not likely to reduce the conservation value of the critical 
habitat designation. 
Key Evidence:  Because the conservation value of all inland habitat types 
(migratory, spawning/egg incubation, and rearing) necessary to complete the 
steelhead life cycle are expected to be reduced with implementation of the proposed 
Action, it is likely that the conservation value of the critical habitat designation will 
also be reduced. 

False AD 
MOD 

 
9.7  Southern DPS of North American Green Sturgeon 
 
9.7.1  Status of Southern DPS of Green Sturgeon 
 
Information regarding the migration and habitat use of the Southern DPS of North American 
green sturgeon has recently emerged.  Lindley (2006) presents preliminary results of large-scale 
green sturgeon migration studies.  Lindley’s analysis verified past population structure 
delineations based on genetic work and found frequent large-scale migrations of green sturgeon 
along the Pacific Coast.  It appears North American green sturgeon are migrating considerable 
distances up the Pacific Coast into other estuaries, particularly the Columbia River.  This 
information also agrees with the results of green sturgeon tagging studies completed by CDFG in 
which a total of 233 green sturgeon were tagged in the San Pablo Bay estuary between 1954 and 
2001 (CDFG 2002), and tagged fish were recovered in the Sacramento-San Joaquin Estuary, in 
the Pacific Ocean off of California, from commercial fisheries off of the Oregon and Washington 
coasts, and in the Columbia River estuary (CDFG 2002).   
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Known historic and current spawning occurs in the Sacramento River (Adams et al. 2002, 
Beamesderfer et al. 2004).  Currently, upstream migrations of sturgeon are permanently blocked 
by Keswick and Shasta Dams on the mainstem of the Sacramento River.  Although no historical 
accounts exist for identified green sturgeon spawning occuring above the current dam sites, 
suitable spawning habitat existed based on habitat assessments done for Chinook salmon, and the 
geographic extent of spawning has been reduced due to the impassable barriers constructed on 
the river.  Seasonal operations of the RBDD have blocked various proportions of the adult 
spawning population from the river segments upstream of the RBDD location.  The initial 
operations of the RBDD with gates in all year long precluded any spawning above the dams 
location for green sturgeon.  Subsequent modifications in the RBDD gate closures have allowed 
greater fractions of the population to ascend the Sacramento River and utilize the spawning 
habitat in the upper 53 mile between the RBDD and the ACID Dam.  Today, with gates in from 
May 15 to September 15, approximately half of the adult spawning run of green sturgeon can 
move upriver to spawn prior to the closure of the gates. 
 
Green sturgeon spawning on the Feather River (part of the Southern DPS) is suspected to have 
occurred in the past due to the continued presence of adult green sturgeon in the river below 
Oroville Dam.  This continued presence of adults below the dam suggests that fish are trying to 
migrate to upstream spawning areas now blocked by the dam which was constructed in 1968. 
 
Spawning in the San Joaquin River system has not been recorded historically or observed 
recently, but alterations of the San Joaquin River tributaries (Stanislaus, Tuolumne, and Merced 
Rivers) and its mainstem occurred early in the european settlement of the region.  During the 
latter half of the 1800s impassable barriers were built on these tributaries where the water 
courses left the foothills and entered the valley floor.  Therefore, these low elevation dams have 
blocked potentially suitable spawning habitats located further upstream for approximately a 
century.  Additional destruction of riparian and stream channel habitat by industrialized gold 
dredging further disturbed any valley floor habitat that was still available for sturgeon spawning.  
It is likely that both white and green sturgeon utilized the San Joaquin River basin for spawning 
prior to the onset of European influence, based on past use of the region by populations of 
Central Valley spring-run Chinook salmon and steelhead.  These two populations of salmonids 
have either been extirpated or greatly diminished in their use of the San Joaquin River basin over 
the past two centuries. 
 
Population abundance information concerning the Southern DPS green sturgeon is described in 
the NMFS status reviews (Adams et al. 2002, NMFS 2005a).  Limited population abundance 
information comes from incidental captures of North American green sturgeon from the white 
sturgeon monitoring program by the CDFG sturgeon tagging program (CDFG 2002).  By 
comparing ratios of white sturgeon to green sturgeon captures, CDFG provides estimates of adult 
and sub-adult North American green sturgeon abundance.  Estimated abundance between 1954 
and 2001 ranged from 175 fish to more than 8,000 per year and averaged 1,509 fish per year.  
Unfortunately, there are many biases and errors associated with these data, and CDFG does not 
consider these estimates reliable.  Fish monitoring efforts at RBDD and GCID on the upper 
Sacramento River have captured between 0 and 2,068 juvenile North American green sturgeon 
per year (Adams et al. 2002).  In the past two years, captures of juvenile and larval green 
sturgeon have been very low at the monitoring sites at RBDD and GCID, indicating poor 
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spawning success in those years.  Information regarding changes in the abundance of the 
Southern DPS of green sturgeon includes changes in abundance at the John E. Skinner Fish 
Facility between 1968 and 2001.  The average number of North American green sturgeon 
entrained per year at the State Facility prior to 1986 was 732; from 1986 on, the average per year 
was 47 (70 FR 17386).  For the Harvey O. Banks Pumping Plant, the average number prior to 
1986 was 889; from 1986 to 2001 the average was 32 (70 FR 17386).  In light of the increased 
exports, particularly during the previous 10 years, it is clear that the abundance of the Southern 
DPS of green sturgeon is dropping.  Additional analysis of North American green and white 
sturgeon taken at the Fish Facilities indicates that take of both North American green and white 
sturgeon per acre-foot of water exported has decreased substantially since the 1960s (70 FR 
17386).  Catches of sub-adult and adult North American green sturgeon by the IEP between 1996 
and 2004 ranged from 1 to 212 green sturgeon per year (212 occurred in 2001), however, the 
proportion of the Southern DPS of green sturgeon in the catch is unknown as these captures were 
primarily located in San Pablo Bay which is known to consist of a mixture of Northern and 
Southern DPS green sturgeon.  Recent spawning population estimates using sibling based 
genetics by Israel (2006) indicates a maximum spawning population of 32 spawners in 2002, 64 
in 2003, 44 in 2004, 92 in 2005, and 124 in 2006 above RBDD (with an average of 71).  Based 
on the length and estimated age of post-larvae captured at RBDD (approximately 2 weeks of 
age) and GCID (downstream; approximately 3 weeks of age), it appears the majority of Southern 
DPS of green sturgeon are spawning above RBDD.  Note, there are many assumptions with this 
interpretation (i.e., equal sampling efficiency and distribution of post-larvae across channels) and 
this information should be considered cautiously.  
 
Since green stugeon are iteroparous, each adult is capable of making several spawning runs 
during its lifestime.  Individual year class failures may occur, but do not necessarily indicate an 
eminent decline in the viability of the DPS.  Sustained year class failures over multiple years 
however are cause for concern.  In addtion, rapid declines in the abundance of any one of the life 
history stages would also indicate potential population declines, particularly in the sub-adult or 
adult life stages.  Population modeling by Heppell (2007) indicates that there is a high sensitivity 
to population growth rate to changes in the survival rate of sub-adult and adult fish.  Significant 
increases in the survival of YOY green sturgeon or annual egg production is required to 
compensate for even low levels of mortality in the sub-adult or adult life stages (i.e., mortalities 
associated with RBDD gate operations), since a single female produces between 60,000 and 
140,000 eggs (Moyle et al. 1992, Moyle 2002), and therefore, contributes significantly to the 
population.  In response to these vulnerabilities, sportfishing for green sturgeon has been 
eliminated in the west coast waters of the United States where members of the Southern DPS 
would be vulnerable to harvest.  However, hooking mortality of green stugeon incidently caught 
while fishing for other species (i.e., white stugeon) still remains and significant numbers of green 
sturgeon remain vulnerable to sportfishing in the Delta and Sacramento River regions.  Even low 
levels of hooking mortality can be detrimental to a long-lived species such as green sturgeon.    
Long-lived species like sturgeon can experience several encounters with sportfisherman, and 
each encounter carries a risk of mortal injury from the hooking experience.  As the number of 
encounters increases, the risk of a fatal encounter increases.  Southern DPS of green sturgeon 
become vulnerable to sportfishing when in the Sacramento River and the San Francisco Bay 
estuary during spawning migrations as well as during summer “congregations” in estuaries along 
the west coast of the United States.  This vulnerability is somewhat mitigated by the dominant 
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marine orientation of these fish which, distances them from sportfishing exposure for most of 
their life history.  Another factor that influences green sturgeon adult and sub-adult life stages is 
the bycatch of green sturgeon during the commercial white sturgeon fisheries activities in the 
northwest.  During commercial fishing activities, some green sturgeon are retained as bycatch.  
This represents a source of mortality to the Southern DPS of green sturgeon due to the high 
percentage of Southern DPS of green sturgeon in the Columbia River estuary population. 
 
Southern DPS of green sturgeon remain vulnerable to extirpation due to the one extant 
population in the Sacramento River and the limited region in which they can potentially spawn in 
the river.  No identified spawning activities, let alone separate independent populations, have 
been identified in the large tributaries to the Sacramento River to date and thus the one spawning 
population is vulnerable to catastrophes in the spawning reach surrounding the RBDD (i.e., 
contaminant spills, increasing water temperatures, flow alterations, etc.).  To further complicate 
the determination of the status of the Southern DPS of green sturgeon, no empirical estimates of 
abundance or recruitment exist  for this population. 
 
NMFS concludes that the Southern DPS of North American green sturgeon remains vulnerable 
to becoming endangered in the future.  Key factors upon which this conclusion is based include: 
(1) the DPS is comprised of only one spawning population, which has been blocked from a 
considerable portion of its potenital spawning range by dams; (2) the DPS has a risk associated 
with catastrophies and environmental perturbations (i.e.¸water temperatures from Shasta Dam) 
affecting current spawning areas; (3) mortality rates have significant effects on the adult and sub-
adult life history phases of this long-lived species.  There are both advantages and disadvantages 
to being long lived.  Longevity enables the species to engage in multiple spawning behaviors 
over a long period of time, thus increasing the probability that at least one brood year will be 
successful to carry on the population, among many less successful brood years.  However, long-
lived species tend to be slower in reaching maturity (12 to 20+ years for green sturgeon) and fish 
may be lost to the population before being able to spawn for the first time.  In addition, long-
lived species are at agreater risk of mortality due to exposure to fishing presure and 
contaminants. 
 
9.7.2  Baseline Stress Regime on Southern DPS of Green Sturgeon Excluding CVP/SWP 
Effects 
 
Adult green sturgeon in the Delta would likely experience sublethal effects through their 
exposure to a wide spectrum of contaminants, including originating in urban stormwater runoff 
(which contains petroleum products, heavy metals, and various organic solvents), agricultural 
derived runoff (i.e., pesticides, herbicides, fertilizers, and animal wastes), and wastewater 
treatment plants (metals, pharmaceuticals, personal care products, organic compounds).  The 
duration and level of exposure, as well as the toxicity of the contaminant, will determine the 
physiological response of the exposed organism.  Sublethal effects include a diminishment of 
their reproductive capacity, and incremental increases in the contaminant burden in their body 
tissues.  Reductions in productivity are possible due to the effects of contaminants on the 
different organ systems and metabolic pathways of the exposed organism, which may lead to 
reduced egg fertility or reduced viability and motility of spermatocytes during spawning.  
Furthermore, since sturgeon are long lived (60 to 70+ years) they may make repeated spawning 
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migrations through the Delta and continually ingest contaminated forage prey or be exposed to 
contaminants in the water column that would add to their total body burdens during these 
spawning migrations. 
 
Adult green sturgeon will be exposed to fishing pressure and may experience hooking mortalities 
due to incidental catches by fisherman targeting other species.  Reductions in productivity may 
occur if gravid females abort their spawning runs following capture and returning downstream 
without spawning due to excessive stress from the capture and release process.  The proportion 
of the population that will exhibit this behavior is unknown. 
 
9.7.3  Summary of Proposed Action Effects on Southern DPS of Green Sturgeon 
 
Delays in migration of adult green sturgeon due to the installation and operation of the SDIP 
phase 1 facilities are possible.  Adult green sturgeon that are trapped behind the permanent gates 
could have a reduction in fitness, or eventual mortality of the exposed fish over the course of the 
irrigation season, if this impedance in movement is prolonged due to lower water quality and 
limitations in food resources. 
 
Adult green sturgeon encounter major passage impediments due to the installation of dams in the 
upper Sacramento River.  The ACID dam is installed in early April approximately 5 miles below 
Keswick Dam, effectively blocking utilization of this stretch of river by spawning green 
sturgeon.  Those green sturgeon that pass through the location of the ACID dam prior to its 
closure in April, are trapped behind it until it is removed in October.  The percentage of the green 
sturgeon spawning run that would be able to access the uppermost 5 miles of the Sacramento 
River below Keswick Dam is unknown precisely, but is estimated to represent at a maximum 
only 15 to 20 percent of the spawning run based on fish passage estimates at RBDD 53 miles 
downstream.  It is highly likely that only a small proportion of those fish passing the location of 
the RBDD prior to April would move all the way up to the location of the ACID dam.   
 
The RBDD is currently installed in the Sacramento River on May 15 and effectively blocks adult 
green sturgeon movement upstream of its location until it is removed in mid-September.  This 
schedule also will be implemented during the near future operations as described in the 
CVP/SWP operations BA.  Future operations (beginning in 2019) will modify gate closures to 10 
days in May, open in June, and closed again during the months of July and August.  RBDD 
blocks access to 53 miles of spawning and rearing habitat between the RBDD location and the 
ACID dam.  Under current operations, an estimated 35 to 40 percent of the potential spawning 
population moving upstream on the Sacramento River may be blocked by the closure of the 
RBDD based on run timing.  Fish that have successfully passed upstream of the dam before its 
closure are faced with injury or mortality when they move back downstream following their 
spawning activities.  Such an occurrence was observed in 2007, following the reopening of the 
RBDD gates with only a 6-inch clearance below the gates, when approximately 10 to 12 adult 
green sturgeon were killed due to impingement or physical trauma related to the gates.  Current 
and future gate closures will maintain a minimum of 12 inches of clearance below the gates to 
allow passage of adult sturgeon beneath the gates without impingement.  Closure of the RBDD 
gates also forces green sturgeon to hold below the dam.  These fish may not spawn at all before 
moving back downstream to the Delta and ocean, or are forced to spawn in areas downstream of 
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the RBDD.  Spawning activity has recently been confirmed near the confluence of Antelope 
Creek with the Sacramento River based on observations of spawning behavior and recovery of 
eggs downstream of the site.  However, relative success of these downstream spawning events 
compared to the success of spawning events occurring upstream of RBDD are unknown.  
Conditions may be less favorable downstream of the RBDD location for spawning, however 
ambient water temperature appears to be generally satisfactory (≤17oC or 62oF) in the 
Sacramento River downstream to Hamilton City during the critical egg fertilization and 
incubation period following spawning activities.  Water temperatures in excess of 17oC (62oF) 
cause substantial increases in egg mortality or deformities in the hatching embryos if they 
survive to hatching.  The suitability of spawning areas below the location of the RBDD may be 
further restricted in the future due to increased water temperatures resulting from climate 
warming as modeled under the different climate change scenarios.  NMFS anticipates that the 
closures of the ACID dam and the RBDD will increase the loss of individual fish and reduce the 
abundance of adult fish in the green sturgeon population.   
 
Additional potential adult migration barriers to green sturgeon on the Sacramento River include 
the Sacramento Deep Water Ship Channel Locks, Freemont Weir, Sutter bypass, and the DCC 
gates.  Table 9-14 provides a summary of of proposed action-related effects on the Southern DPS 
of green sturgeon. 
 
9.7.4  Assess Risk to the Population 
 
Events such as the 2007 loss of fish from the gate closures potentially impact a large segment of 
the spawning adult population that may take years to replace (i.e., large mature females with 
correspondingly large egg production and spawning success).  Blocking access to upstream 
spawning areas will likely decrease the productivity and spatial structure of the green sturgeon 
population.  Fish forced to spawn below RBDD are believed to have a lower rate of spawning 
success compared to those fish that spawn above the RBDD.  Furthermore, reductions in genetic 
diversity may occur due to the separation of upstream and downstream populations created 
anthropogenically by the closure of the RBDD on May 15.  The dam closure artificially prevents 
the interchange of genetic material between early arriving fish that move above the dam prior to 
closure and those blocked by the dam after May 15.  It is unknown whether early migratory 
behavior is genetically controlled or is a result of random events in the life history of the fish as 
it migrates from the ocean to the spawning grounds and whether this characteristic is expressed 
each time the individual fish makes a spawning run during its lifetime.  In addition, the 
population level effects will take several years to manifest themselves due to the longevity of the 
species.  Failure to spawn successfully in one particular year can be mitigated for in a following 
spawning cycle, giving rise to strong year classes and weaker year classes.  The trend over 
several generations will dictate the trajectory of the population viability over time. 

 560 



 561 

Table 9-14.  Summary of proposed action-related effects on green sturgeon.  

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

Immigration 
 
Delta  

Feb. – 
Sep. 
(peak 
in 
Apr.) 

DCC gate 
closures & 
Suisun Marsh 
Salinity 
Control gates 

Sturgeon adults could encounter gates closed 
from March to May and may be delayed in the 
Delta resulting in greater exposure to both the in-
river sport fishery and contaminants (reduced 
egg fertility or reduced viability and motility of 
spermatocytes during spawning).   

Low Low - based on 
limited 
supporting data  

Unknown 

2 Adult 
Immigration 
 
Delta 

Feb. – 
Sep. 
(peak 
in 
Apr.) 

Low flows 
during March - 
June 

Adults need large spring flows to trigger 
movement upstream to spawn, low flows may 
delay migration enough that they encounter 
RBDD closed gates and are forced to spawn 
downstream in less suitable habitat 

Medium Low – based on 
new data from 
acoustic tagging 
studies 

Reduced 
survival and 
reduced 
reproductive 
success 

3 Adult 
Immigration 
& emigration 
 
RBDD 

Mar. - 
Dec. 

RBDD gate 
closures from 
May 15 - Sept 
15 (every year 
until 2019).   

Passage blocked, 55 miles of spawning habitat 
made inaccessible upstream of RBDD after May 
15.  Large aggregations (25-30) of spawning 
adults observed below RBDD gates.  Estimate 
35% of run blocked based on run timing. Also, 
mortalities associated with downstream passage 
under gates post-spawn, or after fish move above 
gates. Mortality greater on larger, more fecund 
females that can not fit through 18” opening. 

High High - based on 
run timing and 
recent tagging 
studies. 

Reduced 
survival and 
reduced 
reproductive 
success.   

4 Adult 
Immigration 
 
RBDD 

Apr. – 
May 
15. 

Emergency 10 
day gate 
closures prior 
to May 15 

Greater proportion of run blocked or delayed (40 
-50%) based on run timing; Greater mortalities 
associated with downstream passage under gates 
post spawn, or after moving above gates, sub 
lethal effects on eggs in fish and energy loss. 
Occurred twice in the past 10 years, but the 
frequency of occurrence may increase with 
climate change. 

High  High - based on 
TCCA EIS/EIR 
on RBDD and 
CVP/SWP 
operations BA 

Reduced 
survival and 
reduced 
reproductive 
success. (note: 
12 adults were 
observed killed 
by gates in 
2006) 

5 Adult 
Immigration 
 
ACID 

Apr. – 
May 
15. 

ACID gate 
closure April 
to November 

Passage blocked to 5 miles of spawning habitat 
below Keswick Dam. 

Unknown Low – based on 
unknown use of 
this area and how 
much spawning 
area is needed.   

Reduced habitat 
and reduced 
spawning 
success. 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
6 Adult  

Holding 
Jun. – 
Dec. 

Water 
temperature 
and low flows 

Some adults may hold for up to 9 months in the 
upper Sacramento River post-spawn waiting for 
an increase in flows to move downstream.  Water 
temperatures in September and October may 
stress individuals after the cold water pool is 
depleted.  Dam controlled releases reduce the 
first pulse flow in the fall that may trigger adults 
to move out, so they stay longer in upstream 
areas. Delayed emigration, reduced fitness, 
longer periods between spawning runs. 

Unknown Low – no studies 
to support 

Reduced 
probability of 
repeat spawning 

7 Spawning 
 
 
 

Apr. – 
Jul. 

RBDD Unnatural spawning site created below RBDD, 
portion of run (only one in CV) spawning in 
water 2 feet deep, channel aggradation below 
hydraulics from gates, eggs suffocate, 
physiological effects, delayed hatch, greater 
predation on eggs due to accumulation of 
predators below RBDD. 

High High – based on 
one year’s data on 
egg and larval 
spawning habitat 
(FWS 2009), 
visual 
observations, & 
underwater 
photography 

Reduced 
reproductive 
success 

8 Spawning 
 
 
 

Apr. – 
Jul. 

Blocked 
access to 
individuals 
above RBDD 

Spawners that migrate upstream after the RBDD 
gates go in are prevented from spawning with the 
portion of the run already above RBDD. 
Reduced genetic variability, may reduce 
fecundity, or size of fish if smaller adults arrive 
first. 

Unknown Low, based on 
theory 

Reduced 
survival and 
reduced 
reproductive 
success 

9 Embryo 
Incubation 

Apr. – 
Aug. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
below 
Hamilton City. 

For eggs and fry that are spawned in areas from 
RBDD to Hamilton water quality is less suitable 
than above RBDD where temperatures are 
controlled for winter-run Chinook.  Eggs 
suffocate from less flow, physiological effects, 
delayed hatch, greater predation on eggs due to 
presence of non-native introduced warm-water 
species. 

Medium Low – spawning 
distribution based 
on only one year 
of data. 

Reduced egg 
survival and 
reduced 
reproductive 
success  
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
10 Juvenile 

rearing to 
Hamilton 
City 
 

Jun. – 
Nov. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements. 

Juveniles move downstream immediately after 
hatching and encounter sub-optimum 
temperatures below Hamilton City due to 
truncated spawning distribution.  May reduce 
growth, feeding, delay emigration, and increase 
predation from warm water species. 

Unknown Low – no studies 
to support this. 

Reduced 
survival 

11 Juvenile 
rearing 
 
Upstream of 
and including 
RBDD 

Jun. – 
Nov. 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15 

Reduction in rearing habitat quality and quantity; 
increased predation; change in riparian habitat, 
change in river conditions, change in food 
supply, every year since 1967. 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced growth 

12 Juvenile 
rearing 
 
Upstream of 
and including 
RBDD 

Jun. – 
Nov. 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15 

Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 100 % of the green sturgeon DPS 
that is spawned above RBDD would be exposed 
to higher concentrations of predators when the 
gates are in (TCCA 2008).  Approximately 70 % 
of the entire green sturgeon DPS spawns above 
RBDD. 
 
Mortality of juvenile salmon emigrating past 
RBDD when the gates are in ranges from 5 -50 
% (Vogel et al. 1988; Tucker 1998); mortality of 
juvenile green sturgeon emigrating past RBDD 
has not been estimated, but is expected to 
increase when the gates are in. 

High  High - based on 
knowledge of 
predator 
congregations 
forming below 
RBDD when the 
gates are in 
(Vogel et al. 
1988; Tucker 
1998) and timing 
of sturgeon 
emigration 
(TCCA 2008). 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
13 Juvenile 

rearing 
 
RBDD to 
Colusa 

Jul. - 
Nov. 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process   

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced 
the quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 
 

High High - based on 
CALFED funded 
Ecological Flow 
Tool model (Sac 
EFT) 

Reduced 
survival and 
reduced growth 

14 Juvenile 
rearing 

Jul. – 
Nov. 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High based on the 
abundance of 
unscreened 
diversions and on 
Mefford and 
Sutphin (2009) 

Reduced 
survival 

15 Juveniles 
 
Colusa to 
Sacramento 
and enter 
Delta 

Jun. – 
Nov. 

Low fall flows Emigration delayed, higher predation; fewer 
juveniles survive to the Delta 

Unknown Low – no studies 
to support this. 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
16 Juvenile and 

subadult 
 
Clifton Court 
Forebay 

July 
and 
August 

Contaminant 
exposure 

Application of copper based herbicides for 
control of aquatic nuisance weeds and algae in 
Clifton court Forebay.  Copper is a toxicant that 
affects among other things, olfactory response, 
animal behavior, and cellular membrane 
functions at low concentrations.  Expected 
treatment concentrations of dissolved copper, as 
formulated in the herbicide, exceed lethal levels 
for salmonids.  Presence of green sturgeon 
during July and August is confirmed by the 
salvage records of the CVP and SWP facilities 

Unkown - 
Percentage of 
juvenile 
Southern DPS 
population 
within CCF is 
unknown 
during 
treatment 
period 

High 
Copper is a 
known toxicant to 
sturgeon based on 
studies with other 
sturgeon species.  
Sensitivities are 
similar to 
salmonids based 
on previous 
studies.  Exposure 
studies of copper 
herbicide 
Komeen have 
indicated 
potential adverse 
effects on 
exposed 
salmonids  

Reduced 
survival, 
reduced growth, 
impaired 
olfactory 
response.  
Alterations to 
cellular 
membrane 
functions. 

17 Juvenile and 
subadult 
 
Delta 

Year 
round 

Loss at export 
facilitiest 

Entrainment of fish at the CVP and SWP in 
every month of the year.  Louvers function well 
for larger fish but are inefficient for smaller fish.  
Fish behavior may make them susceptible to the 
cleaning practices of louvers. In louver studies, 
fish position themselves in front of the bottom 
edge of the louver along the channel bottom, 
where they held position for prolonged periods of 
time. 

Unknown 
 
Percentage of 
juvenile and 
subadult 
population 
entrained is 
unknown due 
to lack of 
information on 
the abundance 
of these life 
stages. 

Medium 
 
Studies with other 
species of 
sturgeon have 
assessed louver 
efficiency.  No 
studies with green 
sturgeon  

Reduced 
survival 

 565 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
18 Juvenile and 

subadult 
Delta 

Year 
round 

Impaired 
movements 
through South 
Delta 
waterways due 
to temporary 
barriers or 
permanent 
gates 

Presence of green sturgeon juveniles and 
subadults in the South Delta as confirmed by 
salvage records.  Presence occurs during 
operational season of barriers (April through 
November).  Closure of waterways by temporary 
barriers or permanent gates inhibits movement of 
green sturgeon through these waterways.  Fish 
located upstream of barriers are potentially 
trapped or delayed in their movements 
downstream by structures. 

Unknown 
 
The 
percentage of 
the population 
present in 
South Delta 
waterways is 
unknown.  
Movement 
patterns of 
green sturgeon 
in the Delta is 
unknown. 

Low 
 
Lack of 
abundance data 
for juvenile and 
subadult green 
sturgeon limits 
assessment.  
Increased 
collection of 
green sturgeon 
movements 
within Delta 
waterways from 
acoustic tagging 
is in early phases, 
data is 
preliminary 

Reduced 
survival, 
reduced growth 
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9.7.5  Assess Risk to the Southern DPS of Green Sturgeon 
 
The proposed action is expected to have population level consequences for the single extant population in the mainstem Sacramento 
River.  In consideration of the status and future baseline of the species, these population-level consequences greatly increase the 
extinction risk of the species.  Given the evidence of the reduction in numbers, reproduction and/or distribution of the species, NMFS 
concludes that Reclamation has not ensured that the proposed action is not likely to appreciably reduce the likelihood of the viability, 
and therefore the likelihood of both the survival and recovery of the Southern DPS of North American green sturgeon (table 9-15). 
 
Table 9-15.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the Southern DPS of North American Green 
Sturgeon.  Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to Not Likely to Adversely Affect 
(NLAA) and Not Likely/Likely to Jeopardize (NLJ/LJ).   
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or indirect adverse consequences on the 
environment 
Key Evidence:  Proposed action-related stressors adversely affecting the environment include: (1) RBDD operations (i.e., 
impeding fish passage upstream, degrading rearing and migratory habitat through the formation of Lake Red Bluff,  creating 
favorable conditions for predators below the RBBDD structure, and creating lethal conditions for passage under the lowered 
gates); (2) warm water temperatures in the mainstem Sacramento River below RBDD that exceed green sturgeon egg 
development criteria; (3) modified Delta hydrology associated with export operations (e.g., pulling water towards the Federal 
and State pumping plants); and (4) impediments to free movement in the channels of the South Delta due to construction of the 
South Delta Permanent Gates. 

False Go to 
B 

True NLAA 

B 

Southern DPS of green sturgeon individuals are not likely to be exposed to one or more of those stressors or one or more 
of the direct or indirect consequences of the proposed action 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to block ~35 to 40 % Southern DPS green sturgeon 
adults migrating upstream; 100 percent of green sturgeon juveniles spawned above the RBDD would be exposed to greater 
predation and potential injury due to high turbulence when passing through the RBDD gates from May 15 to September15 while 
emigrating downstream; adult mortalities have recently been recorded due to “emergency gate operations;” (2) Each year 
through 2030, green sturgeon are expected to be exposed to water temperatures warmer than life stage requirements during 
spawning, and egg incubation; (3) As water is moved from the north Delta to the export facilities in the south Delta, each year 
through 2030, green sturgeon juveniles will have increased exposure to an abundant predator community, an aquatic 
environment degraded by pesticides and contaminants from domestic and agricultural sources, and direct entrainment at the 
Federal and State pumping plants; and (4) Operations of the Permanent Gates in the South Delta will impede or block free 
movement of green sturgeon within the affected channels of the South Delta. 

False Go to 
C 
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True NLAA 

C 

Southern DPS of green sturgeon individuals are not likely to respond upon being exposed to one or more of the stressors 
produced by the proposed action 
Key evidence.  (1) Operation of the RBDD will block upstream migration of spawning green sturgeon adults, preventing them 
from accessing spawning habitat above the location of RBDD and separating the spawning population into two subgroups – an 
early migrating group and a late migrating group based on the gate closure timing. Juvenile green sturgeon are expected to fall 
prey to predators below the RBDD structure during downstream migrations, adult sturgeon will be vulnerable to impingement or 
injury by the lowered gates as has occurred in the past; (2) Water temperatures below RBDD become progressively warmer, 
limiting the success of egg development following spawning for those fish not ascending above the RBDD location.  Water 
temperatures above approximately 17oC increase the rate of mortality or deformities in the developing embryos and larval 
sturgeon; (3) Operations of the export facilities draw fish into the South Delta and increase their vulnerability to export 
entrainment resulting in increased levels of death or injury; and (4) Operations of South Delta Permanent gates result in loss of 
free movement through the channels of the South Delta and increased exposure to water quality issues such as contaminants and 
high temperatures. 

False Go to 
D 

True NLAA 

D 

Any responses are not likely to constitute “take” or reduce the fitness of the Southern DPS of green sturgeon individuals 
that have been exposed. 
Key evidence.  (1) Separation of spawning adult population into two potential subgroups limits the free flow of genetic materials 
within the spawning population.  Increased susceptibility of juveniles to predation or injury occurs during passage through the 
RBDD structure.  Adults passing under the lowered gates are expected to have an increased risk of injury or mortality;  (2) 
Reduced viability of eggs and increases in larval deformities due to elevated water temperatures reduces the overall success of 
the spawning events; (3) Loss of green sturgeon juveniles occurs through “take” of the fish at the export fish collection facilities, 
leading to death, injury, or loss to the system by passing through the louvers and into the diversion channels during operational 
activities such as cleaning; and (4) Operation of the Permanent Gates delays or hinders free movement of fish within the South 
Delta channels and increases the duration of their exposure to stressors such as contaminants from agricultural drain water 
discharges, wastewater discharges and .low dissolved oxygen. 

False Go to 
E 

True NLJ 

E 

Any reductions in individual fitness are not likely to reduce the viability of the populations those Southern DPS of green 
sturgeon individuals represent. 
Key Evidence:  The cumulative effects of RBDD operations, warm water temperatures (particularly below the RBDD site), 
project-related impacts in the Delta, and other project-related stressors (see table 9-2) are expected to sufficiently reduce the 
survival and/or reproductive success Southern DPS green sturgeon individuals at multiple life stages every year through 2030 
such that key population parameters (i.e. spatial structure, diversity, and abundance) will be appreciably reduced (see section 
9.1.4 Assess Risk to the Population).  Reductions in these parameters over the next 21 years will likely reduce the viability of the 
population. 

False Go to 
F 

True NLJ 
F 

Any reductions in the viability of the exposed populations are not likely to reduce the viability of the species. 
Key evidence:  The Southern DPS of green sturgeon is solely composed of the Sacramento River population.  Therefore, because 
the viability of this population is expected to be reduced by stressors related to the proposed Action, the viability of the species 
also is expected to be reduced. False LJ 
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9.8  Southern DPS of Green Sturgeon Proposed Critical Habitat 
 
9.8.1 Status of Proposed Southern DPS of Green Sturgeon Critical Habitat 
 
As described in section 4.2.3.4, proposed critical habitat for the Southern DPS of green sturgeon 
consists of several physical and biological features occurring in riverine, estuarine, and marine 
habitats that are essential for the conservation of the species.  However, all of those physical and 
biological features can be characterized as suitable and necessary habitat features that provide for 
successful spawning, rearing, and migration.  Therefore, we will be evaluating the effect of the 
proposed action in terms of its effect on spawning and rearing habitat and migratory corridors. 
 
9.8.1.1  For Freshwater Riverine Systems 
 
9.8.1.1.1  Water Quality 
 
Currently, the installation and operation of the RBDD gates blocks access to 53 miles of upper 
river with suitable water quality conditions for green sturgeon spawning and rearing.  Water 
temperature for spawning and egg incubation is near optimal (15oC) from RBDD upriver during 
the spawning season.  Below the RBDD, the water temperature begins to become warmer and 
exceeds the thermal tolerance level for egg incubation at Hamilton City.  The spawning area left 
for green sturgeon between RBDD and Hamilton City after the gates are lowered has the thermal 
regime gradually increase from optimal (15oC/ 59oF) to sub optimal where egg hatching success 
decreases and malformations in embryos increase above 17 oC/62 oF. 
 
9.8.1.1.2  Migratory Corridor 
 
The installation of the RBDD impairs the function of the Sacramento River as a migratory 
corridor for both green sturgeon adults and larvae/juveniles.  With the RBDD gates closed, the 
river no longer has unobstructed access to river habitat above the RBDD and changes the 
function of the river to such an extent that fish survival and viability are compromised.  The 
closed gates block green sturgeon access to approximately 53 river miles above the dam for 
approximately 35 to 40 percent of the spawning population that arrive after May 15.  The closed 
gates also decrease the conservation value of water flow by:  (1) increasing the potential for 
predation on downstream emigrating larvae in the slow moving water upstream of the RBDD 
(Lake Red Bluff), (2) increasing predation below the location of the RBDD due to the turbulent 
boil created below the structure and the concentration of predators located, and (3) creating 
increased potential for adults to be injured which try to pass beneath the gates during the closed 
operations.  The closed gate configuration also has the potential to alter the genetic diversity of 
the population by separating the population into upstream and downstream spawning groups 
based on run timing. 
 
9.8.1.1.3  Water Depth 
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The installation of the RBDD blocks green sturgeon from known holding pools above the 
structure.  Although known holding areas exist below the RBDD, such as the hole just above the 
GCID diversion, the RBDD decreases the number of deep holding pools the adult fish can access 
through its operation.  This affect is a result of blockage of the migratory corridor. 
 
9.8.1.2  For Estuarine Habitats 
 
9.8.1.2.1  Migratory Corridor 
 
The effects of combined exports present an entrainment issue that could delay migration or 
decrease survival or population viability through entrainment into the facilities itself.  These 
effects increase in magnitude the closer to the export facilities the fish are located.  Likewise, the 
installation of the barriers under the TBP enhance the potential to delay movement and migratory 
behavior in the channels of the South Delta.  Juvenile and adult green sturgeon may be trapped 
behind the barriers after installation/ operation for varying periods of time.  The rock barriers of 
the TBP present the greatest obstacle to movement during their installation and operation, but are 
removed from the channels each winter. 
 
9.8.2  Project Effects on Proposed Critical Habitat for Southern DPS of Green Sturgeon 
 
Project effects on proposed critical habitat are very similar to those described above in section 
9.8.1, except that: 
 

1. Reclamation proposes to reoperate RBDD in the future full build out scenario (beginning 
in 2019) so the RBDD gates would be in for approximately 2½ months each year rather 
than the current 4 months.  Beginning in 2019, the conservation value of the migratory 
corridor PCE would improve, however, it will still be degraded, compared to a migratory 
corridor with unimpeded passage opportunities throughout the spawning migration 
season, and 

 
2. The operation of the permanent barriers present differing levels of obstruction, depending 

on the usage of the inflatable barrier gates.  When the gates are up, movement past the 
gates is precluded, and migrational movement is impeded (migratory corridor PCE).  The 
value of the water quality and food resources PCEs would also be reduced. 

 
9.8.3  Assess Risk to the Proposed Southern DPS of Green Sturgeon Critical Habitat 
 
The value of the upstream migration corridor is currently degraded, mainly by the installation of 
the ACID Dam and RBDD.  When the gates are down, RBDD precludes access to 53 miles of 
spawning habitat for 35-40 percent of the spawning population of green sturgeon.  In the near 
term (through 2019), Reclamation proposes to continue to operate RBDD with gates in 4 months 
out of each year, thereby continuing to degrade the value of the migration corridor in two ways.  
First, RBDD has the potential to directly kill adult green sturgeon, thereby not meeting the 
essential feature of safe passage.  Once the RBDD gates are down, it completely blocks upstream 
migration, thereby not meeting the essential feature of unobstructed passage.  Although 



 
 571

reoperation of RBDD in the future full build out scenario will improve/increase unobstructed 
passage for adults, they will still experience obstructed passage over half the time. 
 
The conservation value of water quality (in terms of temperature) for successful spawning and 
egg incubation will likely be compromised downstream of RBDD, so that the progeny of green 
sturgeon that spawn downstream of RBDD will likely experience sublethal effects.   
 
The effects of the proposed action under climate change scenarios would likely further degrade 
the water quality PCE.  As climate change scenarios model water temperature increases by 1-
3°F, cold water in Shasta Reservoir will run out sooner in the summer, especially for those green 
sturgeon that do not successfully migrate upstream before the RBDD gates down period. 
 
Based on the analysis of available evidence, NMFS concludes that the proposed action is likely 
to reduce the conservation value of the critical habitat, as designated, for the conservation of the 
Southern DPS of green sturgeon (table 9-16).   
 
Table 9-16.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Southern 
DPS of Green Sturgeon Proposed Critical Habitat.  Acronyms and Abbreviations in the Action Column Refer 
to Not Likely to Adversely Affect (NLAA) and Adverse Modification of Critical Habitat (AD MOD). 
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct of 
indirect adverse consequences on the environment 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream to 
spawning areas, degrading rearing and migratory habitat through the formation of 
Lake Red Bluff, creating favorable conditions for predators below the RBDD 
location, creating downstream passage impediments to adult green sturgeon); (2) 
warm water temperatures in the mainstem Sacramento River, particularly below 
the RBDD location,; (3) modified Delta hydrology associated with export 
operations (e.g., pulling water towards  the Federal and State pumping plants); and 
(4) migratory corridor and rearing habitat modification due to the South Delta 
Permanent Gates construction and operation. 

False Go to B 

B 

Areas of designated critical habitat are not likely to be exposed to one or more 
of those stressors or one or more of the direct or indirect consequences of the 
proposed action 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to 
diminish the availability of spawning areas by blocking ~35 to 40 % of the Southern 
DPS of green sturgeon adults migrating upstream and accessing the spawning 
areas above RBDD; altering the hydraulics of the river for approximately 6 miles 
upstream of RBDD by the creation of Lake Red Bluff affecting flow and potentially 
diminish the quality of substrate for spawning in this reach due to sedimentation,  
increase the risk for 100 percent of green sturgeon juveniles spawned above the 

True NLAA 
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 RBDD passing downstream in their migratory corridor through the RBDD gates 
from May 15 to September15 due to elevated predator densities and extreme 
turbulence associated with the reach immediately below the RBDD structure;  
Degrades the quality of emigration corridors for adult green sturgeon that must 
pass under the closed RBDD gates exposing these fish to potential injury or death; 
(2) Each year through 2030, diminish the functionality of spawning areas, 
particularly those that may occur downstream of the RBDD location, by increasing 
water temperatures above physiological limits for developing eggs; (3) Each year 
through 2030, migratory corridors in the Sacramento-San Joaquin Delta will be 
affected year round by the conveyance of water by the export facilities through the 
waterways of the Delta.  Redirection and delay of fish movement and entrainment of 
fish by the export facilities are anticipated; (4) migratory corridors and water 
quality in the South Delta will be affected by the operations of the South Delta 
Permanent Gates following their construction. 

False Go to C 

True NLAA 

C 

The quantity, quality, or availability of all constituent elements of critical 
habitat are not likely to be reduced upon being exposed to one or more of the 
stressors produced by the proposed action 
Key Evidence:  (1) Each year through 2019, RBDD operations will reduce the 
quantity and quality of spawning habitat for adult Southern DPS green sturgeon by 
blocking access to Sacramento River reaches above RBDD from May 15 to 
September 15.  The quality of the migration corridor for downstream emigration of 
adult green sturgeon spawning above the RBDD is diminished by the closure of the 
RBDD.  The quality of the migration corridor for juvenile green sturgeon is 
negatively affected by the operation of the RBDD.  The quantity and quality of 
water quality and flow which influences rearing habitat is diminished by the 
formation of Lake Red Bluff behind the closed RBDD; (2) Each year through 2030, 
water temperatures warmer than life stage-specific requirements will reduce the 
quantity and quality of habitat necessary for Southern DPS green sturgeon 
spawning and egg incubation; (3) Each year through 2030, the quality of migratory 
corridor habitats is reduced by entraining juvenile green sturgeon into the South 
Delta under the influence of export actions; and (4)  Each year following the 
construction of the Permanent Operable Gates in the South Delta, gate operations 
will impede free movement of green sturgeon in the channels of the South Delta 
affected by the gates. 

False Go to D 

True - 

D 

Any reductions in the quantity, quality, or availability of one or more 
constituent elements of critical habitat are not likely to reduce the conservation 
value of the exposed area 
Key Evidence:  Reductions in the conservation value of migratory, spawning, and 
rearing habitats for Southern DPS of green sturgeon are expected due to reductions 
in the quantity, quality, or availability of critical habitat constituent elements 
resulting from RBDD operations, the provision of water temperatures in the 
Sacramento River warmer than life stage-specific requirements for Southern DPS 
of green sturgeon, and the movement of water towards the Federal and State 
pumping plants. 

False Go to E 

True No AD 
MOD 

E 

Any reductions in the conservation value of the exposed area of critical habitat 
are not likely to reduce the conservation value of the critical habitat 
designation 
Key Evidence:  Because the conservation value of several of the inland habitat 
types (migratory corridor ,water quality suitable for spawning and rearing and 
water flow) necessary to complete the green sturgeon life cycle are expected to be 
reduced with implementation of the proposed Action, it is likely that the 
conservation value of the critical habitat designation will also be reduced. 

False AD 
MOD 
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9.9  Southern Resident Killer Whales 
 
This section discusses the effects of the action in the context of the status of the species, the 
environmental baseline, and cumulative effects, and offers our opinion as to whether the effects 
of the proposed action are likely to jeopardize the continued existence of the Southern Residents. 
 
The Southern Resident killer whale DPS has fewer than 90 members and a variable productivity 
rate.  In NMFS’ opinion, the loss of a single individual, or the decrease in reproductive capacity 
of a single individual, is likely to reduce the likelihood of survival and recovery of the DPS.  
Thus the section 7 analysis must scrutinize even small effects on the fitness of individuals that 
increase the risk of mortality or decrease the chances of successful reproduction. 
 
A reduction in prey or a requirement of increased foraging efficiency may have physiological 
effects on Southern Residents.  In response to fewer or less dense prey patches, Southern 
Residents would need to expend additional energy to locate and capture available prey.  
Increased energy expenditure or insufficient prey may result in poor nutrition, which could lead 
to reproductive or immune effects or, if severe enough, death.  A reduction in prey is also likely 
to work in concert with other threats to produce an adverse effect.  For example, insufficient prey 
could cause whales to rely upon their fat stores, which contain high contaminant levels, 
impairing reproductive success or compromising  immune function. 
 
Based on persuasive scientific information that Southern Residents prefer Chinook salmon in 
inland waters of Washington State and British Columbia, they are likely to also prefer Chinook 
salmon when available in coastal waters of their range, which extends south to Central 
California.  Southern Residents overlap with the occurrence of Central Valley Chinook salmon, 
which are available to Southern Residents across their coastal range, and in greater magnitude 
south of Cape Falcon.  Some of the numerous sightings of Southern Residents in California 
waters have coincided with large runs of salmon, with feeding witnessed in Monterey Bay.  
Additionally, there is genetic and chemical evidence that Chinook salmon from the Central 
Valley are consumed by Southern Residents (i.e., genetic identity confirmed from prey remains, 
and DDT-signature in the whales). 
 
In the long-term, the proposed action increases the risk of extinction of winter-run and spring-run 
ESUs.  Their extinction would reduce prey availability and increase the likelihood for local 
depletions of prey in particular locations and times.  In response, the Southern Residents would 
increase foraging effort or abandon areas in search of more abundant prey.  Fewer populations 
contributing to Southern Residents’ prey base reduces the representation of diversity in life 
histories, resiliency in withstanding stochastic events, and redundancy to ensure there is a margin 
of safety for the salmon and Southern Residents to withstand catastrophic events.  These 
reductions increase the extinction risk of salmon and Southern Residents. 
 
Additionally, the proposed action reduces the abundance of naturally produced CV fall-run, 
while increasing the abundance of hatchery produced fall-run.  Although the proposed hatchery 
production may replace the lost natural production in the short term, over the long term it is 
uncertain whether the lost natural production can be replaced.  There is also no evidence that a 
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population that is predominantly produced in hatcheries can persist over the long term.  
Moreover, some of the current hatchery practices are likely to diminish the productivity, 
distribution and diversity of CV fall-run over the long term.  We have similar concerns regarding 
the effects of current hatchery practices on retention of diversity in Trinity River non-listed 
spring- and fall-runs.  Without retention of natural diversity, these stocks likely will be less 
resilient to the effects of disease, climate change and stochastic events.  The long-term potential 
for these stocks to sustain the same magnitude of ocean abundance currently available to 
Southern Residents is likely to be compromised by a loss of diversity in CV fall- and late fall-
runs and non-listed spring- and fall-runs from the Trinity River watershed.   
 
An increase in the risk of extinction of winter-run and spring-run ESUs, along with loss of 
diversity in fall-run will likely reduce available prey for Southern Residents.  As described 
above, reductions in prey or a resulting requirement of increased foraging efficiency increase the 
likelihood of physiological effects.  The Southern Residents would likely experience nutritional, 
reproductive, or other health effects from reduced prey as a result of the proposed action.  
Because of the small population size, a decrease in reproductive capacity of a single individual 
from prey reductions, is likely to reduce the likelihood of survival and recovery of the DPS. 
 
In summary: 

• Increased risk of extinction of winter-run and spring-run as a long-term consequence of 
the proposed action increases the risk of a permanent reduction in prey available to 
Southern Residents, and increases the likelihood for local depletions of prey in particular 
locations and times.   

• Losing the potential for future recovery of winter-run and spring-run diminishes the 
potential for Southern Residents to recover. 

• Over the long term, project operations disproportionately kill naturally spawning Central 
Valley fall-run.  Although the killed naturally produced fish are replaced by hatchery 
adults in the whales’ forage grounds, over the long term, there is no evidence that 
replacement can be maintained.  Moreover, current hatchery practices funded by the 
proposed action are likely to diminish the productivity, distribution, and diversity of 
Central Valley fall-run.  Current hatchery practices may similarly affect diversity in non-
listed Chinook salmon stocks from the Trinity River watershed.  This loss of natural 
diversity will compromise the ability of these stocks to withstand stochastic events or 
climate effects, and ultimately compromise the availability of fall-run stocks that 
contribute to Southern Residents’ prey base. 

 
 
10.0  CONCLUSIONS 
 
After reviewing the best scientific and commercial information available, the current status of the 
species, the environmental baseline for the action area, the effects of the proposed action, and 
cumulative effects, it is NMFS’ Opinion that the long-term operations of the CVP and SWP, as 
proposed, is not likely adversely affect Central California Coast steelhead and their designated 
critical habitat.   
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However, the long-term operations of the CVP and SWP are likely to jeopardize the continued 
existence of Sacramento River winter-run Chinook salmon, Central Valley spring-run Chinook 
salmon, Central Valley steelhead, Southern DPS of North American green sturgeon, and 
Southern Resident killer whales.  The long-term operations of the CVP and SWP are likely to 
destroy or adversely modify critical habitat for Sacramento River winter-run Chinook salmon, 
Central Valley spring-run Chinook salmon, and Central Valley steelhead. 
 
After reviewing the best scientific and commercial data available, including the current status of 
proposed Southern DPS of North American green sturgeon critical habitat, the environmental 
baseline for the action area, the effects of the proposed action, and the cumulative effects, it is 
NMFS' conference opinion that the long-term operations of the CVP and SWP are likely to 
destroy or adversely modify proposed critical habitat for the Southern DPS of North American 
green sturgeon. 
 
 
11.0  REASONABLE AND PRUDENT ALTERNATIVE 
 
11.1  OVERVIEW 
 
11.1.1  Approach to the RPA 
  
If NMFS finds that a proposed action is likely to jeopardize a listed species or adversely modify 
its critical habitat, the ESA requires NMFS to suggest those reasonable and prudent alternatives 
that it believes would enable the project to go forward in compliance with the ESA.  By 
regulation, a RPA is defined as “alternative actions identified during formal consultation that can 
be implemented in a manner consistent with the intended purpose of the action, that can be 
implemented consistent with the scope of the Federal agency’s legal authority and jurisdiction, 
that is economically and technologically feasible, and that the [NMFS] Director believes would 
avoid the likelihood of jeopardizing the continued existence of listed species or resulting in the 
destruction or adverse modification of critical habitat” (50 CFR 402.02). 
 
Regulations also require that NMFS discuss its findings and any RPAs with the action agency 
and utilize the action agency’s expertise in formulating the RPA, if requested (50 CFR 
402.14(g)(5)).  This RPA was developed through a thoughtful and reasoned analysis of the key 
causes of the jeopardy and adverse modification findings, and a consideration of alternative 
actions within the legal authority of Reclamation and DWR to alleviate those stressors.  NMFS 
has worked closely with Reclamation and DWR staff and greatly appreciates the expertise 
contributed by these agencies. 
 
Because this complex action takes place in a highly altered landscape subject to many 
environmental stresses, it has been difficult to formulate an RPA that is likely to avoid jeopardy 
to all listed species and meets all regulatory requirements.  As detailed in this Opinion, the 
current status of the affected species is precarious, and future activities and conditions not within 
the control of Reclamation or DWR are likely to place substantial stress on the species.  NMFS 
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initially attempted to devise an RPA for each species and its critical habitat solely by modifying 
project operations (e.g., timing/magnitude of releases from dams, closure of operable gates and 
barriers, and reductions in negative flows).  In some cases, however, simply altering project 
operations was not sufficient to ensure that the projects were likely to avoid jeopardizing the 
species or adversely modifying critical habitat. 
 
Consequently, NMFS developed focused actions designed to compensate for a particular 
stressor, considering the full range of authorities that Reclamation and DWR may use to 
implement these actions.  These authorities are substantial.  The CVPIA, in particular, provides 
Reclamation with ample authority to provide benefits for fish and wildlife through measures 
such as purchasing water to augment in-stream flow, implementing habitat restoration projects, 
and taking other beneficial actions (Cummins et al., 2008).  Some RPA actions, therefore, call 
for restoring habitat or providing fish passage above dams, even though the water projects are 
not directly responsible for the impaired habitat or the blocked passage.   
   
NMFS concentrated on actions that have the highest likelihood of alleviating the stressors with 
the most significant effects on the species, rather than attempting to address every project 
stressor for each species or every PCE for critical habitat.  For example, water temperatures 
lethal to incubating eggs often occur when the air is warm and flows are low.  Fish cannot reach 
spawning habitat with colder water at higher elevations if it is above currently impassable dams.  
Accordingly, NMFS’ near-term measures provide suitable water temperatures below dams in a 
higher percentage of years, and long-term measures provide passage to cooler habitat above 
dams as soon as practicable.  Reducing egg mortality from high water temperatures is a critical 
step in slowing or halting the decline of Central Valley salmonids.  
 
The effects analysis in this Opinion explains that the adverse effects of the proposed action on 
listed anadromous fish and their critical habitats are both direct and indirect.  The USFWS stated 
in its biological opinion on effects of the projects on Delta smelt that in addition to direct adverse 
effects such as entrainment at the pumps, the water projects have affected smelt “by creating an 
altered environment in the Delta that has fostered both the establishment of non-indigenous 
species and habitat conditions that exacerbate their adverse influence on delta smelt population 
dynamics.” (USFWS 2008a, p. 189)  Similarly, NMFS concludes that the water projects have 
both directly altered the hydrodynamics of the Sacramento-San Joaquin River basins and have 
interacted with other activities affecting the Delta to create an altered environment that adversely 
influences salmonid and green sturgeon population dynamics.  The altered environment includes 
changes in habitat formation, species composition, and water quality, among others.  
Consequently, NMFS must take a broad view of the ways in which the project agencies can 
improve the ecosystem to ameliorate the effects of their actions. 
 
There are several ways in which water operations adversely affect listed species that are 
addressed in this RPA.  We summarize the most significant here: 
 

1) Water operations result in elevated water temperatures that have lethal and sub-lethal 
effects on egg incubation and juvenile rearing in the upper Sacramento River.  The 
immediate operational cause is lack of sufficient cold water in storage to allow for cold 
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water releases to reduce downstream temperatures at critical times and meet other project 
demands.  This elevated temperature effect is particularly pronounced in the Upper 
Sacramento for winter-run and mainstem spring-run, and in the American River for 
steelhead.  The RPA includes a new year-round storage and temperature management 
program for Shasta Reservoir and the Upper Sacramento River, as well as long-term 
passage prescriptions at Shasta Dam and re-introduction of winter-run into its native 
habitat in the McCloud and/or Upper Sacramento rivers.   

 
2) In Clear Creek, recent project operations have led to increased abundance of Clear Creek 

spring-run, which is an essential population for the short-term and long-term survival of 
the species.  Nonetheless, in the proposed action, continuation of these operations is 
uncertain.  The RPA ensures that essential flows and temperatures for holding, egg 
incubation and juvenile survival will be maintained. 

 
3) Red Bluff Diversion Dam (RBDD) on the Sacramento River impedes both upstream 

migration of adult fish to spawning habitat and downstream migration of juveniles.  
Effects are significant for winter-run and spring-run, but are particularly pronounced for 
green sturgeon and its proposed critical habitat in that a significant portion of the 
population is blocked from its spawning and holding habitat.  The RPA mandates gate 
openings at critical times in the short term while an alternative pumping plant is built, 
and, by 2012, opening of the gates all year. 

 
4) Both project and non-project effects have led to a significant reduction in necessary 

juvenile rearing habitat in the Sacramento River Basin and Delta.  The project’s flood 
control operations result in adverse effects through reduced frequency and magnitude of 
inundation of rearing habitat.  To minimize these effects, the RPA contains both short-
term and long-term actions for improving juvenile rearing habitat in the Lower 
Sacramento River and northern Delta. 

 
5) Another major effect of water operations is diversion of out-migrating juveniles from the 

north Delta tributaries into the interior Delta through the open DCC gates.  Instead of 
migrating directly to the outer estuary and then to sea, these juveniles are caught in the 
interior Delta and subjected to pollution, predators, and altered food webs that cause 
either direct mortality or impaired growth.  The RPA mandates additional gate closures to 
minimize these adverse effects to winter-run, spring-run, and steelhead. 

 
6) Similarly, water pumping causes reverse flows, leading to loss of juveniles migrating out 

from the Sacramento River system in the interior Delta and more juveniles being exposed 
to the State and Federal pumps, where they are salvaged at the facilities.  The RPA 
prescribes Old and Middle River flow levels to reduce the number of juveniles exposed to 
the export facilities and prescribes additional measures at the facilities themselves to 
increase survival of fish.  

 
7) The effects analysis shows that juvenile steelhead migrating out from the San Joaquin 

River Basin have a particularly high rate of loss due to both project and non-project 
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related stressors.  The RPA mandates additional measures to improve survival of San 
Joaquin steelhead smolts, including both increased San Joaquin River flows and export 
curtailments.  Given the uncertainty of the relationship between flow and exports, the 
RPA also prescribes a significant new study of acoustic tagged fish in the San Joaquin 
Basin to evaluate the effectiveness of the RPA and refine it over the lifetime of the 
project.   

 
8) On the American River, project-related effects on steelhead are pronounced due to the 

inability to consistently provide suitable temperatures for various life stages and flow-
related effects caused by operations.  The RPA prescribes a flow management standard, a 
temperature management plan, additional technological fixes to temperature control 
structures, and, in the long term, a passage at Nimbus and Folsom Dams to restore 
steelhead to native habitat.   

 
9) On the Stanislaus River, project operations have led to significant degradation of 

floodplain and rearing habitat for steelhead.  Low flows also distort cues associated with 
out-migration.  The RPA proposes a year-round flow regime necessary to minimize 
project effects to each life-stage of steelhead, including new spring flows that will 
support rearing habitat formation and inundation, and will create pulses that cue out-
migration. 

 
10) Nimbus Fish Hatchery steelhead program contribute to both loss of genetic diversity and 

mixing of wild and hatchery stocks of steelhead, which reduces the viability of wild 
stocks.  The Nimbus and Trinity River Hatchery programs for non-listed fall-run also 
contribute to a loss of genetic diversity, and therefore, viability, for fall-run.  The RPA 
requires development of Hatchery Genetics Management Plans to improve genetic 
diversity of both steelhead and fall-run, an essential prey base of Southern Resident. 

 
This RPA is composed of numerous elements for each of the various project divisions and 
associated stressors and must be implemented in its entirety in order to avoid jeopardy and 
adverse modification.  There are several actions that allow the project agencies options for 
alleviating a particular stressor.  Reclamation and DWR may select the option they deem most 
practical — NMFS cares only that the stressor be sufficiently reduced.  There are several actions 
in which NMFS expressly solicits additional research and suggestions from the project agencies 
for alternative actions to achieve needed results. 
 
NMFS recognizes that the RPA must be an alternative that is likely to avoid jeopardizing listed 
species or adversely modifying their critical habitats, rather than a plan that will achieve 
recovery.  Both the jeopardy and adverse modification standards, however, include consideration 
of effects on an action on listed species’ chances of recovery.  NMFS believes that the RPA does 
not reduce the likelihood of recovery for any of the listed species.  The RPA cannot and does not, 
however, include all steps that would be necessary to achieve recovery.  NMFS is mindful of 
potential social and economic consequences of reducing water deliveries and has carefully 
avoided prescribing measures that are not necessary to meet section 7 requirements.   
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An RPA must avoid jeopardy to listed species in the short term, as well as the long term.   
Essential short-term actions are presented for each division and are summarized for each species 
to ensure that the likelihood of survival and recovery is not appreciably reduced in the short term 
(i.e., one to five years).  In addition, because the proposed action is operation of the CVP/SWP 
until 2030, this consultation also includes long-term actions that are necessary to address project-
related adverse effects on the likelihood of survival and recovery of the species over the next two 
decades.   
 
Some of these long-term actions will require evaluation, planning, permitting, and funding.  
These include: 
 

1) Providing fish passage at Shasta, Nimbus, and Folsom Dams, which ultimately is the only 
means of counteracting the loss of habitat needed for egg incubation and emergence, and 
steelhead over-summering habitat at lower elevations.  This habitat loss has already 
occurred and will be exacerbated by climate change and increased water demands. 

 
2) Providing adequate rearing habitat on the lower Sacramento River and Yolo Bypass 

through alteration of operations, weirs, and restoration projects. 
 
3) Engineering projects to further reduce hydrologic effects and indirect loss of juveniles in 

the interior Delta. 
 
4) Technological modifications to improve temperature management in Folsom Reservoir. 

 
NMFS considered economic and technological feasibility in several ways when developing 
initial actions in this RPA.  The RPA also allows for tailored implementation of many actions in 
consideration of economic and technological feasibility without compromising the RPA’s 
effectiveness in avoiding jeopardy and adverse modification of critical habitat.  Examples 
include: 
 

1) Providing reasonable time to develop technologically feasible alternatives where none are 
“ready to go” – e.g., the Delta engineering action (Action IV.1.3), and lower Sacramento 
River rearing habitat action (Action I.6.1). 

 
2) Calling for a stepped approach to fish passage at dams, including studies and pilot 

projects, prior to a significant commitment of resources to build a ladder or invest in a 
permanent trap and haul program. 

 
3) Providing a health and safety exception for export curtailments. 

 
4) Using monitoring for species presence to initiate actions when most needed.  

 
NMFS examined water supply costs of the RPA as one aspect of considering economic 
feasibility.  While only costs to the action agency are considered in determining whether a RPA 
meets the regulatory requirement of economic feasibility, NMFS is mindful of potential social 
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and economic costs to the people and communities that historically have depended on the Delta 
for their water supply.  Any water supply impact is undesirable.  NMFS made many attempts 
through the iterative consultation process to avoid developing RPA actions that would result in 
high water costs, while still providing for the survival and recovery of listed species. 
 
NMFS estimates the water costs associated with the RPA to be 5-7% of average annual 
combined exports:  5% for CVP, or 130 TAF/year, and 7% for SWP, or 200 TAF/year27.  The 
combined estimated annual average export curtailment is 330 TAF/year.  These estimates are 
over and above export curtailments associated with the USFWS smelt Opinion.  The OMR 
restrictions inn both Opinions tend to result in export curtailments of similar quantities at similar 
times of year.  Therefore, in general, these 330 TAF export curtailments are associated with the 
NMFS San Joaquin River Ratio actions in the RPA.  These water costs can be offset by 
application of b(2) water resources, water conservation, groundwater use, water recycling and 
toher processes currently underway. 
 
The RPA includes collaborative research to enhance scientific understanding of the species and 
ecosystems, and to adapt actions to new scientific knowledge.  This adaptive structure is 
important, given the long-term nature of the consultation and the scientific uncertainty inherent 
in a highly variable system.  Monitoring and adaptive management are both built into many of 
the individual actions and are the subject of an annual program review.  NMFS views both the 
CALFED Science Program and the NMFS Southwest Fisheries Science Center as essential 
partners in ensuring that the best scientific experts are brought together to assess the 
implementation and effectiveness of actions in this RPA.  We will continue to pursue many of 
the long-term recommendations for improving science as recommended by the CALFED and 
CIE peer reviews, and we will seek to incorporate this new science as it becomes available 
through the adaptive management processes embedded in the RPA. 
 
Finally, we note that the project agencies are currently developing and evaluating a plan to 
construct a diversion on the Sacramento River and a canal around the Delta, in the BDCP 
planning effort.  Such a reconfiguration of the water conveyance system would take careful 
planning to avoid jeopardizing Sacramento River and north Delta species, as well as several 
years of environmental review and permitting, and would trigger a re-initiation of this Opinion.  
We expect that the collaborative research that is part of this RPA will inform this planning effort 
as it proceeds. 
 
11.1.2  Organization of the RPA 
 
The specific actions in the RPA are detailed in Section 11.2.  That section begins with 
overarching actions that apply to operations in all geographic divisions of the project, including 
procedures for orderly functioning of the many technical teams that assist with decision making, 
research and adaptive management, and monitoring.  These are followed by actions specific to 
each geographic division of the proposed action:  Sacramento River, American River, East Side 

 
27 The proportion share between the CVP and SWP is attributable to CalLite programming and may not represent 
the true share of export reductions that would be allocated to each facility under actual conditions. 



 
 581

(Stanislaus River), and the Delta.  There is a suite of actions for each geographic area.  Section 
11.2 concludes with subsections regarding fish passage at dams and modification of hatchery 
practices. 
 
Section 11.3 is a species-by-species explanation of:  (1) how each measure contributes to 
avoiding jeopardy or adverse modification for that species; and (2) the basis for NMFS’ 
conclusion that the RPA measures as a whole are likely to avoid jeopardizing the species or 
adversely modifying its critical habitat.  The information is presented in both narrative and table 
form.  The narrative provides an overview, while the tables add detail.  This section also address 
the other regulatory criteria necessary for a Reasonable and Prudent Criteria. 
 
11.2  Reasonable and Prudent Alternative – Specific Actions 
 
11.2.1.  Decision-Making Procedures, Monitoring and Adaptive Management Protocols 
 
11.2.1.1  Responsibilities and Procedures of Technical Teams 
 
There are currently four Fisheries and Operations Technical Teams whose function is to make 
recommendations for adjusting operations to meet contractual obligations for water delivery and 
minimize adverse effects on listed anadromous fish species:   
 

• Sacramento River Temperature Task Group (SRTTG) 
• Clear Creek Technical Working Group (CCTWG) 
• American River Group (ARG) 
• San Joaquin River Technical Committee (SJRTC) 

 
This RPA requires the creation of three additional technical teams: 
 

• Delta Operations for Salmon and Sturgeon (DOSS) Group 
• Stanislaus Operations Group (SOG) 
• Interagency Fish Passage Steering Committee 

 
Each group has responsibility to gather and analyze information, and make recommendations, 
regarding adjustments to water operations within the range of flexibility prescribed in the 
implementation procedures for a specific action in their particular geographic area.  Under 
previous operations plans, recommendations for adjustments were made to the Water Operations 
Management Team (WOMT), a management-level group of representatives of Reclamation, 
DWR, CDFG, NMFS, and USFWS.  The WOMT then made recommendations to state and 
regional directors for final action. 
 
The Project Description for the proposed action (Appendix 1 to this Opinion), as revised by this 
RPA, establishes the responsibilities of each technical team.  The RPA establishes the operations 
parameters that are necessary to avoid jeopardizing listed species or adversely modifying their 
critical habitat.  Within those parameters, there is flexibility to adjust actions within a specified 
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range based on current conditions.  The allowed range of flexibility is prescribed in the 
“implementation procedures” portion of the RPA action.  The technical teams and the WOMT 
will work within those implementation procedures to meet discretionary water contract 
obligations to the greatest extent consistent with survival and recovery of listed species.  The 
teams also may recommend changes to the measures in this RPA, as detailed in the Research and 
Adaptive Management section of the RPA.  Recommended changes outside the range of 
flexibility specified in the implementation procedures must receive written review and 
concurrence by NMFS and may trigger re-initiation. 
 
This action prescribes standard operating procedures for decision-making that will apply to all 
teams.   
 

1) Within 90 days of issuance of this Opinion, Reclamation shall send to the WOMT 
members a list of current members of each technical team.  The WOMT representatives 
shall review the membership and make changes, if necessary.  All groups shall include 
members with expertise in fish biology and hydrology.  Each group shall designate a 
group leader to convene meetings and assure that necessary administrative steps are 
taken, such as recording and distributing meeting notes and recommendations. 

 
2) Each group shall establish a regular meeting schedule at the beginning of each year, 

based on the anticipated need for adjustments to operations, and distribute the schedule to 
the members of the group.  The group leader may reschedule a meeting, or call a special 
meeting, with three days notice at his or her discretion, or on request of NMFS or any 
two or more group members. 

 
3) Brief notes of each meeting shall be recorded, including issues considered, 

recommendations made, and key information on which recommendations were based.  
Meeting notes shall be distributed to members within two days of the meeting. 

 
4) Within one day after a technical team advises that an operational action should be 

initiated, changed, suspended, or terminated, consistent with the implementation 
procedures specified for actions in this RPA, the group leader shall provide to NMFS and 
Reclamation written advice and a biological rationale.  The technical teams shall use the 
process described in the applicable RPA implementation procedures to provide a 
framework for their analysis.  NMFS shall determine whether the proposed action is 
consistent with the implementation procedures in this RPA.  If NMFS determines that the 
proposed action is consistent with the implementation procedures, then it avoids jeopardy 
to listed species or adverse modification of critical habitat.  Both the technical team’s 
advice and NMFS’ recommendation shall be presented to the WOMT for discussion and 
concurrence.  In the event that there is not consensus at the workgroup level, the 
workgroup leader shall convey the options and summary of the technical discussion to 
NMFS for consideration.  NMFS will make a recommendation for action within the 
procedural guidelines of this RPA.  NMFS will present its recommendations to the 
WOMT for discussion and concurrence (see #6 below).   
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5) If the recommended action will affect species within the jurisdiction of USFWS as well 
as NMFS, the technical team making the recommendation shall, to the extent that time 
allows, first coordinate with the Smelt Working Group (SWG).  The technical team and 
the SWG, to the extent feasible, shall jointly make a recommendation to USFWS and 
NMFS (the Services), who will jointly determine whether the recommended action is 
consistent with the actions and implementation procedures of this RPA and is, therefore, 
necessary to avoid jeopardy to listed species and adverse modification of critical habitat.  
The Services shall then present their findings and recommendations to the WOMT. 

 
6) The WOMT shall either concur with NMFS’ (or the Services’, as appropriate) 

recommendation or provide a written alternative to the recommendation, with biological 
justification, to NMFS (or the Services) within one calendar day.  NMFS (or the 
Services) shall then make a determination as to whether the action proposed by the 
WOMT is consistent with this Opinion and ESA obligations.   

 
7) Once NMFS (or the Services) makes a final determination that a proposed operational 

action is consistent with ESA obligations, Reclamation and DWR shall implement the 
operational action within two calendar days.  Reclamation and DWR shall submit to 
NMFS (or the Services) data demonstrating the implementation of the action on a weekly 
basis, or post their operations on their website. 

 
8) The action shall remain in effect until NMFS (or the Services), with advice from the 

appropriate technical team(s), determines that it should be modified or terminated as 
inconsistent with the implementation procedures for the RPA.  The action shall be 
modified or terminated within two calendar days of such a determination.  

 
9) These procedures may be modified for a particular team or working group by mutual 

agreement of NMFS and Reclamation.  Modifications to the procedures shall be in 
writing, dated, and promptly distributed to all members of the group.  

 
11.2.1.2.  Research and Adaptive Management 
 
Not later than November 30 of every year, in conjunction with the CALFED Science Program or 
other Science Peer Review process, Reclamation and NMFS shall host a workshop to review the 
prior water years’ operations and to determine whether any measures prescribed in this RPA 
should be altered in light of information learned from prior years’ operations or research.  After 
completion of the annual review, NMFS may initiate a process to amend specific measures in 
this RPA to reflect new information, provided that the amendment is consistent with the 
Opinion’s underlying analysis and conclusions and does not limit the effectiveness of the RPA in 
avoiding jeopardy to listed species or adverse modification of critical habitat.  NMFS will ask the 
appropriate informational and technical teams to assess the need for a particular amendment and 
make recommendations to NMFS, according to the group processes for decision-making set 
forth in this RPA in action 11.2.1.1 above. 
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NMFS and Reclamation will establish a research program in coordination with the CALFED 
Science Program and other agencies to address key research and management questions arising 
from this Opinion.  Prior to the beginning of a new calendar year, Reclamation shall submit to 
NMFS a research plan for the following year, developed in coordination with the above 
programs and agencies.  Reclamation also shall provide NMFS access to all draft and final 
reports associated with this research.  Specific research projects that have been identified as 
important to begin in the first year and complete as soon as possible are: 
 

1) Cooperative development of a salmonid lifecycle model acceptable to NMFS, 
Reclamation, CDFG, and DWR 

 
2) Temperature monitoring and modeling identified in RPA Action I.5 

 
3) Green sturgeon research described in the RBDD actions 

 
4) Rearing habitat evaluation metrics to guide rearing habitat Action 1.6 
 
5) A 6-year acoustic-tagged study of juvenile salmonids out-migration in the San Joaquin 

River and through the southern Delta identified in Action IV.2.2. 
  
11.2.1.3.  Monitoring and Reporting  
 

1) Reclamation and DWR shall participate in the design, implementation, and funding of the 
comprehensive CV steelhead monitoring program, under development through ERP, that 
includes adult and juvenile direct counts, redd surveys, and escapement estimates on 
CVP- and SWP-controlled streams.  This program is necessary to develop better juvenile 
production estimates that form the basis of incidental take limits and will also provide 
necessary information to calculate triggers for operational actions. 

 
2) Reclamation and DWR shall ensure that all monitoring programs regarding the effects of 

CVP and SWP operations and which result in the direct take of winter-run, spring-run, 
CV steelhead, or Southern DPS of green sturgeon, are conducted by a person or entity 
that has been authorized by NMFS.  Reclamation and DWR shall establish a contact 
person to coordinate these activities with NMFS. 

 
3) Reclamation and DWR shall submit weekly reports to the interagency Data Assessment 

Team (DAT) regarding the results of monitoring and incidental take of winter-run, 
spring-run, CV steelhead, and Southern DPS of green sturgeon associated with operations 
of project facilities.  

 
4) Reclamation and DWR shall provide an annual written report to NMFS no later than 

October 1, following the salvage season of approximately October to May.  This report 
shall provide the data gathered and summarize the results of winter-run, spring-run, CV 
steelhead, and Southern DPS of green sturgeon monitoring and incidental take associated 
with the operation of the Delta pumping plants (including the Rock Slough Pumping 
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Plant).  All juvenile mortality must be minimized and reported, including those from 
special studies conducted during salvage operations.  This report should be sent to NMFS 
(Southwest Region, Protected Resources Division, Sacramento Area Office, 650 Capitol 
Mall, Suite 8-300, Sacramento, California 95814-4706).  

 
5) Reclamation and DWR shall continue the real-time monitoring of winter-run, spring-run, 

CV steelhead, and Southern DPS of green sturgeon in the lower Sacramento River, the 
lower San Joaquin River, and the Delta to establish presence and timing to serve as a 
basis for the management of DCC gate operations and CVP and SWP Delta pumping 
operations consistent with actions in this RPA.  Reclamation and DWR shall conduct 
continuous real-time monitoring between October 1 and June 30 of each year, 
commencing in 2009. 

 
6) Reclamation and DWR shall submit weekly DAT reports and an annual written report to 

NMFS describing the results of real-time monitoring of winter-run, spring-run, CV 
steelhead, and Southern DPS of green sturgeon associated with operations of the DCC 
and CVP and SWP Delta pumping facilities, and other Division level operations 
authorized through this RPA.  

 
7) Reclamation shall coordinate with NMFS, the USFWS, and CDFG to continue 

implementation and funding of fisheries monitoring of spring-run and CV steelhead 
(including adult snorkel surveys, population estimates for steelhead, and rotary screw 
trapping) in Clear Creek to aide in determining the benefits and effects of flow and 
temperature management. 

 
8) Monitoring Requirements:  The following (A-E) are necessary to adaptively manage 

project operations and are either directly related to management of releases (e.g., 
temperature and flow), or are a necessary component the Salmon Decision Process used 
to manage Delta operations (e.g., DCC gates and export pumping).  Reclamation and 
DWR shall jointly fund these monitoring locations for the duration of the Opinion 
(through 2030) to ensure compliance with the RPA and assess the performance of the 
RPA actions.  Most of these monitoring stations already exist and are currently being 
funded through a variety of sources (i.e., CDFG, USFWS, Reclamation, DWR, 
CALFED, and Interagency Ecological Program), however, CALFED funding for 
monitoring ends in 2009 and CDFG funding has been reduced due to budget cuts.  

 
a) Upstream:  Adult escapement and juvenile monitoring for spring-run, winter-run, and  

steelhead on the Sacramento River, American River, Feather River, Clear Creek, Mill 
Creek, Deer Creek and Battle Creek.  These may be performed through carcass 
surveys, redd surveys, weir counts, and rotary screw trapping.  

b) RBDD:  Adult counts using the three current fish ladders until the new pumping plant 
is operational.  Rotary screw trapping to determine juvenile Chinook salmon passage 
or abundance year-round before and after pumping plant is operational.  Green 
sturgeon monitoring, to include adult and juvenile estimates of passage, relative 
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abundance, and run timing, in order to determine habitat use and population size with 
respect to management of Shasta Reservoir resources. 

c) Sacramento River new juvenile monitoring station:  The exact location to be 
determined, between RBDD and Knights Landing, in order to give early warning of 
fish movement and determine survival of listed fish species leaving spawning habitat 
in the upper Sacramento River. 

d) Delta:  Continuation of the following monitoring stations that are part of the IEP:  
Chipps Island Trawl, Sacramento Trawl, Knights Landings RST, and beach seining 
program.  Additionally, assist in funding new studies to determine green sturgeon 
relative abundance and habitat use in the Delta. 

e) San Joaquin River monitoring shall include:  Adult escapement and juvenile 
monitoring for steelhead on the Stanislaus River; Mossdale Kodiak Trawling to 
determine steelhead smolt passage; steelhead survival studies associated with VAMP; 
monitoring at HORB to determine steelhead movement in and around the barrier; 
predation studies in front of HORB and at the three agricultural barriers in the South 
Delta; and new studies to include the use of non-lethal fish guidance devices (e.g., 
sound, light, or air bubbles) instead of rock barriers to keep juveniles out of the area 
influenced by export pumping. 
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11.2.2  Actions Listed by Division 
 
 
I.  SACRAMENTO RIVER DIVISION 
 
Introduction to the Sacramento River Division:  Project operations of the Sacramento River 
Division affect winter-run, spring-run, CV steelhead, the Southern DPS of green sturgeon.  In 
addition, project operations affect fall-run, which are not listed.  Fall-run salmon are considered 
in developing the actions as a prey base for Southern Residents.  This Division section of the 
RPA includes actions related to minimizing adverse effects to spring-run and steelhead spawning 
and rearing in Clear Creek and all species in the main stem Sacramento River.  Actions include 
those necessary to reduce the risk to temperature effects to egg incubation in the upper river, 
especially to winter-run and spring-run spawning below Shasta Dam.  Also, the RPA contains 
actions for operation of RBDD – a major impediment to salmonid and green sturgeon migration.  
In addition, the RPA includes an action related to adjusting the antiquated Wilkins Slough 
navigation requirement, mandates the continuation of the fish screening program, and calls for 
restoration of essential rearing habitat in the lower river/northern Delta.  
 
Operations of the Sacramento River Division are interconnected with those of the Trinity River 
Division.  NMFS is in the process of conducting a separate consultation on the effects of the 
Trinity River Division operations on listed coho salmon in the Trinity River.  NMFS is 
committed to ensuring appropriate coordination between the analysis and results of this Opinion 
and the forthcoming coho opinion.  The Sacramento River Division RPA will be analyzed in that 
Opinion, and may be adjusted as necessary to avoid jeopardy to coho salmon and adverse 
modification of critical habitat. 
 
Action Suite I.1.  Clear Creek 
 
Suite Objective:  The proposed action includes a static flow regime (no greater than 200 cfs all 
year) and uncertainty as to the availability of b(2) water in the future pose significant risk to 
these species.  The RPA actions described below were developed based on a careful review of 
past flow studies, current operations, and future climate change scenarios.  Although not all of 
the flow studies have been completed, NMFS believes these actions are necessary to address 
adverse project effects on flow and water temperature that reduce the viability of spring-run and 
CV steelhead in Clear Creek.   
 
Action I.1.1.  Spring Attraction Flows 
 

Objective:  Encourage spring-run movement to upstream Clear Creek habitat for spawning. 
 
Action:  Reclamation shall annually conduct at least two pulse flows in Clear Creek in May 
and June of at least 600 cfs for at least three days for each pulse, to attract adult spring-run 
holding in the Sacramento River main stem.  This may be done in conjunction with channel-
maintenance flows (Action I.1.2). 
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Rationale:  In order to prevent spring-run from hybridizing with fall-run in the Sacramento 
River, it is important to attract early spring-run adults as far upstream in Clear Creek as 
possible, where cooler water temperatures can be maintained over the summer holding period 
through releases from Whiskeytown Dam.  This action will also prevent spring-run adults 
from spawning in the lower reaches of Clear Creek, where water temperatures are inadequate 
to support eggs and pre-emergent fry during September and October. 
 

Action I.1.2.  Channel Maintenance Flows 
 

Objective:  Minimize project effects by enhancing and maintain previously degraded 
spawning habitat for spring-run and CV steelhead 
 
Action:  Reclamation shall re-operate Whiskeytown Glory Hole spills during the winter and 
spring to produce channel maintenance flows of a minimum of 3,250 cfs mean daily spill 
from Whiskeytown for one day, to occur seven times in a ten-year period, unless flood 
control operations provide similar releases.  Re-operation of Whiskeytown Dam should be 
implemented with other project facilities as described in the EWP Pilot Program 
(Reclamation 2008d). 
 
Rationale:  Channel maintenance flows are a necessary element of critical habitat (see 
PCEs) in order to restore proper functioning rivers.  This modified operation allows higher 
flows necessary to move spawning gravels downstream from injection sites, which will 
increase the amount of spawning habitat available to spring-run and steelhead.  Previous 
studies (McBain and Trush 1999) have shown that Clear Creek lacks sufficient gravel for 
spawning habitat.  Both spring-run and steelhead need higher flows to provide the spawning 
and rearing habitat elements essential for survival and recovery. 

 
Action I.1.3.  Spawning Gravel Augmentation 
 

Objective:  Enhance and maintain previously degraded spawning habitat for spring-run and 
CV steelhead. 
 
Action:  Reclamation, in coordination with the Clear Creek Technical team, shall continue 
spawning gravel augmentation efforts.  By December 31 each year, Reclamation shall 
provide a report to NMFS on implementation and effectiveness of the gravel augmentation 
program.   
 
Rationale:  Similar to above for Action I.1.2.  Recent studies (USFWS 2007, 2008) have 
shown steelhead and spring-run utilize gravel injection sites for spawning.  Gravel 
augmentation has increased the steelhead spawning habitat available in the lower reaches of 
Clear Creek and directly relates to higher abundance in recent years.  The gravel 
augmentation program also benefits fall-run and late fall-run spawning.  Including the gravel 
augmentation program in the RPA ensures that it is reasonably certain to occur in the future. 
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Action I.1.4.  Spring Creek Temperature Control Curtain (Note:  This action benefits 
Sacramento River conditions, but is part of Clear Creek operations)  
 

Objective:  Reduce adverse impacts of project operations on water temperature for listed 
salmonids in the Sacramento River. 
 
Action:  Reclamation shall replace the Spring Creek Temperature Control Curtain in 
Whiskeytown Lake by June 2011 . 
 
Rationale:  The Spring Creek Tunnel releases provide cold water to Keswick Reservoir, 
which improves the ability to lower water temperatures during the summer for winter-run 
spawning and incubation.  Recent underwater surveys concluded that the Whiskeytown 
Curtain is in poor condition and needs a major overhaul (Reclamation 2008b).  Six rips in the 
fabric run the full depth of the curtain to 55 feet. 

 
Action I.1.5.  Thermal Stress Reduction  
 

Objective:  To reduce thermal stress to over-summering steelhead and spring-run during 
holding, spawning, and embryo incubation.  
 
Action:  Reclamation shall manage Whiskeytown releases to meet a daily water temperature 
of:  
 

1) 60oF at the Igo gage from June 1 through September 15; and  
 

2) 56oF at the Igo gage from September 15 to October 31.  
 

Reclamation, in coordination with NMFS, will assess improvements to modeling water 
temperatures in Clear Creek and identify a schedule for making improvements. 
 
Rationale:  The water temperature criteria address the critical need for colder water that 
historically was available to salmonids above Whiskeytown Dam.  If the criteria are not met, 
juvenile steelhead rearing habitat is limited, predation is higher, and disease is more 
prevalent.  Spring-run adults need colder water to hold over during the summer until 
September.  If water temperature is too warm, spring-run experience pre-spawn mortality and 
reduced production.  The lower water temperature in September is necessary to reduce 
mortality of spring-run eggs and pre-emergent fry. 

 
Action I.1.6.  Adaptively Manage to Habitat Suitability/IFIM Study Results 
 

Objective:  Decrease risk to Clear Creek spring-run and CV steelhead population through 
improved flow management designed to implement state-of-the-art scientific analysis on 
habitat suitability. 
 



 
 590

Action:  Reclamation shall operate Whiskeytown Reservoir as described in the Project 
Description with the modifications described in Action I.1 until September 30, 2012, or until 
6 months after current Clear Creek salmonids habitat suitability (e.g., IFIM) studies are 
completed, whichever occurs later.    
 
When the salmonid habitat suitability studies are completed, Reclamation will, in 
conjunction with the CCTWG, assess whether Clear Creek flows shall be further adapted to 
reduce adverse impacts on spring-run and CV steelhead, and report their findings and 
proposed operational flows to NMFS within 6 months of completion of the studies.  NMFS 
will review this report and determine whether the proposed operational flows are sufficient to 
avoid jeopardizing spring-run and CV steelhead or adversely modifying their critical habitat. 
 
Reclamation shall implement the flows on receipt of NMFS’ written concurrence.  If NMFS 
does not concur, NMFS will provide notice of the insufficiencies and alternative flow 
recommendations.  Within 30 days of receipt of non-concurrence by NMFS, Reclamation 
shall convene the CCTWG to address NMFS’ concerns.  Reclamation shall implement flows 
deemed sufficient by NMFS in the next calendar year. 
 
Rationale:  Past project operations have reduced spring-run and CV steelhead abundance in 
Clear Creek by creating passage barriers, raising water temperature, and reducing spawning 
gravels in key areas of critical habitat.  Abundance has increased in recent years as a result of 
passage improvements, habitat restoration, and operational changes to improve temperature 
control.  Persistence of the population and maintenance of its critical habitat will require 
continuation of flows adequate for migration and maintenance of spawning gravels and 
suitable water temperatures.   

 
Action Suite I.2.  Shasta Operations  
 
Introduction to Shasta Operations:  Maintaining suitable temperatures for egg incubation, fry 
emergence, and juvenile rearing in the Sacramento River is critically important for survival and 
recovery of the winter-run ESU.  The winter-run ESU has been reduced to a single population, 
which has been blocked from its historical range above Shasta Dam.  Consequently, suitable 
temperatures and habitat for this population must be maintained downstream of Shasta Dam 
through management of the cold water pool behind the dam in the summer.  Maintaining 
optimum conditions for this species below Shasta is crucial until additional populations are 
established in other habitats or this population is restored to its historical range.  Spring-run are 
also affected by temperature management actions from Shasta Reservoir.   
 
The effects analysis in this Opinion highlights the very challenging nature of maintaining an 
adequate cold water pool in critically dry years, extended dry periods, and under future 
conditions, which will be affected by increased downstream water demands and climate change.  
This suite of actions is designed to ensure that Reclamation uses maximum discretion to reduce 
adverse impacts of the projects to winter-run and spring-run in the Sacramento River by 
maintaining sufficient carryover storage and optimizing use of the cold water pool.  In most 
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years, reservoir releases through the use of the TCD are a necessity in order to maintain the bare 
minimum population levels necessary for survival (Yates et al. 2008, Angilletta et al. 2008). 
 
The effects analysis in this Opinion, and supplemental information provided by Reclamation, 
make it clear that despite Reclamation’s best efforts, severe temperature-related effects cannot be 
avoided in some years.  The RPA includes exception procedures to deal with this reality.  Due to 
these unavoidable adverse effects, the RPA also specifies other actions that Reclamation must 
take, within its existing authority and discretion, to compensate for these periods of unavoidably 
high temperatures.  These actions include restoration of habitat at Battle Creek that may be 
support a second population of winter-run, and a fish passage program at Keswick and Shasta 
dams to partially restore winter-run to their historical cold water habitat. 
 

Objectives:  The following objectives must be achieved to address the avoidable and 
unavoidable adverse effects of Shasta operations on winter-run and spring-run: 

 
1) Ensure a sufficient cold water pool to provide suitable temperatures for winter-run 

spawning between Balls Ferry and Bend Bridge in most years, without sacrificing the 
potential for cold water management in a subsequent year.  Additional actions to 
those in the 2004 CVP/SWP operations Opinion are needed, due to increased 
vulnerability of the population to temperature effects attributable to changes in 
Trinity River ROD operations, projected climate change hydrology, and increased 
water demands in the Sacramento River system.  

 
2) Ensure suitable spring-run temperature regimes, especially in September and October.  

Suitable spring-run temperatures will also partially minimize temperature effects to 
naturally-spawning, non-listed Sacramento River fall-run, an important prey base for 
endangered Southern Residents. 

 
3) Establish a second population of winter-run in Battle Creek as soon as possible, to 

partially compensate for unavoidable project-related effects on the one remaining 
population. 

 
4) Restore passage at Shasta Reservoir with experimental reintroductions of winter-run 

to the upper Sacramento and/or McCloud rivers, to partially compensate for 
unavoidable project-related effects on the remaining population. 
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Action 1.2.1  Performance Measures. 
 

Objective:   To establish and operate to a set of performance measures for temperature 
compliance points and End-of-September (EOS) carryover storage, enabling Reclamation 
and NMFS to assess the effectiveness of this suite of actions over time.  Performance 
measures will help to ensure that the beneficial variability of the system from changes in 
hydrology will be measured and maintained.  

 
Action:  The following long-term performance measures shall be attained.  Reclamation 
shall track performance and report to NMFS at least every 5 years.  If there is significant 
deviation from these performance measures over a 10-year period, measured as a running 
average, which is not explained by hydrological cycle factors (e.g., extended drought), then 
Reclamation shall reinitiate consultation with NMFS. 

 
Performance measures for EOS carryover storage at Shasta Reservoir:  
 

• 87 percent of years:  Minimum EOS storage of 2.2 MAF 
• 82 percent of years:  Minimum EOS storage of 2.2 MAF and end-of-April storage of 

3.8 MAF in following year (to maintain potential to meet Balls Ferry compliance 
point)   

• 40 percent of years:  Minimum EOS storage 3.2 MAF  (to maintain potential to meet 
Jelly’s Ferry compliance point in following year) 

 
Measured as a 10-year running average, performance measures for temperature compliance 
points during summer season shall be: 
 

• Meet Clear Creek Compliance point 95 percent of time 
• Meet Balls Ferry Compliance point 85 percent of time 
• Meet Jelly’s Ferry Compliance point 40 percent of time 
• Meet Bend Bridge Compliance point 15 percent of time 

 
Rationale:  Evaluating long-term operations against a set of performance measures is the 
only way to determine the effectiveness of operations in preserving key aspects of life history 
and run time diversity.  For example, maintaining suitable spawning temperatures down to 
Bend Bridge in years when this is feasible will help to preserve the part of winter-run 
distribution and run timing that relies on this habitat and spawning strategy.  This will help to 
ensure that diversity is preserved when feasible.  The percentages are taken from those 
presented in the CVP/SWP operations BA, effects analysis in the Opinion, and NMFS 
technical memo on historic Shasta operations.   

 
Action I.2.2.  November through February Keswick Release Schedule  (Fall Actions) 
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Objective:  Minimize impacts to listed species and naturally spawning non-listed fall-run 
from high water temperatures by implementing standard procedures for release of cold water 
from Shasta Reservoir. 

 
Action:  Depending on EOS carryover storage and hydrology, Reclamation shall develop and 
implement a Keswick release schedule, and reduce deliveries and exports as detailed below.   

 
Action I.2.2.A Implementation Procedures for EOS Storage at 2.4 MAF and Above 
 
If the EOS storage is at 2.4 MAF or above, by October 15, Reclamation shall convene a 
group including NMFS, USFWS, and CDFG, through B2IT or other comparable process, to 
consider a range of fall actions.  A written monthly average Keswick release schedule shall 
be developed and submitted to NMFS by November 1 of each year, based on the criteria 
below.  The monthly release schedule shall be tracked through the work group.  If there is 
any disagreement in the group, including NMFS technical staff, the issue/action shall be 
elevated to the WOMT for resolution per standard procedures. 
 
The workgroup shall consider and the following criteria in developing a Keswick release 
schedule:  
 
1) Need for flood control space:  A maximum 3.25 MAF end-of-November storage is 

necessary to maintain space in Shasta Reservoir for flood control. 
 

2) Need for stable Sacramento River level/stage to increase habitat for optimal spring-run 
and fall-run redds/egg incubation and minimization of redd dewatering and juvenile 
stranding. 

 
3) Need/recommendation to implement USFWS’ Delta smelt Fall X2 action as determined 

by the Habitat Study Group formed in accordance with the 2008 Delta smelt Opinion.  
NMFS will continue to participate in the Habitat Study Group (HSG) chartered through 
the 2008 Delta smelt biological opinion.  If, through the HSG, a fall flow action is 
recommended that draws down fall storage significantly from historical patterns, then 
NMFS and USFWS will confer and recommend to Reclamation an optimal storage and 
fall flow pattern to address multiple species’ needs. 

 
If there is a disagreement at the workgroup level, actions may be elevated to NMFS 
Sacramento Area Office Supervisor and resolved through the WOMT’s standard operating 
procedures. 

 
Rationale:  2.2 MAF EOS storage is linked to the potential to provide sufficient cold water 
to meet the minimum Balls Ferry Compliance point in the following year, and it is achievable 
approximately 85 percent of the time.  Based on historical patterns, EOS storage will be 
above 2.4 MAF 70 percent of the time.  The 2.4 MAF storage value provides a reasonable 
margin above the 2.2 level to increase the likelihood that the Balls Ferry Compliance Point 
will be reached while also implementing fall releases to benefit other species and life stages.  
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Therefore, in these circumstances, actions should target the fall life history stages of the 
species covered by this Opinion (i.e., spring-run spawning, winter-run emigration).  The 
development of a Keswick release schedule is a direct method for controlling storage 
maintained in Shasta Reservoir.  It allows Reclamation to operate in a predictable way, while 
meeting the biological requirements of the species.  The B2IT workgroup has been used in 
the past to target actions to benefit fall-run during this time of year using b(2) resources, and, 
because of its expertise, may also be used by Reclamation to develop this flow schedule.  In 
the past, the B2IT group has used the CVPIA AFRP guidelines to target reservoir releases.  
Over time, it may be possible to develop a generic release schedule for these months, based 
on the experience of the work group. 

 
Action I.2.2.B  Implementation Procedures for EOS Storage Above 1.9 MAF and Below 
2.4 MAF 
 
If EOS storage is between 1.9 and 2.4 MAF, then Reclamation shall convene a group 
including NMFS, USFWS, and CDFG, through B2IT or other comparable workgroup, to 
consider a range of fall actions.  Reclamation shall provide NMFS and the work group with 
storage projections based on 50 percent, 70 percent, and 90 percent hydrology through 
February, and develop a monthly average Keswick release schedule based on the criteria 
below.  The monthly release schedule shall be submitted to NMFS by November 1. 

 
Criteria for the release schedule shall include: 

 
1) Maintain Keswick releases between 7000 cfs and 3250 cfs to reduce adverse effects on 

mainstem spring-run and conserve storage for next year’s cold water pool. 
 

2) Consider fall-run needs per CVPIA AFRP guidelines, through January, including 
stabilizing flows to keep redds from de-watering.  

 
3) Be more conservative in Keswick releases throughout fall and early winter if hydrology 

is dry, and release more water for other purposes if hydrology becomes wet.  For 
example, release no more than 4,000 cfs if hydrology remains dry. 

 
The Keswick release schedule shall follow this or a similar format, to be refined by the 
workgroup: 

 
50% hydrology 

 
70% hydrology 90% hydrology  October 

forecast 
based on 

EOS 
storage 

Projected 
storage 
MAF 

Planned 
release 
CFS 

Projected 
storage 
MAF 

Planned 
release 
CFS 

Projected 
storage 
MAF 

Planned 
release 
CFS 

November       
December       

Monthly 
average 
Keswick January       
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release February       
 
Reclamation, in coordination with the work group, shall review updated hydrology and 
choose a monthly average release for every month (November, December, January, 
February), based on the release schedule.  In the event that the updated hydrology indicates a 
very dry pattern and consequent likely reduction in storage, the work group may advise 
Reclamation to take additional actions, including export curtailments, if necessary to 
conserve storage   
 
If there is a disagreement at the work group level, actions may be elevated to NMFS and 
resolved through the WOMT’s standard operating procedures. 

 
Rationale:  It is necessary to be reasonably conservative with fall releases to increase the 
likelihood of adequate storage in the following year to provide cold water releases for winter-
run.  This action is intended to reduce adverse effects on each species without compromising 
the ability to reduce adverse effects on another species.  A work group with biologists from 
multiple agencies will refine the flow schedule, providing operational certainty while 
allowing for real-time operational changes based on updated hydrology.  Over time, it may 
be possible to develop a generic release schedule for these months, based on the experience 
of the work group. 

 
Action I.2.2.C.  Implementation and Exception Procedures for EOS Storage of 1.9 MAF or 
Below 
 
If the EOS storage is at or below 1.9 MAF, then Reclamation shall: 
 

1) In early October, reduce Keswick releases to 3,250 cfs as soon as possible, unless higher 
releases are necessary to meet temperature compliance points (see action I.2.3). 

 
2) Starting in early October, if cool weather prevails and temperature control does not 

mandate higher flows, curtail discretionary water deliveries (including, but not limited to 
agricultural rice decomposition deliveries) to the extent that these do not coincide with 
temperature management for the species.  It is important to maintain suitable 
temperatures targeted to each life stage.  Depending on air and water temperatures, 
delivery of water for rice decomposition, and any other discretionary purposes at this 
time of year, may coincide with the temperature management regime for spring-run and 
fall-run.  This action shall be closely coordinated with NMFS, USFWS, and CDFG. 

 
3) By November 1, submit to NMFS storage projections based on 50 percent, 70 percent, 

and 90 percent hydrology through February.  In coordination with NMFS, Reclamation 
shall:  (1) develop a monthly average Keswick release schedule similar in format to that 
in Action I.2.2.B, based on the criteria below and including actions specified below; and 
(2) review updated hydrology and choose a monthly average release for every month, 
based on the release schedule.  November releases shall be based on a 90 percent 
hydrology estimate.  
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Criteria and actions: 
 

1) Keswick releases shall be managed to improve storage and maintained at 3,250 cfs unless 
hydrology improves. 

 
2) November monthly releases will be based on 90 percent hydrology. 

 
3) Consider fall-run needs through January as per CVPIA AFRP guidelines, including 

stabilizing flows to keep redds from dewatering.  
 

4) Continue to curtail discretionary agricultural rice decomposition deliveries to the extent 
that these do not coincide with temperature management for the species, or impact other 
ESA-listed species.  It is important to maintain suitable temperatures targeted to each life 
stage.  Depending on air and water temperatures, delivery of water for rice decomposition 
may coincide with the temperature management regime for spring-run and fall-run.  This 
action shall be closely coordinated with NMFS. USFWS, and CDFG. 

 
5) If operational changes are necessary to meet Delta outflow, X2, or other legal 

requirements during this time, then:  
 

a) CVP/SWP Delta combined exports shall be curtailed to 2,000 cfs if necessary to meet 
      legal requirements while maintaining a 3,250 cfs Keswick release (or other planned 

release based on biological needs of species); and  
b) if it is necessary to curtail combined exports to values more restrictive than 2000 cfs 

in order to meet Delta outflow, X2, or other legal requirements, then Reclamation and 
DWR shall, as an overall strategy, first, increase releases from Oroville or Folsom; 
and  

c) in general, Reclamation shall increase releases from Keswick as a last resort.  
d) Based on updated monthly hydrology, this restriction may be relaxed, with NMFS’ 

concurrence. 
 

6) If the hydrology and storage have not improved by January, additional restrictions apply 
– see Action I.2.4.   

 
Rationale:  Per actions I.2.3 and I.2.4 below, Reclamation is required to meet 1.9 MAF EOS.  
The BA’s CALSIM modeling shows that during a severe or extended drought, 1.9 EOS 
storage may not be achievable.  In this circumstance, Reclamation should take additional 
steps in the fall and winter months to conserve Shasta storage to the maximum extent 
possible, in order to increase the probability of maintaining cold water supplies necessary for 
egg incubation for the following summer’s cohort of winter-run.   

 
Assessment of the hydrologic record and CALSIM modeling shows that operational actions 
taken during the first year of a drought sequence are very important to providing adequate 
storage and operations in subsequent drought years.  The biological effects of an extended 
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drought are particularly severe for winter-run.  Extended drought conditions are predicted to 
increase in the future in response to climate change.  While it is not possible to predict the 
onset of a drought sequence, in order to ensure that project operations avoid jeopardizing 
listed species, Reclamation should operate in any year in which storage falls below 1.9 MAF 
EOS as potentially the first year of a drought sequence.  The CVP storage system is likely to 
recover more quickly in the winter and spring months if additional storage conservation 
measures are taken in the fall and winter.   

 
The curtailments to discretionary rice decomposition deliveries and combined export 
curtailment of 2,000 cfs are necessary to conserve storage when EOS storage is low.  These 
actions were developed through an exchange of information and expertise with Reclamation 
operators. 

 
This action is consistent with comments from the Calfed Science Peer Review panel.  That 
panel recommended that Shasta be operated on a two-year (as opposed to single year) 
hydrologic planning cycle and that Reclamation take additional steps to incorporate planning 
for potential drought and extended drought into its operations. 

 
Action I.2.3.  February Forecast;  March – May 14 Keswick Release Schedule (Spring 
Actions) 
 

Objective:  To conserve water in Shasta Reservoir in the spring in order to provide sufficient 
water to reduce adverse effects of high water temperature in the summer months for winter-
run, without sacrificing carryover storage in the fall. 

 
Actions:  
 
1) Reclamation shall make its February 15 forecast of deliverable water based on an 

estimate of precipitation and runoff within the Sacramento River basin at least as 
conservative as the 90 percent probability of exceedence.  Subsequent updates of water 
delivery commitments must be based on monthly forecasts at least as conservative as the 
90 percent probability of exceedence. 

 
a) Reclamation shall provide the draft February forecast, and a projection of temperature 

management operations for the summer months, to NMFS no later than seven 
business days after receipt of the official DWR runoff forecast.   

b) NMFS shall be provided at 3 three business days to review the draft forecast.  
c) NMFS shall review the draft February forecast to determine whether the predicted 

delivery schedule is likely to leave sufficient water for temperature management to 
meet ESA requirements. 

d) NMFS shall provide a written evaluation to Reclamation prior to Reclamation making 
the first allocation announcements and for each subsequent month for discretionary 
contract deliveries.   

e) Reclamation shall manage releases from Keswick consistent with the February 
forecast and subsequent monthly hydrology updates. 



 
 598

 
2) Reclamation shall make releases to maintain a temperature compliance point not in 

excess of 56 degrees between Balls Ferry and Bend Bridge from April 15 through May 
15. 

 
Action I.2.3.A  Implementation Procedures if February Forecast, Based on 90 Percent 
Hydrology, Shows that Balls Ferry Temperature Compliance Point and 2.2 MAF EOS 
are Both Achievable 
 
NMFS will review the draft February forecast to determine whether both a temperature 
compliance point at Balls Ferry during the temperature control season (May – October), and 
EOS storage of at least 2.2 MAF, is likely to be achieved.  If both are likely, then 
Reclamation shall announce allocations and operate Keswick releases in March, April, and 
May consistent with its standard plan of operation.  Preparation of a separate Keswick release 
schedule is not necessary in these circumstances. 

 
Rationale:  The 90 percent forecast is a conservative approach for assessing the potential to 
meet both the Balls Ferry TCP and 2.2 MAF EOS performance goals.  If both of these 
performance goals are projected to be met at the time of the February forecast, then no 
restrictions on allocations due to this suite of actions are necessary. 

 
Action  I.2.3.B  Implementation Procedures if February Forecast, Based on 90 Percent 
Hydrology, Shows that Only Balls Ferry Compliance or 2.2 MAF EOS, but Not Both, Is 
Achievable 

 
1) On or before February 15, Reclamation shall reduce Keswick releases to 3,250 cfs, unless 

NMFS concurs on an alternative release schedule.  This reduction shall be maintained 
until a flow schedule is developed per procedures below. 

 
2) In coordination with NMFS, by March 1, Reclamation shall develop an initial monthly 

Keswick release schedule, based on varying hydrology of 50 percent, 70 percent, and 90 
percent (similar in format to the fall and winter action implementation procedures – see 
table above).  These schedules shall be used as guidance for monthly updates and 
consultations.   

 
3) Based on this guidance, Reclamation shall consult with NMFS monthly on Keswick 

releases.  Reclamation shall submit a projected forecast, including monthly average 
release schedules and temperature compliance point to NMFS every month, within 7 
business days of receiving the DWR runoff projections for that month.  Within 3 business 
days of receiving this information from Reclamation, NMFS will review the draft 
schedule for consistency with the criteria below and provide written recommendations to 
Reclamation.   

 
4) The initial monthly Keswick release schedule, and subsequent monthly updates, shall be 

developed based on the following criteria and including the following actions: 
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a) Maintain minimum monthly average flows necessary to meet nondiscretionary 

delivery obligations and legal requirements. 
b) Provide for flow-related biological needs of spring life stages of all species covered 

by this Opinion in the Sacramento River and Delta, to the greatest extent possible. 
c) If operational changes are necessary to meet Delta outflow, X2, or other legal 

requirements during this time, then:  
 

• CVP/SWP Delta combined exports shall be curtailed to 2,000 cfs if necessary to 
meet legal requirements while maintaining a 3,250 cfs Keswick Dam release (or 
other planned release based on biological needs of species); and  

• if it is necessary to curtail combined exports to values more restrictive than 2000 
cfs in order to meet Delta outflow, X2, or other legal requirements, then 
Reclamation and DWR shall, as an overall strategy, first, increase releases from 
Oroville or Folsom Dam; and 

• in general, Reclamation shall increase releases from Keswick Dam as a last resort. 
• Based on improvements in updated monthly hydrology, this restriction may be 

relaxed, with NMFS’ concurrence. 
 

Rationale:  It is necessary to manage storage for potential dry years, to reduce adverse 
effects on winter-run egg incubation in summer months, and on spring-run in fall months.  
According to information provided by Reclamation, the hydrology is too variable this time of 
year to provide for a meaningful 3-month release schedule.  Instead, monthly consultations 
between NMFS and Reclamation are needed to ensure that operations are based on biological 
criteria. 
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Action  I. 2.3. C.  Drought Exception Procedures if February Forecast, Based on 90 
Percent Hydrology, Shows that Clear Creek Temperature Compliance Point or 1.9 
MAF EOS Storage is Not Achievable 
  
Reclamation shall follow all procedures immediately above (Action I.2.3.B) and, in addition, 
shall: 

 
1) By March 1, provide a contingency plan with a written justification that all actions within 

Reclamation’s authorities and discretion are being taken to preserve cold water at Shasta 
Reservoir for the protection of winter-run. 

 
2) The contingency plan shall also, at a minimum, include the following assessments and 

actions: 
 

a) Relaxation of Wilkins Slough navigation criteria to at most 4,000 cfs. 
b) An assessment of any additional technological or operational measures that may be 

feasible and may increase the ability to manage the cold water pool. 
c) Notification to State Water Resources Control Board that meeting the biological 

needs of winter-run and the needs of resident species in the Delta, delivery of water to 
nondiscretionary Sacramento Settlement Contractors, and Delta outflow requirements 
per D-1641, may be in conflict in the coming season and requesting the Board’s 
assistance in determining appropriate contingency measures, and exercising their 
authorities to put these measures in place. 

 
3)   If, during the temperature control season, a Clear Creek TCP on the Sacramento River 

cannot be achieved, then Reclamation shall bypass power at Shasta Dam if NMFS 
determines a bypass is necessary for preserving the cold water pool.  This power by-pass 
may be necessary to maintain temperature controls for winter-run, or later in the 
temperature season, for spring-run. 

  
Rationale:  In these circumstances, there is a one-in-ten likelihood that minimal 
requirements for winter-run egg survival will not be achieved due to depletion of the cold 
water pool, resulting in temperature-related mortality of winter-run and, in addition, most 
likely contributing to temperature-related mortality of spring-run spawning in the fall.  This 
is a conservative forecast, since there is a 90 percent probability that conditions will improve.  
However, the effects analysis in this Opinion concludes that these poor conditions could be 
catastrophic to the species, potentially leading to a significant reduction in the viability of 
winter-run.  Delta objectives (salinity, X2, E/I ratio, OMR flow restrictions for both smelt 
and salmon) are also controlling at this time of year.  There is potential for conflict between 
the need to maintain storage at Shasta and other legal and ecological requirements.  
Consequently, it is necessary to immediately limit releases from Shasta and develop a 
contingency plan.   
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Notification to the State Water Resources Control Board (SWRCB) is essential.  Sacramento 
Settlement Contract withdrawal volumes from the Sacramento River can be quite substantial 
during these months.  The court has recently concluded that Reclamation does not have 
discretion to curtail the Sacramento Settlement contractors to meet Federal ESA 
requirements.  Therefore, NMFS is limited in developing an RPA that minimizes take to 
acceptable levels in these circumstances.  Consequently, other actions are necessary to avoid 
jeopardy to the species, including fish passage at Shasta Dam in the long term.   

 
Separate from this consultation, NMFS will work with the SWRCB to determine whether 
contingency plans within the Board’s authority are warranted, and to assist in developing 
such plans that will allow Reclamation to meet ESA requirements.  The incidental take 
statement for this Opinion also provides limitations of ESA incidental take coverage for 
Settlement Contractors under the terms of this Opinion. 

 
Action 1.2.4  May 15  Through October Keswick Release Schedule (Summer Action) 
 

Objective:  To manage the cold water storage within Shasta Reservoir and make cold water 
releases from Shasta Reservoir to provide suitable habitat temperatures for winter-run, 
spring-run, CV steelhead, and Southern DPS of green sturgeon in the Sacramento River 
between Keswick Dam and Bend Bridge, while retaining sufficient carryover storage to 
manage for next year’s cohorts.  To the extent feasible, manage for suitable temperatures for 
naturally spawning fall-run. 
 
Action:  Reclamation shall develop and implement an annual Temperature Management Plan 
by May 15 to manage the cold water supply within Shasta Reservoir and make cold water 
releases from Shasta Reservoir and Spring Creek to provide suitable temperatures for listed 
species, and, when feasible, fall-run.  

 
Reclamation shall manage operations to achieve daily average water temperatures in the 
Sacramento River between Keswick Dam and Bend Bridge as follows: 

 
1) Not in excess of 56°F at compliance locations between Balls Ferry and Bend Bridge from 

May 15 through September 30 for protection of winter-run, and not in excess of 56°F at 
the same compliance locations between Balls Ferry and Bend Bridge from October 1 
through October 31 for protection of mainstem spring run, whenever possible.  

 
2) Reclamation shall operate to a final Temperature Management Plan starting May 15 and 

ending October 31. 
 

3) As part of the adaptive management process, and in coordination with NMFS, by March 
2010, Reclamation shall fund an independent modeler to review these procedures and the 
recommendations of the Calfed Science Panel report on temperature management and 
recommend specific refinements to these procedures to achieve optimal temperature 
management, with due consideration of the Calfed Science panel’s recommendations 
(Deas et al., 2009) regarding temperature management.  Upon written concurrence of 
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NMFS, refinements to the implementation procedures for this action suite, based on the 
independent contractor’s report, may be adopted and implemented. 

 
Implementation Procedures:  Reclamation shall take the following steps to develop an 
annual Temperature Management plan: 
 
1)  By April 15, Reclamation shall develop and submit to NMFS both 50 percent and 90 

percent forecasts, consistent with its draft plan of summer operations.  Reclamation shall 
model two complete runs for each forecast, one with an upstream TCP and one with a 
downstream TCP.  Together, Reclamation will present four risk-management options to 
NMFS for review.  EOS Storage will be projected for each of the four runs.  If it is very 
wet or very dry, there will be fewer options to present to NMFS. 

2) NMFS will provide comments within five business days to Reclamation, recommending 
that Reclamation either:  (1) operate to one of the options; or (2) develop an alternative 
operations plan necessary to meet reasonably attainable preferred TCP and EOS storage. 

3) Within five business days of receiving NMFS’ recommendations, and based on NMFS’ 
comments, Reclamation will develop an operations plan with specific monthly average 
Keswick releases to attain both TCP from May 15 through the EOS and EOS storage, and 
submit the plan to NMFS for concurrence.  

4) By May 15, Reclamation and NMFS shall jointly submit a final Temperature 
Management Plan to meet the SWRCB 90-5 requirements using the SRTTG.  From May 
15 through October 31, the SRTTG shall track implementation of this plan, and shall 
refine it based real-time information, including run timing, location of redds, air and 
surface water temperature modeling, and projected versus actual extent of the cold water 
pool.  Any disagreement at the work group level regarding how to implement or modify 
the plan will be elevated to NMFS and resolved through WOMT standard operating 
procedures.  

 
Rationale:  Depending on hydrology and air temperature, from May through October, it is 
necessary to use the cold water pool in Shasta Reservoir to provide cold water releases to 
maintain suitable water temperatures for listed anadromous fish below Shasta.  Without 
access to the cold water pool, suitable temperatures for egg incubation are not attainable.  
Preparation of an annual Temperature Management Plan allows Reclamation, in consultation 
with NMFS, to achieve optimal cold water management in a given year.  Temperature 
management requires tradeoffs between extending the range of suitable habitat by moving 
the compliance point downstream from Balls Ferry, and conserving EOS storage.  The 
storage level at the EOS is important to manage the risk of unsuitably warm water 
temperatures for winter-run in the following summer.  Maintaining suitable temperatures in 
September and October is also important to minimize adverse effects of project operations to 
main stem Sacramento River spring-run.   Fall-run, a non-listed species that is important as a 
prey base for Southern Resident Killer Whale, also benefits from suitable temperatures in the 
Fall. 

 
Development of 2 to 4 options for temperature management, prior to finalizing a plan allows 
for meaningful discussion of appropriate risk management strategies in a given year, based 
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on timely hydrologic and biological considerations.  Important factors differ from year to 
year, and need to be considered in operations planning.  They include the projected size of 
the winter-run year class (and thus the extent of habitat needed); timing and location of 
spawning and redds based on aerial surveys; the extent of the cold water pool, given air 
temperatures; and operation of the Temperature Control Device to provide optimal use of the 
cold water pool.  Preparation of a draft plan also allows for iterative planning and feedback.  
Operations can be tailored each year to achieve the optimal approach to temperature 
management to maintain viable populations of anadromous fish, based on the best available 
information.    

 
The Calfed Science Program peer review report on temperature management emphasized the 
importance of refining temperature management practices in the long term and included 
recommendations for doing so.  The requirement to hire an independent contractor to 
recommend specific refinements to the procedures in this RPA responds to these 
recommendations. 

 
Action I.2.5.  Winter-Run Passage and Re-Introduction Program at Shasta Dam 
 

See Fish Passage Program, Action V 
 
Action I.2.6.  Restore Battle Creek for Winter-Run, Spring-Run, and CV Steelhead  
 

Objective:  To partially compensate for unavoidable adverse effects of project operations by 
restoring winter-run and spring-run to the Battle Creek watershed.  A second population of 
winter-run would reduce the risk of extinction of the species from lost resiliency and 
increased vulnerability to catastrophic events. 
 
Description of Action:  Reclamation shall direct discretionary funds to implement the Battle 
Creek Salmon and Steelhead Restoration Project.  Phase 1A funding is currently allocated 
through various partners and scheduled to commence in Summer 2009 (Reclamation 2008c). 
DWR shall direct discretionary funds for Phase 1B and Phase 2, consistent with the proposed 
amended Delta Fish Agreement by December 31 of each year, Reclamation and DWR will 
submit a written report to NMFS on the status of the project, including phases completed, 
funds expended, effectiveness of project actions, additional actions planned (including a 
schedule for further actions), and additional funds needed.  The Battle Creek Salmon and 
Steelhead Restoration Project shall be completed no later than 2019.  

  
Rationale:  Modeling projections in the BA show that adverse effects of ongoing project 
operations cannot be fully minimized.  Severe temperature-related effects due to project 
operations will occur in some years.  This RPA includes an exception procedure in 
anticipation of these occurrences (see Action I.2.2).  Establishing additional populations of 
winter-run is critical to stabilize the high risk of extinction resulting from the proposed action 
on the only existing population of this species.  $26 million has been identified for this 
project in the American Recovery and Reinvestment Act of 2009. 
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Action Suite I.3.  Red Bluff Diversion Dam (RBDD) Operations 
 
Objectives:  Reduce mortality and delay of adult and juvenile migration of winter-run, spring-
run, CV steelhead, and Southern DPS of green sturgeon caused by the presence of the diversion 
dam and the configuration of the operable gates.  Reduce adverse modification of the passage 
element of critical habitat for these species.  Provide unimpeded upstream and downstream fish 
passage in the long term by raising the gates year-round, and minimize adverse effects of 
continuing dam operations, while pumps are constructed replace the loss of the diversion 
structure. 
 
Action I.3.1.   Operations after May 14, 2012: Operate RBDD with Gates Out 
 

Action:  No later than May 15, 2012, Reclamation shall operate RBDD with gates out all 
year to allow unimpeded passage for listed anadromous fish.  If the Red Bluff Alternative 
Intake Structure is not anticipated to be operational by May 15, 2012, Reclamation may 
submit a request to NMFS, no later than January 31, 2012, to close the gates from June 15 to 
September 1, 2012.  This request must document that all milestones for construction of the 
alternative pumping plant have been met and that all other conservation measures (see 
below) have been implemented.   

 
Rationale:  RBDD impedes and delays upstream migration of adult winter-run, spring-run, 
CV steelhead, and Southern DPS of green sturgeon.  It also impedes and delays downstream 
passage of juveniles of the same species.  It adversely modifies critical habitat for these 
species by impairing important mainstem passage.  Pumps can be used to deliver water 
currently made available by placing gates in the river, and $109 million has been identified in 
the recent American Recovery and Reinvestment Act of 2009 for the Red Bluff Pumping 
Plant.   

 
Action I.3.2.  Interim Operations  

 
Action:  Until May 14, 2012, Reclamation shall operate RBDD according to the following 
schedule:  
 
• September 1 - June 14:  Gates open.  No emergency closures of gates are allowed. 
• June 15 - August 31:  Gates may be closed at Reclamation’s discretion, if necessary to 

deliver water to TCCA.   
 
Rationale:  Having gates out until June 15 is necessary for winter-run, spring-run and green 
sturgeon adult passage to spawning habitat.  TCCA can withdraw 465 cfs without the gates in 
the river.  Their water demand typically reaches 800 cfs by June 15, therefore, TCCA will 
need supplemental pumping capacity to meet water demand until June 15.  NMFS has 
consulted with Reclamation separately on the effects of an interim pumping operation.  
Implementation of these improvements to passage conditions at RBDD, in conjunction with 
several other conservation and research measures proposed by TCCA (Appendix 2-B), is 
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expected to reduce the effects of continuing (for the next three years) the (modified) 
operations of RBDD to a level that will not reduce the likelihood of survival and recovery of 
these ESUs and DPSs. 

 
Action I.3.3.  Interim Operation for Green Sturgeon  
 

Objective:  Allow passage of green sturgeon during interim operations. 
 

Action:  When gates are in, Reclamation shall retain a minimum 18-inch opening under the 
gates that are open, to allow safe downstream passage of adult green sturgeon.  The 18-inch 
opening may be modified to 12 inches by the RBDD technical team if necessary to maintain 
the structural integrity of the dam and/or adequate attraction flows for salmonids at the fish 
ladders, or in consideration of other real-time fish migratory issues. 
 
Rationale:  Twelve to 18 inches is the estimated minimum gate opening that would allow 
adult green sturgeon to pass downstream underneath the RBDD gates uninjured.   

 
Action I.3.4:  Measures to Compensate for Adverse Effects of Interim Operations on Green 
Sturgeon 
 

Objective:  Offset short-term effects to green sturgeon due to interim gate operations by 
investing in geographically specific research needed to determine green sturgeon life history 
and recovery needs. 
 
Action:  Reclamation shall continue ongoing funded research to characterize green sturgeon 
populations in the upper Sacramento River Basin, their movements, and habitat usage, as 
planned through fiscal year 2009.  In addition, Reclamation (or TCCA) shall convene a 
technical team, including representatives from NMFS, CDFG, USFWS, Corps, the 
University of California at Davis (UCD), and other cooperators, to review studies and results 
and coordinate research needs for green sturgeon.  Reclamation and/or TCCA shall provide 
the necessary funding to insure that research will continue to be conducted in a coordinated 
and cooperative manner with the express intent of fully implementing the research projects 
described in the UCD proposal in Appendix 2-B to this Opinion. 
 
Rationale:  The exact timing of spawning migration for green sturgeon is not known, and 
during interim operations the potential remains for late arriving green sturgeon to be blocked 
by the dam after June 14.  There is also a potential for post-spawn adult migrants and post-
hatch juvenile migrants to be adversely affected, since they must pass downstream through 
the narrow clearance and high turbulence caused by the closed dam gates between June 14 
and August 31. 
 
Although the proposed studies will not directly benefit the green sturgeon that will be 
impacted by the dam during the interim period before the gates are permanently lifted, these 
studies will greatly benefit the Southern DPS of green sturgeon as a whole by revealing 
important information that will improve their likelihood of survival and recovery over the 
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long term.  The studies will provide vital information on the life history and biological 
requirements of green sturgeon, which will allow NMFS to develop and implement a 
comprehensive and effective recovery plan for the DPS.  By combining these long-term 
benefits to the survival and recovery of the Southern DPS of green sturgeon with the other 
significant improvements to habitat conditions required within this RPA (reduced gates-in 
periods, increased minimum gate openings, improved water temperature conditions for 
spawning and rearing, improved migration and rearing conditions in the lower river and 
Delta), the full implementation of this RPA is expected to offset the effects of continuing (for 
the next three years) the (modified) operations of RBDD to a level that will not reduce the 
likelihood of survival and recovery of the green sturgeon DPSs.  
 

Action I.3.5.  Measures to Compensate for Adverse Effects of Interim Operations on 
Spring-Run 
 

Objective:  Offset unavoidable short-term effects to spring-run from passage impediments of 
RBDD by restoring spring-run passage elsewhere in the Sacramento River system. 
 
Action:  Reclamation shall provide $500,000 for implementation of spring- run passage 
improvement projects in the Sacramento River.  Appendix 2-B describes specific projects 
that may be implemented.  By December 15, 2009, Reclamation shall provide NMFS with a 
prioritized list of projects from Appendix 2-B and an implementation schedule.  Reclamation 
shall provide an annual report to NMFS on implementation and effectiveness of projects.  
Reclamation shall monitor and maintain these projects for five years. 
 
Rationale:  During interim operations, late arriving spring-run may be adversely affected by 
the dam after June 14.  Construction and maintenance of the interim pumping facility also 
may have short-term adverse effects on spring-run.   
 
The proposed passage restoration projects are likely to benefit the spring-run ESU as a whole 
by improving access to spawning habitat for some of the key populations within the ESU.  
Although the proposed improvements will not provide passage benefits to the small 
dependent populations that spawn upstream of RBDD, they will benefit the large 
independent populations that spawn in downstream tributaries.  Passage improvements for 
the large independent population, in turn, will benefit the smaller populations throughout the 
Central Valley that depend on these larger populations to supplement their numbers and 
genetic diversity. 

 
Action I.4.  Wilkins Slough Operations  
 

Objective:  Enhance the ability to manage temperatures for anadromous fish below Shasta 
Dam by operating Wilkins Slough in the manner that best conserves the dam’s cold water 
pool for summer releases.   
 
Action:   Reclamation shall convene the SRTTG to review past operational data, hydrology, 
and fisheries needs for Wilkins Slough.  The SRTTG shall recommend Wilkins Slough 
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minimum flows for anadromous fish in critically dry years, in lieu of the current 5,000 cfs 
navigation criterion.  Recommendations shall be made to NMFS by December 1, 2009.  The 
recommendations will be implemented upon NMFS’ concurrence.   
 
In years other than critically dry years, the need for a variance from the 5,000 cfs navigation 
criterion will be considered during the process of developing the Keswick release schedules 
(Action I.2.2-4). 
 
Rationale:  In some circumstances, maintaining the Wilkins Slough navigation channel at 
5,000 cfs may be a significant draw on Shasta reservoir levels and affect the summer cold 
water pool necessary to maintain suitable temperatures for winter-run egg incubation and 
emergence.  Reclamation has stated that it is no longer necessary to maintain 5,000 cfs for 
navigation (CVP/SWP operations BA, page 2-39).  Operating to a minimal flow level based 
on fish needs, rather than on outdated navigational requirements, will enhance the ability to 
use cold-water releases to maintain cooler summer temperatures in the Sacramento River. 

 
Action I.5.  Funding for CVPIA Anadromous Fish Screen Program (AFSP) 
 

Objective:  To reduce entrainment of juvenile anadromous fish from unscreened diversions. 
 

Action:   Reclamation shall screen priority diversions as identified in the CVPIA AFSP, 
consistent with previous funding levels for this program.  In addition, Reclamation/CVPIA 
Program shall evaluate the potential to develop alternative screened intakes that allow 
diverters to withdraw water below surface levels required by the antiquated Wilkins Slough 
navigation requirement criterion of 5,000 cfs. 

 
Rationale:  Approximately ten percent of 129 CVP diversions listed in Appendix D-1 of the 
CVP/SWP operations BA are currently screened.  Of these, most of the largest diversions 
(greater than 250 cfs) have already been screened; however, a large number of smaller 
diversions (less than 250 cfs) remain unscreened or do not meet NMFS fish screening criteria 
(NMFS 1997; e.g., CVP and SWP Delta diversions, Rock Slough diversion).  The AFSP has 
identified priorities for screening that is consistent with the needs of listed fish species.  
Screening will reduce the loss of listed fish in water diversion channels.  In addition, if new 
fish screens can be extended to allow diversions below 5,000 cfs at Wilkins Slough, then 
cold water can be conserved during critically dry years at Shasta Reservoir for winter-run and 
spring-run life history needs. 

 
Action Suite I.6:  Sacramento River Basin Salmonid Rearing Habitat Improvements  
 
Objective:  To restore floodplain rearing habitat for juvenile winter-run, spring-run, and CV 
steelhead in the lower Sacramento River basin, to compensate for unavoidable adverse effects of 
project operations.  This objective may be achieved at the Yolo Bypass, and/or through actions in 
other suitable areas of the lower Sacramento River.   
 



 
 608

The suite of actions includes near term and long-term actions.  The near-term action (Action 
I.6.2) is ready to be implemented and can provide rearing benefits within two years of issuing 
this Opinion.  The long-term actions (Actions I.6.1, I.6.3, and I.6.4) require additional planning 
and coordination over a five- to ten-year time frame. 
 
These actions are consistent with Reclamation’s broad authorities in CVPIA to develop and 
implement these types of restoration projects.  When necessary to achieve the overall objectives 
of this action, Reclamation and DWR, in cooperation with other agencies and funding sources, 
including the Delta Fish Agreement and any amendments, shall:  (1) apply for necessary permits; 
(2) seek to purchase land, easements, and/or water rights from willing sellers; (3) seek additional 
authority and/or funding from Congress or the California State Legislature, respectively; and (4) 
pursue a Memorandum of Agreement with the Corps. 
 
Similar actions addressing rearing and fish passage are under consideration in the BDCP 
development process and may ultimately satisfy the requirements in Actions I.6 and I.7.  BDCP 
is scheduled to be completed by December 31, 2010. 
 
Action I.6.1.  Restoration of Floodplain Rearing Habitat 
 

Objective:  To restore floodplain rearing habitat for juvenile winter-run, spring-run, and CV 
steelhead in the lower Sacramento River basin.  This objective may be achieved at the Yolo 
Bypass, and/or through actions in other suitable areas of the lower Sacramento River.   
 
Action:  In cooperation with CDFG, USFWS, NMFS, and the Corps, Reclamation and DWR 
shall, to the maximum extent of their authorities (excluding condemnation authority), provide 
significantly increased acreage of seasonal floodplain rearing habitat, with biologically 
appropriate durations and magnitudes, from December through April, in the lower 
Sacramento River basin, on a return rate of approximately one to three years, depending on 
water year type.  In the event that this action conflicts with Shasta Operations Actions I.2.1 to 
I.2.3, the Shasta Operations Actions shall prevail.   
 
Implementation procedures:  By December 31, 2011, Reclamation and DWR shall submit 
to NMFS a plan to implement this action.  This plan should include an evaluation of options 
to:  (1) restore juvenile rearing areas that provide seasonal inundation at appropriate intervals, 
such as areas identified in Appendix 2-C or by using the Sacramento River Ecological Flow 
Tool (ESSA/The Nature Conservancy 2009) or other habitat modeling tools; (2) increase 
inundation of publicly and privately owned suitable acreage within the Yolo Bypass; (3) 
modify operations of the Sacramento Weir (which is owned and operated by the Department 
of Water Resources) or Fremont Weir to increase rearing habitat; and (4) achieve the 
restoration objective through other operational or engineering solutions.  An initial 
performance measure shall be 17,000-20,000 acres (excluding tidally-influenced areas), with 
appropriate frequency and duration.  This measure is based on the work by Sommer et al. 
(2001, 2004) at Yolo Bypass and on recent analyses conducted for the BDCP process of 
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inundation levels at various river stages.  (BDCP Integration Team 2009).28  The plan may 
include a proposal to modify this performance measure, based on best available science or on 
a scientifically based adaptive management process patterned after Walters (1997).   
 
This plan also shall include:  (1) specific biological objectives, restoration actions, and 
locations; (2) specific operational criteria; (3) a timeline with key milestones, including 
restoration of significant acreage by December 31, 2013; (4) performance goals and 
associated monitoring, including habitat attributes, juvenile and adult metrics, and inundation 
depth and duration criteria; (5) specific actions to minimize stranding or migration barriers 
for juvenile salmon; and (6) identification of regulatory and legal constraints that may delay 
implementation, and a strategy to address those constraints.  Reclamation and DWR shall, to 
the maximum extent of their authorities and in cooperation with other agencies and funding 
sources, implement the plan upon completion, and shall provide annual progress reports to 
NMFS.  In the event that less than one half of the total acreage identified in the plan’s 
performance goal is implemented by 2016, then Reclamation and DWR shall re-initiate 
consultation. 
 
The USFWS’ Delta smelt biological opinion includes an action to restore 8,000 acres of tidal 
habitat for the benefit of Delta smelt.  If these 8,000 acres also provide suitable rearing 
habitat for salmonids, they may be used in partial satisfaction of the objective of this action. 
 
This action is not intended to conflict with or replace habitat restoration planning in the 
BDCP process. 
 
Rationale:  Rearing and migration habitats for all anadromous fish species in the Sacramento 
basin are in short supply.  Project operations limit the availability of such habitats by 
reducing the frequency and duration of seasonal over-bank flows as a result of flood 
management and storage operational criteria.  Recent evaluations on the Yolo Bypass and 
Cosumnes River have shown that juvenile Chinook salmon grow faster when seasonal 
floodplain habitats are available (Sommer et al. 2001, 2005; Jeffres et al. 2008).  Sommer et 
al. (2005) suggest these floodplain benefits are reflected in adult return rates.  This action is 
intended to offset unavoidable adverse effects to rearing habitat and juvenile productivity of 
winter-run, spring-run, and CV steelhead in the Sacramento River basin, by increasing 
available habitat that is inundated with the frequency and duration of suitable floodplain 
rearing habitats during December through April.   
 
In high flow years (e.g., similar to 1998), this action can be achieved solely by inundation of 
the Yolo Bypass.  In other years, this action may be accomplished by a combination of 
actions such as increasing the year-to-year inundation frequency of existing floodplains such 
as portions of the Yolo Bypass, by restoring rearing habitat attributes to suitable areas, 
through restoration or enhancement of intertidal areas such as Liberty Island, creation or re-
establishment of side channels, and re-created floodplain terrace areas.   
 

 
28   The analyses assumed a notch in the Fremont Weir. 
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Action I.6.2.  Near-Term Actions at Liberty Island/Lower Cache Slough and Lower Yolo 
Bypass 
 

Description of Action:  By September 30, 2010, Reclamation and/or DWR shall take all 
necessary steps to ensure that an enhancement plan is completed and implemented for 
Liberty Island/Lower Cache Slough, as described in Appendix 2-C.  This action shall be 
monitored for the subsequent five years, at a minimum, to evaluate the use of the area by 
juvenile salmonids and to measure changes in growth rates.  Interim monitoring reports shall 
be submitted to NMFS annually, by September 30 each year, and a final monitoring report 
shall be submitted on September 30, 2015, or in the fifth year following implementation of 
enhancement actions.  NMFS will determine at that time whether modification of the action 
or additional monitoring is necessary to achieve or confirm the desired results.  This action 
shall be designed to avoid stranding or migration barriers for juvenile salmon.   

 
Action I.6.3.  Lower Putah Creek Enhancements 
 

Description of Action:  By December 31, 2015, Reclamation and/or DWR shall develop and 
implement Lower Putah Creek enhancements as described in Appendix 2-C, including 
stream realignment and floodplain restoration for fish passage improvement and multi-
species habitat development on existing public lands.  By September 1 of each year, 
Reclamation and/or DWR shall submit to NMFS a progress report towards the successful 
implementation of this action.  This action shall not result in stranding or migration barriers 
for juvenile salmon.   

 
Action I.6.4.  Improvements to Lisbon Weir 
 

Action:  By December 31, 2015, Reclamation and/or DWR shall, to the maximum extent of 
their authorities, assure that improvements to the Lisbon Weir are made that are likely to 
achieve the fish and wildlife benefits described in Appendix 2-C.  Improvements will include 
modification or replacement of Lisbon Weir, if necessary to achieve the desired benefits for 
fish.  If neither Reclamation nor DWR has authority to make structural or operational 
modifications to the weir, they shall work with the owners and operators of the weir to make 
the desired improvements, including providing funding and technical assistance.  By 
September 1 of each year, Reclamation and/or DWR shall submit to NMFS a report on 
progress toward the successful implementation of this action.  Reclamation and DWR must 
assure that this action does not result in migration barriers or stranding of juvenile salmon.   
 
Rationale for Actions I.6.2 to I.6.4:  These actions have been fully vetted by CDFG and 
found to be necessary initial steps in improving rearing habitat for listed species in the lower 
Sacramento River basin.  These improvements are necessary to off-set ongoing adverse 
effects of project operations, primary due to flood control operations.  Additional 
descriptions of these actions are contained in the draft amendment to the Delta Fish 
Agreement (CVP/SWP operations BA appendix Y). 

 



 
 611

Action I.7.  Reduce Migratory Delays and Loss of Salmon, Steelhead, and Sturgeon at 
Fremont Weir and Other Structures in the Yolo Bypass 
 

Objective:  Reduce migratory delays and loss of adult and juvenile winter-run, spring-run, 
CV steelhead and Southern DPS of green sturgeon at Fremont Weir and other structures in 
the Yolo Bypass. 

 
Description of Action:  By December 31, 2011, as part of the plan described in Action I.6.1, 
Reclamation and/or DWR shall submit a plan to NMFS to provide for high quality, reliable 
migratory passage for Sacramento Basin adult and juvenile anadromous fishes through the 
Yolo Bypass.  By June 30, 2011, Reclamation and/or DWR shall obtain NMFS concurrence 
and, to the maximum extent of their authorities, and in cooperation with other agencies and 
funding sources, begin implementation of the plan, including any physical modifications.  By 
September 30, 2009, Reclamation shall request in writing that the Corps take necessary steps 
to alter Fremont Weir and/or any other facilities or operations requirements of the 
Sacramento River Flood Control Project or Yolo Bypass facility in order to provide fish 
passage and shall offer to enter into a Memorandum of Understanding, interagency 
agreement, or other similar mechanism, to provide technical assistance and funding for the 
necessary work.  By June 30, 2010, Reclamation shall provide a written report to NMFS on 
the status of its efforts to complete this action, in cooperation with the Corps, including 
milestones and timelines to complete passage improvements.   

 
Reclamation and/or DWR shall assess the performance of improved passage and flows 
through the bypass, to include an adult component for salmonids and sturgeon (i.e., at a 
minimum, acoustic receivers placed at the head and tail of the bypass to detect use by adults). 
 
Rationale:  The Yolo Bypass and Fremont Weir has been a documented source of migratory 
delay to, and loss of, adult winter-run, spring-run, CV steelhead and Southern DPS of green 
sturgeon.  The existing fish passage structure is inadequate to allow normal passage at most 
operational levels of the Sacramento River. The project agencies must work with the Corps, 
which owns and operates Fremont Weir, to achieve improvements for fish.  Other structures 
within the Yolo Bypass, such as the toe drain, Lisbon Weir, and irrigation dams in the 
northern end of the Tule Canal, also can impede migration of adult anadromous fish.  
Additionally, stranding of juvenile salmonids and sturgeon has been reported in the Yolo 
Bypass in scoured areas behind the weir and in other areas.  This action offsets unavoidable 
project effects on adult migration and minimizes the direct losses from flood management 
activities associated with operations.   

 
 

II.  AMERICAN RIVER DIVISION 
 
Introduction to American River Actions:  The CV steelhead DPS is the only species addressed 
in this Opinion with a spawning population in the American River.  The DPS includes naturally 
spawned steelhead in the American River (and other Central Valley stocks) and excludes 
steelhead spawned and reared at Nimbus Fish Hatchery.  The in-river population is small, with 
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observations of a few hundred adults returning to spawn in the American River each year.  
Limited observations made in 2003, 2004, 2005, and 2007 of whether in-river spawners were 
adipose fin-clipped or not indicate that some in-river spawners are of wild origin (Hannon and 
Deason 2008).  This suggests that the listed stock has some ability to survive habitat conditions 
in the American River, Delta, and Ocean, even in their degraded state as described in preceding 
sections of this Opinion. 
 
The in-river population is likely entirely made up of Nimbus Fish Hatchery steelhead or their 
descendents.  Early Nimbus Fish Hatchery broodstock included naturally produced fish from the 
American River and stocks from the Washougal (Washington), Siletz (Oregon), Mad, Eel, 
Sacramento and Russian rivers, with the Eel River stock being the most heavily used (Staley 
1976, McEwan and Jackson 1996).   
 
Even though the American River steelhead population is small and is entirely influenced by 
hatchery fish with out-of-basin genetics, NMFS views the population as being important to the 
survival and recovery of the species.  CV TRT shares this view by recommending that, “every 
extant population be viewed as necessary for the recovery of the ESU” (Lindley et al., 2007).  In 
addition, the steelhead population has presumably become somewhat locally adapted to the 
American River, and it has potential to substantially contribute to the viability of the DPS if 
water, habitat, and hatchery management efforts are coordinated and directed at achieving such a 
goal.   
 
Key proposed project-related stressors include:  (1) the provision of water temperatures warmer 
than steelhead life stage-specific requirements; (2) flow fluctuations that dewater redds, strand 
fry, and isolate fry and juveniles in off-channel pools where they are vulnerable to both predation 
and exposure to lethal and sub-lethal water temperatures; and (3) low flows limiting the 
availability of quality rearing habitat including predator refuge habitat.   
 
The most influential baseline stressor to steelhead within the American River Division is the 
presence of Nimbus and Folsom dams, which block steelhead from all of their historic spawning 
and rearing habitat.  This Opinion concludes that both increased water demands and effects of 
climate change will lead to further deterioration of suitable habitat conditions, including 
increased temperatures and decreased flows.  Therefore, a passage program to expand the range 
of the American River steelhead population above Folsom Dam is necessary.  If feasible, 
American River steelhead should be provided access to their full historic range.  Given the long-
term duration associated with the fish passage actions (see Fish Passage Program below, in 
Action V), it is necessary to plan and implement actions targeted at improving steelhead habitat 
below Nimbus Dam.  NMFS concludes that coordinated management in four realms - water 
operations and associated structures, American River habitat, Nimbus Fish Hatchery operations, 
and in-river harvest – will substantially lower the extinction risk of American River steelhead   
 
Action II.1.  Lower American River Flow Management  
 

Objective:  To provide minimum flows for all steelhead life stages. 
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Action:  Implement the flow schedule specified in the Water Forum’s29 Flow Management 
Standard (FMS), which is summarized in Appendix 2-D of this Opinion.  The FMS flow 
schedule has been developed by the Water Forum, Reclamation, USFWS, NMFS, and CDFG 
in order to establish required minimum flows for anadromous salmonids in the lower 
American River.  The flow schedule specifies minimum flows and does not preclude 
Reclamation from making higher releases at Nimbus Dam.   

 
Reclamation shall ensure that flow, water temperature, steelhead spawning, and steelhead 
rearing monitoring is conducted annually in order to help inform the ARG process and to 
evaluate take associated with flow fluctuations and warm water temperatures.  Steelhead 
monitoring surveys should follow the objectives and protocols specified in the FMS 
Monitoring and Evaluation Program relating to steelhead spawning and rearing. 

  
Implementation procedures:  Reclamation shall convene the American River Group 
(ARG), comprised of representatives from Reclamation, NMFS, USFWS, CDFG and the 
Water Forum, to make recommendations for management within the constraints of the FMS.  
If there is a lack of consensus, ARG shall advise NMFS, and NMFS will make a 
recommendation to the WOMT for a decision.  
 
Rationale:  Reclamation operates Folsom Dam and Reservoir to provide water for irrigation, 
municipal and industrial uses, hydroelectric power, recreation, water quality, flood control, 
and fish protection.  Reclamation operates Folsom Dam and Reservoir under a state water 
right permit and fish protection requirements that were adopted in 1958 as SWRCB Decision 
893 (D-893).  This decision allows flows at the mouth of the American River to fall as low as 
250 cfs from January through mid-September, with a minimum of 500 cfs required between 
September 15 and December 31.   

 
Biological, socioeconomic, legal, and institutional conditions have changed substantially 
since the SWRCB adopted D-893 in 1958.  For example, D-893 does not address 
requirements of the CVPIA, the 1995 Bay Delta Plan, or previous Opinions to protect Central 
Valley anadromous salmonids.  The SWRCB, Reclamation and many diverse stakeholders 
(e.g., Water Forum) involved in various American River actions have agreed that the 
conditions specified in D-893 are not sufficiently protective of the fishery resources within 
the lower American River.   

 
The flow schedule specified in Appendix 2-D was developed to require more protective 
minimum flows in the lower American River in consideration of the river’s aquatic 
resources, particularly steelhead and fall-run.   

 
The monitoring called for in this RPA action including flow, water temperature, steelhead 
spawning, and steelhead rearing monitoring is necessary for the ARG to responsibly carry 

 
29 In September 1993, the Water Forum, a diverse group of business and agricultural leaders, citizens groups, environmentalists, 
water managers, and local governments in the Sacramento Region, was formed to evaluate water resources and future water 
supply needs of the Sacramento metropolitan region. 
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out this mission.  In addition, this monitoring is necessary to evaluate take associated with 
American River Division operations. 

 
Action II.2.  Lower American River Temperature Management 
 

Objective:  Maintain suitable temperatures to support over-summer rearing of juvenile 
steelhead in the lower American River. 
 
Action:  Each year, Reclamation shall prepare a draft Operations Forecast and Temperature 
Management Plan based on forecasted conditions and submit the draft Plan to NMFS for 
review by May 1 of each year.  The information provided in the Operations Forecast will be 
used in the development of the Temperature Plan.  The draft plan shall contain:  (1) forecasts 
of hydrology and storage; (2) a modeling run or runs, using these forecasts, demonstrating 
that the temperature compliance point can be attained (see Coldwater Management Pool 
Model approach in Appendix 2-D); (3) a plan of operation based on this modeling run that 
demonstrates that all other non-discretionary requirements are met; and (4) allocations for 
discretionary deliveries that conform to the plan of operation.  Reclamation shall use an 
iterative approach, varying proposed operations, with the objective to attain the temperature 
compliance point at Watt Avenue Bridge.  Within ten calendar days of receiving the draft 
Temperature Plan, NMFS will provide a written review of this plan for the purpose of 
determining whether requirements in this Opinion are likely to be met.  Reclamation shall 
produce a final plan prior to May 15 deliveries and implement the plan upon finalization.  
Reclamation may update the plan every month based on hydrology and must seek NMFS’ 
concurrence on proposed deviations from the plan that may reduce the likelihood that the 
temperature objective will be met. 

 
Temperature Requirement:  Reclamation shall manage the Folsom/Nimbus Dam complex 
and the water temperature control shutters at Folsom Dam to maintain a daily average water 
temperature of 65°F or lower at Watt Avenue Bridge from May 15 through October 31, to 
provide suitable conditions for juvenile steelhead rearing in the lower American River.  If 
this temperature is exceeded for three consecutive days, or is exceeded by more than 3°F for 
a single day, Reclamation shall notify NMFS in writing and will convene the ARG to make 
recommendations regarding potential cold water management alternatives to improve water 
temperature conditions for fish, including potential power bypasses.  If there is a lack of 
consensus on actions to be taken, the ARG shall advise NMFS and be elevated through the 
WOMT standard operating procedures.   
 
Exception:  When preparing the Operations Forecast and Temperature Management Plan, 
Reclamation may submit to NMFS a written determination that, after taking all actions 
within its authorities, it is unlikely to meet the above temperature requirement.  This 
determination must be supported by specific iterative modeling techniques that vary 
allocations and delivery schedules such as application of the Coldwater Management Pool 
model (see Appendix 2-D).  In the event that Reclamation determines that other 
nondiscretionary requirements (e.g., D-1641 or requirements of the USFWS’ Delta smelt 
biological opinion) conflict with attainment of the temperature requirement, Reclamation will 
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convene the ARG to obtain recommendations.  If consensus cannot be achieved within the 
ARG, the ARG shall advise NMFS, and NMFS will make a recommendation to the WOMT, 
per standard operating procedures.   
 
During the May 15 to October 31 period, when the 65°F temperature requirement cannot be 
met because of limited cold water availability in Folsom Reservoir, then the target daily 
average water temperature at Watt Avenue may be increased incrementally (i.e., no more 
than one degree Fahrenheit every 12 hours) to as high as 68°F.   
 
 

The priority for use of the lowest water temperature control shutters at Folsom Dam shall be 
to achieve the water temperature requirement for steelhead, and thereafter may also be used 
to provide cold water for fall-run spawning. 
 
Rationale:  As demonstrated in section 6.4 of this Opinion, steelhead are frequently exposed 
to water temperatures warmer than required for juvenile rearing, resulting in reduced fitness 
as is evident through the expression of visible thermal stress symptoms (i.e., bacterial 
inflammations).  This thermal stress decreases steelhead immune system function and 
increases steelhead vulnerability to other sources of sub-lethal and lethal effects such as 
disease and predation.  Monitoring of juvenile steelhead conducted by CDFG showed that 
bacterial inflammation was prevalent in steelhead throughout the river and the frequency of 
its occurrence increased as the duration of exposure to water temperatures over 65°F 
increased.  The 65°F or lower daily average water temperature target was identified based on 
CDFG’s monitoring as well as published scientific literature.  Based on past convention of 
the ARG, the temperature compliance point is maintained at Watt Avenue Bridge, even 
though suitable rearing habitat is between Watt Avenue and Nimbus Dam.   

 
Action II.3.  Structural Improvements  
 

Objective:  Improve the ability to manage the cold water pool to provide suitable 
temperatures for listed fish through physical and structural improvements at the dams. 
 
Action:  Reclamation shall evaluate physical and structural modifications that may improve 
temperature management capability, as detailed below.  Upon completion of the evaluation, 
Reclamation shall select the most promising projects and shall submit, by June 30th 2010, a 
proposed plan to NMFS to implement selected projects.  Reclamation shall seek NMFS’ 
concurrence that the proposed projects are likely to be effective in reducing adverse effects of 
warm water temperatures on listed fish.  With NMFS’ concurrence, Reclamation shall 
implement selected projects by December 15, 2012. 
 
Modifying the following structures may substantially improve the ability to manage 
temperature in the Lower American River to reduce adverse effects of unsuitably warm water 
on listed species.  The comparative benefits and costs of alternative modifications that will 
achieve objectives have not been fully analyzed.  Reclamation shall analyze alternatives for 
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each of the objectives listed below and shall implement the most effective alternative(s) for 
each objective: 

 
1) Folsom Dam temperature control device.  The objective of this action is to improve 
access to and management of Folsom Reservoir’s cold water pool.  Alternatives include 

enhancement of the existing shutters, replacement of the shutter system, and construction 
of a device to access cold water below the penstocks. If neither Reclamation nor DWR 
has authority to make structural or operational modifications to the control device, they 
shall seek to enter into an MOU with the Army Corps of Engineers to utilize their 
existing authorities.  
 

2) Cold water transport through Lake Natoma.  The objective of this action is to transfer 
cold water from Folsom Dam to Nimbus Dam with minimal increase in temperature.  
Alternatives include dredging, construction of temperature curtains or pipelines, and 
changes in Lake Natoma water surface elevation.   

 
3) El Dorado Irrigation District Temperature Control Device (EID TCD).  The 

objective of this action is to conserve cold water in Folsom Lake.  Alternative intake 
structures have been analyzed by EID.  The most effective device for conserving cold 
water should be constructed. If neither Reclamation nor DWR has authority to make 
structural or operational modifications to the EID TCD, they shall work with the owners 
and operators of the TCD to make the desired improvements, including providing 
funding and technical assistance 
 

4) Temperature Management Decision-Support Tools.  The objective of this action is to 
provide effective tools to make transparent temperature management decisions.  
Alternatives include decision impact analyses, regular analysis of a broad array of 
operational scenarios, improved operations group processes, and monitoring.  

 
Rationale:  Maintaining suitable water temperatures for all life history stages of steelhead in 
the American River is a chronic issue because of operational (e.g., Folsom Reservoir 
operations to meet Delta water quality objectives and demands and deliveries to M&I users 
in Sacramento County) and structural (e.g., limited reservoir water storage and coldwater 
pool) factors.  Increased water demand and climate change will lead to further deterioration 
of suitable habitat conditions, including increased temperatures. Action II.2 provides for a 
temperature management plan to minimize operational effects to steelhead using current 
technology.  However, the current technology is out-dated resulting in less than optimal 
ability to access and fully utilize cold water in any given hydrology or ambient temperature 
regime. Alternative technologies have been studied previously, but not funded or 
implemented.  Because of the significant temperature related effects that will persist despite 
implementation of Action II.2, all feasible technological options should be pursued.  These 
technological actions will increase the likelihood that temperate control points will be 
attained, as prescribed in Action II-2, and therefore American River water temperatures will 
be suitable for steelhead more frequently.   
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Action II.4.  Minimize Flow Fluctuation Effects  
 

Objective: Reduce stranding and isolation of juvenile steelhead through ramping protocols.   
 
Action:  The following flow fluctuation objectives shall be followed: 
 
1) From January 1 through May 30, at flow levels <5,000 cfs, flow reductions shall not 

exceed more than 500 cfs/day and not more than 100 cfs per hour.  
 
2) From January 1 through May 30, Reclamation shall coordinate with NMFS, CDFG, and 

USFWS to fund and implement monitoring in order to estimate the incidental take of 
salmonids associated with reductions in Nimbus Dam releases.  

 
3) Minimize the occurrence of flows exceeding 4,000 cfs throughout the year, except as 

may be necessary for flood control or in response to natural high precipitation events. 
 

Rationale:  Flow fluctuations in the lower American River have been documented to result 
in steelhead redd dewatering and isolation (Hannon et al., 2003, Hannon and Deason 2008), 
fry stranding, and fry and juvenile isolation (Water Forum 2005a).  By limiting the rate of 
flow reductions, the risk of stranding and isolating steelhead is reduced.  Two lower 
American River habitat evaluations indicate that releases above 4,000 cfs inundate several 
pools along the river that are isolated at flows below this threshold (CDFG 2001, Hall and 
Healey 2006).  Thus, by maintaining releases below 4,000 cfs the risk of isolating juvenile 
steelhead is reduced.  

 
Action II.5.  Fish Passage at Nimbus and Folsom Dams 
 

Objective:  Provide access for steelhead to historic cold water habitat above Nimbus and 
Folsom dams. 
 
Action:  See Fish Passage Program, Action V. 
 
Rationale:  The effects analysis in this Opinion leads to the conclusion that steelhead will 
continue to be vulnerable to serious effects of elevated temperatures in most years and 
particularly in dry and critically dry years, even if actions are taken to improve temperature 
management.  The frequency of these occurrences is expected to increase with climate 
change and increased water demands.  Therefore, it is essential to evaluate options for 
providing steelhead to access their historic cold water habitat above Nimbus and Folsom 
dams and to provide access if feasible.  

  
Action Suite II.6.  Implement the Following Actions to Reduce Genetic Effects of Nimbus 
and Trinity River Fish Hatchery Operations  
 
Objective of Actions II.6.1-3:  The following actions are identified to offset project effects 
related to Nimbus Fish Hatchery by reducing introgression of out-of-basin hatchery stock with 
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wild steelhead populations in the Central Valley, including the American River population and 
other populations in the Sacramento River system (Garza and Pearse 2008).  In addition, actions 
are necessary at both Nimbus and Trinity River fish hatcheries to increase diversity of fall-run 
production, in order to increase the likelihood of prey availability for Southern Residents and 
reduce adverse effects of hatchery fall-run straying on genetic diversity of natural fall-run and 
spring-run. 
 
Action II.6.1.  Preparation of Hatchery Genetic Management Plan (HGMP) for Steelhead 
 

Action:  Reclamation shall fund CDFG to prepare a complete draft HGMP for steelhead 
production at Nimbus Fish Hatchery, in accordance with current NMFS guidelines, and 
submit that draft for NMFS review by June 2011.  Specific actions shall include:  

 
1) Reclamation shall fund genetic screening at Nimbus Fish Hatchery for steelhead to 

determine most appropriate brood stock source.  This action shall be completed by March 
31, 2012. 

 
2) Reclamation shall fund a study examining the potential to replace the Nimbus Fish 

Hatchery steelhead broodstock, with genetically more appropriate sources.  This action 
shall be completed by March 31, 2012. 

 
Action II.6.2.  Interim Actions Prior to Submittal of Draft HGMP for Steelhead  
 

Action:  Reclamation shall use its authorities to ensure that, prior to completion of the draft 
HGMP, the hatchery is operated according to the following protocols: 

 
1) Release all hatchery-produced steelhead juveniles in the American River at Nimbus Fish 

Hatchery or at a location in the American River as close to Nimbus Fish Hatchery as is 
feasible to reduce straying.  This action shall be implemented within 30 days of issuance 
of this Opinion. 

 
2) Release all unclipped steelhead adults returning to Nimbus Fish Hatchery back into the 

lower American River so they can spawn naturally.  This action shall be implemented 
within 30 days of issuance of this Opinion. 

 
3) Stop inter-basin transfers of steelhead eggs or juveniles to other hatcheries, except upon 

specific written concurrence of NMFS.  This action shall be implemented within 30 days 
of issuance of this Opinion. 

 
Action II.6.3:  Develop and Implement Fall-run Chinook Salmon Hatchery Management 
Plans for Nimbus and Trinity River Fish Hatcheries 
 

Action:  By June 2014, develop and begin implementation of Hatchery Management Plans 
for fall-run production at Nimbus Fish Hatchery and spring-run and fall-run at Trinity River 
Fish Hatchery.  Reclamation shall fund CDFG to develop and submit draft plans for NMFS 
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review by June 2013.  The goal of the plans shall be to reduce impacts of hatchery Chinook 
salmon on natural fall-run and spring-run, and increase the genetic diversity and diversity of 
run-timing for these stocks.   

 
Rationale for actions II.6.1-3:  Hatcheries have been established on CVP and SWP rivers to 
offset effects of dams and project operations.  Since these hatcheries were initially put into 
operation, additional knowledge has been developed that has advanced NMFS understanding of 
how hatchery operations can affect listed and non-listed salmonids.  The operations of Nimbus 
Fish Hatchery and the spring- and fall-run operations of Trinity River Fish Hatchery are inter-
related and interdependent to the proposed action.   
 
Nimbus Fish Hatchery steelhead broodstock is predominantly Eel River stock.  Maintaining this 
genetic broodstock has adverse effects on listed steelhead in the CV steelhead DPS (Garza and 
Pearse 2008).  Based on genetics information presented in Garza and Pearse (2008), O. mykiss 
from the American River above Folsom Dam retain ancestral CV steelhead genetics and 
potentially could provide a broodstock source to replace the current Nimbus Fish Hatchery 
steelhead broodstock.  This would eliminate the spread of Eel River genetics to CV steelhead.    
An HGMP is necessary to minimize effects of ongoing steelhead hatchery program on steelhead 
contained within the DPS.   
 
Southern Residents depend on Chinook salmon as prey.  Preparation of hatchery management 
plans for fall-run at Nimbus Fish Hatchery and spring-run and fall-run at Trinity River Fish 
Hatchery is necessary to reduce operational effects on Southern Residents prey over the long 
term.  Improving the genetic diversity and diversity of run timing of Central Valley fall-run will 
decrease the potential for localized prey depletions and increase the likelihood that fall-run can 
withstand stochastic events, such as poor ocean conditions (Lindley et al., 2009), and thereby 
provide a consistent food source in years with overall poor productivity.  .    
  
 

III.  EAST SIDE DIVISION  
 
Introduction to Stanislaus River/Eastside Division Actions:  The steelhead population on the 
Stanislaus River is precariously small and limited to habitat areas below the dams that 
historically were unsuitable owing to high summer temperatures.  All of the four steelhead 
populations in the Southern Sierra Nevada Diversity Group of the CV steelhead DPS are in 
similar condition and are not presently considered viable.  Using the framework in this Opinion 
for jeopardy analysis, the DPS is not viable if one of the Diversity Groups is not viable.  The 
overall poor status of the Diversity Group increases the importance of minimizing the effects of 
project operations on the Stanislaus River population.  
 
Modeled operations suggest that it is possible to operate dams of the Eastside Division in a 
manner that avoids jeopardy to steelhead; however, if future climate conditions are warmer, 
drier, or both, summertime temperatures will restrict the extent of suitable habitat for steelhead.   
 



 
 620

The fundamental operational criteria are sufficiently ill-defined in the CVP/SWP operations BA 
as to provide limited guidance to the Action Agency on how to operate.  This suite of actions 
provides sufficiently specific operational criteria so that operations will avoid jeopardizing 
steelhead and will not adversely modify their critical habitat.  Operational actions to remove 
adverse modification of critical habitat include a new flow schedule to minimize effects of flood 
control operations on functionality of geomorphic flows and access of juvenile steelhead to 
important rearing areas.    
 
Overall Objectives:  (1) Provide sufficient definition of operational criteria for Eastside 
Division to ensure viability of the steelhead population on the Stanislaus River, including 
freshwater migration routes to and from the Delta; and (2) halt or reverse adverse modification of 
steelhead critical habitat. 
 
Overall Rationale:  Sufficient uncertainty exists as to whether VAMP pulse flows and b(2) 
allocations are reasonably likely to occur in the future.  VAMP, as defined by the SJRA, is due to 
expire in 2011.  The BA commits to subsequent flows similar to VAMP (“Vamp-like flows”), 
but this is a very vague commitment.  The project description does not define the particular 
contribution, timing, duration, or magnitude of these flows from  the tributaries that contribute to 
VAMP, including the Stanislaus River.  In addition, the BA specifies the amount of water 
designated to offset VAMP export curtailments as 48 TAF; but the need, based on past 
performance, has varied from approximately 45 to 150 TAF.  Additional demands for smelt 
protection and future drainage settlement terms are being placed on b(2) water, and it is uncertain 
that b(2) water will be available consistently in each year in the quantity, duration, and timing 
needed for CV steelhead in the Stanislaus River.  The annual water contract allocation process 
from New Melones is inadequately defined in the project description to assure the proposed 
action will not prevent the establishment of a viable population of steelhead.   
 
Action III.1.1.  Establish Stanislaus Operations Group for Real-Time Operational 
Decision-Making as Described in These Actions and Implementation Procedures 
 

Action:  Reclamation shall create a SOG to provide a forum for real-time operational 
flexibility implementation of the alternative actions defined in this RPA and for clarification 
of decision-making processes regarding other allocations of the NMTP.  This group shall 
include Reclamation, NMFS, USFWS, DWR, CDFG, SWRCB, and outside expertise at the 
discretion of NMFS and Reclamation.  This group shall provide direction and oversight to 
ensure that the East Side Division actions are implemented, monitored for effectiveness and 
evaluated.  Reclamation, in coordination with SOG, shall submit an annual summary of the 
status of these actions.  See introduction to RPA for further information on group procedures. 

 
Action III.1.2.  Provide Cold Water Releases to Maintain Suitable Steelhead Temperatures 
 

Action:  Reclamation shall manage the cold water supply within New Melones Reservoir and 
make cold water releases from New Melones Reservoir to provide suitable temperatures for 
CV steelhead rearing, spawning, egg incubation smoltification, and adult migration in the 
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Stanislaus River downstream of Goodwin Dam in order to maintain the following 
temperature compliance schedule: 
 

Criterion and Temperature 
Compliance Location 

Duration Steelhead Life Stage 
Benefit 

Temperature below 56°F at 
Orange Blossom Bridge (OBB) 

Oct 1*-Dec 31 Adult migration 

Temperature below 52 °F at 
Knights Ferry and 57°F at OBB 

Jan 1-May 31 Smoltification 

Temperature Below 55°F at OBB Jan 1-May 31 Spawning and incubation 
Temperature below 65°F at OBB June 1-Sept 30 Juvenile rearing 

*This criterion shall apply as of October 1 or as of initiation date of fall pulse flow as agreed to by NMFS.   
 
Temperature compliance shall be measured based on a seven-day average daily maximum 
temperature. 
 
Exception:  If any of these criteria is or is expected to be exceeded based on a three-day 
average daily maximum temperature, Reclamation shall immediately notify NMFS of this 
condition and shall submit to NMFS a written determination that, after taking all actions 
within its authorities, it is unlikely to meet the above temperature requirement and the extent 
and duration of the expected exceedance.  This determination must be supported by specific 
iterative modeling techniques that vary allocations and delivery schedules.  In the event that 
Reclamation determines that other nondiscretionary requirements (e.g., D-1641 or 
requirements of the USFWS’ Delta smelt biological opinion) conflict with attainment of the 
temperature requirement, Reclamation will convene SOG to obtain recommendations.  If 
consensus cannot be achieved within SOG, then SOG shall advise NMFS, and NMFS will 
make a recommendation to WOMT per standard operating procedures. 

 
Rationale:  CV steelhead are dependent on East Side Division operations to maintain 
suitable in-stream temperatures.  Operational criteria are not clearly described in the 
CVP/SWP Operations BA to ensure that appropriate temperatures are met for CV steelhead 
adult migration, spawning, egg incubation, juvenile rearing, and smoltification.  The 
temperature compliance schedule above provides an operational framework to minimize 
temperature-related effects of proposed operations in the reaches of the river most used by 
CV steelhead on a year-round basis.  Temperature criteria for adult CV steelhead migration 
in the lower Stanislaus River are included, as we expect that fall attraction flows will 
improve downstream temperature conditions for adult migration. 

 
Observations at the fish counting weir on the Stanislaus River indicate that apparent CV 
steelhead enter the river in October, usually coincident with the release of fall attraction 
flows that provide cooler water and flow cues for fall-run.   

 
The literature regarding appropriate criteria for smoltification suggests optimal temperatures 
of less than 52°F (Adams et al., 1975, Myrick and Cech 2001) or 57°F (EPA 2001).  In order 
to provide optimal temperatures for smoltification within a feasible operational scenario, the 
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smoltification temperature criteria are lower for Knights Ferry at 52°F and 57°F for Orange 
Blossom Bridge.   

 
No steelhead spawning surveys have been conducted on the Stanislaus River, but fall-run 
surveys indicate that spawning may occur from Goodwin Dam (RM 59) almost to the City of 
Oakdale (RM 40), with the highest use occurring above Knights Ferry (RM 55).  Based on 
observations of trout fry, most spawning occurs upstream of OBB (Kennedy and Cannon 
2002).  Consequently, specific temperature criteria of 55ºF or less at Riverbank should be 
met from December through May to ensure that temperatures are suitable for all available 
spawning habitat, however, modeled results and CDEC data (figure 6-35) indicates that 
temperatures at Riverbank are likely to exceed this level.  Based on observations of trout fry, 
most spawning occurs upstream of OBB (Kennedy and Cannon 2002).  Suitable spawning 
temperatures are likely to be met at OBB, except in May in critically dry years, and exception 
procedures will be implemented.   

 
Action III.1.3.  Operate the East Side Division Dams to Meet the Minimum Flows, as 
Measured at Goodwin Dam, Characterized in Figure 11-1, and as Specified in  
Appendix 2-E   
 

Objective:  To maintain minimum base flows to optimize CV steelhead habitat for all life 
history stages and to incorporate habitat maintaining geomorphic flows in a flow pattern that 
will provide migratory cues to smolts and facilitate out-migrant smolt movement on 
declining limb of pulse.   
 
 



 
Figure 11-1.  Minimum Stanislaus River in-stream flow schedule for CV steelhead as measured at 
Goodwin Dam 
 
Action:  Reclamation shall operate releases from the East Side Division reservoirs to achieve 
a minimum flow schedule as prescribed in Appendix 2-E and generally described in figure 
11-1 above.  This flow schedule specifies minimum flows and does not preclude Reclamation 
from making higher releases for other operational criteria.  When operating at higher flows 
than specified, Reclamation shall implement ramping rates for flow changes that will avoid 
stranding and other adverse effects on CV steelhead.  In particular, flows that exceed 800 cfs 
will inundate known side channels that provide habitat, but that also pose stranding risks.  
When spring pulses greater than 800 cfs are identified in figure 11-1, the declining limb is 
not reduced below 800 cfs until the late spring flows occur.  
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Implementation procedures:  Reclamation shall convene the SOG to adaptively manage 
flows according to this schedule.  Specifically, upon the recommendations of the team, 
Reclamation may execute shorter duration pulses more frequently (e.g., 2 – 4 times) during 
the longer pulse period.  Implementation of this action should be coordinated with allocation 
of water resources dedicated for fish, such as the 98.3 TAF to CDFG and b(2) or b(3), if 
applied.  The SOG shall follow standard operating procedures resolving any conflict through 
the WOMT process.  The team shall also advise Reclamation on operations needed to 
minimize the adverse effects of flow fluctuations associated with New Melones Reservoir 
and Goodwin Dam operations on CV steelhead spawning, egg incubation, and fry and 
juvenile rearing within the Stanislaus River.  If new information is developed, such as an 
update of Stanislaus River CV steelhead in-stream flow needs, more specific geomorphic 
analyses regarding channel forming flows, or real-time recommendations from the SOG, 
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Reclamation may submit to NMFS a revised annual minimum flow schedule that may be 
implemented if NMFS concurs that it is consistent with ESA obligations.  These revisions 
may trigger re-initiation and re-consultation.  
 
Rationale:  This flow schedule includes the following components: 

 
1) Minimum base flows based on IFIM (Aceituno 1993) to optimize available CV steelhead 

habitat for adult migration, spawning, and juvenile rearing.  These base flows are scaled 
to water year type as defined by the Interim Operations Plan (IOP) water supply 
parameter30, with lowest flows in critically dry years and highest flows in wet years.   

 
2) Fall pulse flow to improve in-stream conditions sufficiently to attract CV steelhead to the 

Stanislaus River.  
 
3) Winter instability flows to simulate natural variability in the winter hydrograph and to 

enhance access to varied rearing habitats.  
 
4) Channel forming and maintenance flows in the 3,000 to 5,000 cfs range in above normal 

and wet years to maintain spawning and rearing habitat quality.  These flows are 
scheduled to occur after March 1 to protect incubating eggs and are intended to work 
synergistically with providing outmigration flow cues and late spring flows, described 
next.  These flows are high intensity, but limited duration to avoid potential seepage 
issues that have been alleged under extended periods of flow greater than 1,500 cfs.  

 
5) Outmigration flow cues to enhance likelihood of anadromy.  

 
6) Late spring flows for conveyance and maintenance of downstream migratory habitat 

quality in the lowest reaches and into the Delta. 
 

An analysis of Stanislaus River rotary screw trap captures of smolted CV steelhead  
conducted by Reclamation in April 2009 (Hannon 2009b) identified that the median date for 
smolt CV steelhead out migration is March 1 (Figure RR- Julian Day 60), ranging from 
January through June.  Juveniles are generally captured in trawls at Mossdale in smolted 
condition in late May (Julian Day 151 and Figure 4-4).  CV steelhead are larger than fall-run 
smolts and may be less dependent on pulse flows to convey them out of the Stanislaus River, 
but the variability of pulses provides migratory cues to smolted CV steelhead.  Capture 
information suggests that it is important to maintain suitable migratory conditions from the 
Stanislaus River to the Delta into the month of June.  This action will allow more smolted 
fish to migrate out of system by extending the declining limb of the outmigration pulse and 
increasing migratory cues. 
 

 
30 The IOP water supply parameter is a function of end of February New Melones Reservoir 
storage and forecasted inflow from March through September. 



 
Figure 11-2. Smolt stage O.mykiss captured in Stanislaus River Rotary Screw Traps  
 
The fall pulse flow was originally instituted to provide attraction flows for fall-run.  
Monitoring of adult salmonids at the Stanislaus River counting weir indicates that the fall 
pulse flow attracts both fall-run and CV steelhead into the Stanislaus River, making 
freshwater riverine habitat available.  These riverine conditions have better temperature and 
water quality than conditions in the Delta during this period.  The purpose of the fall pulse 
flow is to provide flow cues downstream for incoming adults, as well as providing some 
remedial effect on the low dissolved oxygen conditions that develop in the Stockton Deep 
Water Ship Channel.   In addition to steelhead, this action also produces ancillary benefits to 
fall-run EFH. 
 
Modeling conducted in the preparation of this action indicate that the temperature criteria of 
Action III.1.2 can generally be met under this alternative minimum flow schedule and are 
often improved, but that exceedances may occur in certain months (e.g., May and early fall) 
during dry year types.  Based on SALMOD analyses, temperature related mortality may be 
about 2 percent higher in critically dry years, but is reduced by about 1 percent in all other 
year types under the proposed alternative (Figure 11-3). 
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Figure 11-3.  Modeled temperature effects of alternative Stanislaus River flows, draft provided by 
Reclamation on May 5, 2009. 
 
Action Suite III.2.  Stanislaus River CV Steelhead Habitat Restoration 
 
Overall objective:  Dam operations have and will continue to suppress channel-forming flows 
that replenish spawning beds.  The physical presence of the dams impedes normal sediment 
transportation processes.  This action is necessary to partially alleviate adverse modification of 
steelhead critical habitat from operations. 
 
Action III.2.1.  Increase and Improve Quality of Spawning Habitat with Addition of 50,000 
Cubic Yards of Gravel by 2014 and with a Minimum Addition of 8,000 Cubic Yards per 
Year for the Duration of the Project Actions 
 

Action:  Reclamation shall minimize effects of their operations through improving spawning 
habitat with addition of 50,000 tons of gravel by 2014.  Reclamation shall submit a plan, 
including monitoring, and schedule to NMFS for gravel augmentation by June 2010.  
Reclamation shall begin gravel augmentations no later than summer 2011.  Reclamation shall 
submit to NMFS a report on implementation and effectiveness of action by 2015.  Spawning 
gravel replenishment sites shall be monitored for geomorphic processes, material movement, 
and salmonid spawning use for a minimum of three years following each addition of 
sediment at any given site. 
 
Rationale:  Kondolf (et al.,) 2001 identified levels of sediment depletion at 20,000 cubic 
yards per year owing to a variety of factors including mining and geomorphic processes 
associated with dam operations, past and ongoing.  Kondolf (et al.,) 2001 and other reports 
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cited in that work, identify a loss of over 60 percent of spawning area for salmonids since 
1966.  This level of replenishment will restore adversely affected spawning habitat to relieve 
adverse habitat conditions and provide sediment to partially offset ongoing loss rates.  
Sediment addition may also be conducted in a manner to remediate sediment related loss of 
geomorphic function, such as channel incision, to and allow for inundation of floodplain 
rearing habitat. 
 

Action III.2.2.  Conduct Floodplain Restoration and Inundation Flows in Winter or Spring 
to Inundate Steelhead Juvenile Rearing Habitat on One- to Three-Year Schedule. 
 

Action:  Reclamation shall seek advice from SOG to develop an operational strategy to 
achieve floodplain inundation flows that inundate CV steelhead juvenile rearing habitat on a 
one- to three-year return schedule.  Reclamation shall submit a proposed plan of operations 
to achieve this flow regime by June 2011.  This plan shall include the minimum flow 
schedule identified in Action III.1.2, or shall provide justification for any proposed 
modification of the minimum flow schedule.  NMFS will review and, if satisfactory, approve 
the operational strategy.  Reclamation will implement strategy starting in 2012. 
 
Rationale:  Kondolf et al., (2001) identified that floodplain terraces and point bars inundated 
before operation of New Melones Dan have become fossilized with fine material and thick 
riparian vegetation that is never rejuvenated by scouring.  Channel forming flows in the  
8,000 cfs range have occurred only twice since New Melones Dam began operation 28 years 
ago.  Lack of channel forming flows and lack of sediment input blocked by the dams has 
resulted in channel incision of one to three feet over 13 years.  Floodplain juvenile rearing 
habitat and connectivity will continue to be degraded by New Melones operations, as 
proposed. 

 
Action III.2.3.  Restore Freshwater Migratory Habitat for Juvenile Steelhead by Implementing 
Projects to Increase Floodplain Connectivity and to Reduce Predation Risk During Migration 

 
Objective:  This action is necessary to compensate for continued operational effects on 
rearing and freshwater migratory habitat due to flood control operations.  The goal of this 
action is to improve habitat quality of freshwater migratory habitat for juvenile steelhead.  
 
Action:  By June 2010, in cooperation with the SOG, Reclamation shall develop a list of 
projects to improve the habitat values of freshwater migratory habitat in the Stanislaus River, 
and associated monitoring, for implementation and submit the list to NMFS for review.  
Reclamation shall begin implementation of NMFS-approved projects by June 2011.  
Reclamation shall submit a report of project implementation and effectiveness by June 2016. 
 
These projects may include actions that reduce exposure to predation directly, or projects that 
may offset predation effects by improving rearing habitat values to allow juveniles to grow 
larger before outmigration.  These projects may include both flow- and non-flow-related 
actions.  Flow-related actions shall be coordinated with operational flows as defined in 
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Action III.2.2 and Action III.1.2.  These projects may also include, but shall not be limited to, 
evaluations to identify locations or sources of higher juvenile mortality in order to identify 
and implement projects with the highest likelihood to prevent CV steelhead mortality. 
 
Rationale:  Predation studies on the Tuolumne River have shown losses of up to 60 percent 
of outmigrating salmon smolts in run-of-river gravel mining ponds and dredged areas.  
Losses on the Stanislaus River have not been similarly quantified, but predation on fall run 
smolts and O. mykiss by striped bass and large mouth bass have been documented.  These 
run-of-river ponds also reduce flow velocities as compared to incoming river channels, 
requiring outmigrating salmonids to expend more energy to traverse these sections.  
Operational releases provide flows lower than typical unimpaired flows, which exacerbates 
the effect of this stressor on outmigrating juveniles and degrades the habitat value of 
necessary freshwater migratory corridors.  Additional flows or flow pulses could alleviate 
this added energy demand and improve survival through these problem areas.  Channel 
modifications in these problem areas can improve migration success.  Improvements in 
floodplain habitat quality can improve juvenile growth and larger juveniles are more likely to 
avoid predation mortality.   

 
Action III.2.4.  Evaluate Fish Passage at New Melones, Tulloch, and Goodwin Dams 
 

Objective:  Evaluate access for steelhead to historic cold water habitat above New Melones, 
Tulloch, and Goodwin dams. 
 
Action:  See Fish Passage Program, Action V. 
 
Rationale:  The effects analysis in this Opinion leads to the conclusion that steelhead will 
continue to be vulnerable to serious effects of elevated temperatures in dry and critically dry 
years, even if actions are taken to improve temperature management.  The frequency of these 
occurrences is expected to increase with climate change and increased water demands.  
Therefore, it is essential to evaluate options for providing steelhead to access their historic 
cold water habitat above New Melones, Tulloch, and Goodwin dams and to provide access if 
feasible.. 

 
 

IV.      DELTA DIVISION 
 
Introduction:  An important life history phase for all anadromous fish is their movement 
through an estuary as adults moving upstream to spawning grounds, and as juveniles moving 
downstream to the ocean.  For some fish, the estuary also serves as a staging area and, for some 
juveniles, a rearing area prior to their entering the ocean.  Within the Central Valley, all 
anadromous fish, including listed winter-run, spring-run, CV steelhead, and Southern DPS of 
green sturgeon, depend on the Sacramento-San Joaquin Delta environment during these life 
phases.  This dependence was an important factor in designation of critical habitat in the Delta 
for these species.  A properly functioning Delta is critical to migration pathways and rearing 
habitat, both of which are primary constituent elements of critical habitat for these fish.   
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Currently, the fish are exposed to a multitude of stressors in the Delta during passage and 
rearing.  The Delta has been severely degraded over the past 150 years, primarily due to 
anthropogenic actions within its boundaries and in its surrounding watersheds.  Nearly 90 
percent of its fringing marshes have been lost and replaced with raised levees armored with rock 
riprap.  The channelization of the Delta waterways through the construction of raised levees for 
flood control has isolated the Delta from its surrounding floodplains.  These seasonally inundated 
floodplains served as important rearing habitats for many of the native fish species occurring in 
the Delta, including salmonids, and juvenile green sturgeon. 
 
The structure of the Delta, particularly in the central and southern Delta, has been significantly 
altered by construction of manmade channels and dredging, for shipping traffic and water 
conveyance.  Intentional and unintentional introductions of non-native plant and animal species 
have greatly altered the Delta ecosystem.  Large predatory fish such as striped bass and 
largemouth bass have increased the vulnerability of emigrating juveniles and smolts to predation, 
while infestations of aquatic weeds such as Egeria densa have diminished the useable near-
shore, shallow water habitat needed by emigrating salmonids for rearing. 
 
The use of Delta islands for intensive agriculture has increased demand for irrigation water from 
the Delta, as well as increased the discharge of agricultural runoff into Delta waterways 
surrounding these farmed islands.  These discharges carry chemicals such as fertilizers, 
pesticides, herbicides, and excessive nutrients, leading to degradation of water quality parameters 
such as DO content and suspended sediment, and increasing exposure to toxic compounds.  
Likewise, increasing urbanization in the areas surrounding the Delta increases the load of 
contaminants associated with stormwater runoff, discharges from wastewater sanitation plants, 
and industrial activities.  Overall, conditions in the Delta make emigrating anadromous fish 
highly vulnerable to any added stressors and substantially reduce their chances for survival. 
 
The proposed actions for the CVP and SWP include continued diversion of water from the Delta 
at the project’s export facilities, with increased export levels.  These actions will increase the 
level of stressors in the Delta beyond those previously described and exacerbate many of those 
already present.  NMFS has identified several factors associated with operation of the CVP and 
SWP that affect the long-term viability and resiliency of winter-run, spring-run, CV steelhead, 
and the Southern DPS of green sturgeon in the Central Valley.  In addition to these specific 
factors, the operations of the CVP and SWP alter Delta hydrodynamics and interact with other 
stressors to enhance the vulnerability of listed fish to morbidity and mortality during their time in 
the Delta. 
 
The adverse effects of the proposed action identified in this Opinion include:  
 

1) Diversion from the North Delta into the Delta interior of early emigrating winter-run 
juveniles, yearling spring-run, and CV steelhead, through the operation of the DCC gates 
in late fall and early winter. 
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2) Enhanced vulnerability of juvenile salmonids to entrainment and indirect mortality, 
through alteration of the hydrodynamics of the interior and south Delta waterways, due to 
the influence of export pumping actions in winter and spring. 

 
3) Enhanced vulnerability of CV steelhead from the San Joaquin River basin to exports and 

export-related changes in hydrodynamics. 
 

4) Direct mortality from entrainment of juvenile salmonids and green sturgeon at the CVP 
and SWP export facilities. 

 
The actions prescribed below will minimize or avoid the proposed action’s adverse effects on 
hydraulic patterns in the Delta that affect listed salmonids and green sturgeon.  They will modify 
the interactions that listed fish have with other stressors in the Delta and thereby avoid 
appreciably reducing the likelihood of survival and recovery of listed fish. 
 
The current metric for monitoring direct take and mortality of listed fish by the CVP and SWP 
actions is the level of salvage and calculated loss at fish collection facilities.  This metric is a 
reflection of export levels and the diversion of large volumes of water through the facilities.  
Counting fish at the salvage facilities alone, however, does not account for fish that have been 
lost prior to the point of collection, and thus is an inaccurate measure of adverse export 
influence.  It does not account for fish that have been drawn into the waters of the central Delta 
through the DCC gates or Georgiana Slough and lost to predation, toxics, or other factors before 
reaching the south Delta, nor does it account for fish that make it to the south Delta, where they 
are further influenced by the reverse flows moving toward the pumps and are delayed in their 
migration; which increases their vulnerability to predation, toxics, or other forms of loss, such as 
stranding in agricultural diversions.   
 
Overall Objectives:  The juveniles of all four listed species migrating downstream in the 
Sacramento River have a much greater chance of survival when they migrate directly to the 
estuary within the Sacramento River than when they are diverted by water operations into the 
southern or central Delta, where they are exposed to increased risks of predation, exposure to 
toxic pollutants, and entrainment into water diversions.  The Delta Division measures will reduce 
the likelihood of diversion of emigrating juveniles into the southern or central Delta, and will 
reduce mortality of emigrating juveniles that have been entrained at the fish collection facilities 
and entered the salvage process. 
 
There are six actions to be taken in the Delta: 
 

• Action IV.1:  Modify DCC gate operations and evaluate methods to control access to 
Georgiana Slough and the Interior Delta to reduce diversion of listed fish from the 
Sacramento River into the southern or central Delta.  

• Action IV.2:  Control the net negative flows toward the export pumps in Old and Middle 
rivers to reduce the likelihood that fish will be diverted from the San Joaquin or 
Sacramento River into the southern or central Delta. 
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• Action IV.3:  Curtail exports when protected fish are observed near the export facilities to 
reduce mortality from entrainment and salvage.  

• Action IV.4:  Improve fish screening and salvage operations to reduce mortality from 
entrainment and salvage. 

• Action IV.5:  Establish a technical group to assist in determining real-time operational 
measures, evaluating the effectiveness of the actions, and modifying them if necessary. 

• Action IV.6:  Do not implement the South Delta Barriers Improvement Program. 
 
A summary of Actions IV.1 and IV.2 and their timeframes is provided below in Figure 11-4. 
 
Action Suite IV.1  Delta Cross Channel (DCC) Gate Operation, and Engineering Studies of 
Methods to Reduce Loss of Salmonids in Georgiana Slough and Interior Delta 
 

Objective:  Reduce the proportion of emigrating listed salmonids and green sturgeon that 
enter the interior delta through either the open DCC gates or Georgiana Slough. 

 
Rationale:  Salmon migration studies show losses of approximately 65 percent of groups of 
outmigrating fish that are diverted from the mainstem Sacramento River into the waterways 
of the central and southern Delta (Brandes and McLain 2001; Vogel 2004, 2008; Perry and 
Skalski 2008).  Diversion into the internal Delta also increases the likelihood of entrainment 
and mortality associated with the pumping facilities.  These effects are inferred from both 
particle tracking models, which derive the fate of particles over time, and direct study of 
acoustically tagged and CWT salmonids (Vogel 2004, SJRGA 2007).  

 
On average, up to 25 percent of Sacramento River flows are diverted into the channels of the 
DCC when the gates are open, with a maximum of 35 to 40 percent.  Approximately 20 percent, 
on average, of the Sacramento River flow is diverted into Georgiana Slough.  During November 
and December, approximately 25 percent of the Sacramento River flow is diverted into the 
interior Delta through these two channels.  Recent studies by Perry and Skalski (2008) indicate 
that by closing the DCC gates when fish are present, total through-Delta survival of marked fish 
to Chipps Island increases by nearly 50 percent for fish moving downstream in the Sacramento 
River system.  Closing the DCC gates appears to redirect the migratory path of emigrating fish 
into Sutter and Steamboat Sloughs and away from Georgiana Slough, resulting in higher survival 
rates.  Similar benefits have been described in previous studies (Newman 2008, Brandes and 
McLain 2001) with CWT fish. 
 
Based on data from monitoring studies in the lower Sacramento River, approximately 45 percent 
of the annual winter-run emigration from the Sacramento River enters the Delta between 
November and January.  During the same period, about eight percent of the annual CV steelhead 
emigration from the Sacramento River Basin occurs.  Yearling spring-run pass into the Delta in 
January, but these fish account for only three percent of the total annual population of spring-run 
emigrants entering the Delta. 
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Action IV. 1.2 - Operation of DCC to 
enhance protection of emigrating 

salmonids/green sturgeon 

Action IV. 2.1  - Maintain San Joaquin 
River Inflow/Export ratio 

Action IV. 2.2 - Acoustic Tag 
Experiment 

Action IV. 2.3 - Reduced exports to 
limit negative flows in OMR depending 

on presence of salmonids 

  

  
2009 - 2011 

Interim 
Operations 

2012 +           
Long term 
Operations 

    

Oct. 

        

Nov. 

Oct. 1 - Nov. 30 - Gates closed if fish 
are present 

        
Dec. 1 - 14 - Gates closed except for 

experiments/water quality 
Dec. 

        

Jan. 
Dec. 15 - Jan. 31 Gates Closed 

      

Feb. 

      

Mar. 

    

Apr. 

Feb. 1 - May 15 - Gates Closed per 
D1641 

May 

April 1 - May 31 - 
Maintain Vernalis 
Inflow/Export ratio 
dependingon IOP 

water supply 
parameters 

April 1 - May 31 
- Maintain 
Vernalis 

Inflow/Export 
Ratios 

depending on 
water year type 

May 15 - June 15 - up to 14 days 
closed per D-1641 

March 1 - June 15 

Jan 1 - June 15 - OMR (-5000 to -
2500 cfs) until after June 1 water 

temperature at Mossdale ≥72° F for 7 
days 

Jun. 

          
Figure 11-4.  A summary of Actions IV.1 and IV.2 and their timeframes. 
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Percent of Juvenile Chinook salmon and steelhead production entering the Delta from the Sacramento River 
by month. 

Month Sacramento 
River Total1,2 Fall-Run3 Spring-Run3 Winter-Run3 Sacramento 

Steelhead4 

January 12 14 3 17 5 
February 9 13 0 19 32 
March 26 23 53 37 60 
April 9 6 43 1 0 
May 12 26 1 0 0 
June 0 0 0 0 0 
July 0 0 0 0 0 
August 4 1 0 0 0 
September 4 0 0 0 1 
October 6 9 0 0 0 
November 9 8 0 03 1 
December 11 0 0 24 1 
Total 100 100 100 100 100 

Notes: 
1Mid Water trawl data 
2All runs combined 
3Runs from Sacramento River basin only 
4Rotary screw trap data from Knights Landing 
Source: SDIP Draft EIR/EIS 2005 Tables J-23 and J-24, Appendix J. 

 
Actions taken during the early emigration period (November through January) to reduce 
diversion of listed salmonids can affect a significant proportion of the populations of listed 
fish.  As discussed earlier in the effects section, these early migrants represent life history 
strategies that spread the risk of mortality over a greater temporal span, increasing diversity 
and resiliency of the populations. 

 
Action IV.1.1  Monitoring and Alerts to Trigger Changes in DCC Operations  
 

Objective:  To provide timely information for DCC gate operation that will reduce loss of 
emigrating winter-run, spring-run, CV steelhead, and green sturgeon.  
 
Action:  Monitoring of Chinook salmon migration in the Sacramento River Basin and the 
Delta currently occurs at the RBDD, in spring-run tributaries to the Sacramento River, on the 
Sacramento River at Knights Landing and Sacramento, and sites within the Delta.  
Reclamation and DWR shall continue to fund these ongoing monitoring programs, as well as 
the monitoring of salvage and loss of Chinook salmon juveniles at the Delta fish collection 
facilities operated by the CVP and SWP.  Funding shall continue for the duration of the 
proposed action (2030).  Reclamation and DWR may use their own fishery biologists to 
conduct these monitoring programs, or they may provide funds to other agencies to do the 
required monitoring.  
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Monitoring protocols shall follow established procedures utilized by the USFWS, CDFG, 
Reclamation, and DWR.  Information collected from the monitoring programs will be used to 
make real-time decisions regarding DCC gate operation and export pumping. 
 
The DOSS group (Action IV.5) and WOMT will use information from monitoring to make 
decisions regarding DCC closures consistent with procedures below.   
 
The DCC gate operations in the fall are initiated through a series of alerts.  These alerts are 
signals that gate operations may need to be altered in the near future to avoid diversion of 
juvenile Chinook salmon migrating down the Sacramento River.   
 
There are two initial alerts to warn of salmon presence in the system: 
 
First Alert:  There are two components to the first alert.  Either condition, when met or 
identified, can trigger the alert.  Capture of yearling-sized (> 70 mm) spring-run at the 
mouths of natal tributaries between October and April indicates that emigration from the 
tributaries has started or is occurring.  As an environmental surrogate to the capture of the 
yearling-sized spring-run, which are difficult to capture in the rotary screw traps at the 
mouths of the natal tributary creeks, tributary flow increases are used to signal conditions 
conducive to emigration.  Starting in October, an increase in tributary flow of more than 50 
percent over levels immediately preceding the flow spike is used to indicate the appropriate 
cues for the initiation of salmon emigration31. 
 
Second Alert:  The second alert is based on two physical hydrologic criteria. When both 
criteria are met the second alert is triggered.  The monitoring station used for these 
environmental measurements is Wilkins Slough, located near Knights Landing 
approximately 35 miles upstream of the Delta.  When flows are greater than 7,500 cfs as 
measured at Wilkins Slough, and water temperatures are less than 13.5oC (56.3oF) as 
measured at Knights Landing, the second alert is triggered.  Recoveries of emigrating 
Chinook salmon at the Knights Landing monitoring location have been associated with these 
two hydrologic conditions.  
 
Rationale:  Monitoring programs are necessary to track the movement of salmon within the 
Central Valley watersheds so that timely changes can be made when project actions are in 
conflict with the needs of listed fish.  Evidence of initiation of juvenile Chinook salmon 
migration in the upper tributaries, or environmental conditions that would trigger such 
migration, is the basis for the alerts.  The alerts are important to effective gate operation 
because the collection and dissemination of field data to the resource agencies, and 
coordination of responsive actions, may take several days to occur.  The first two alerts warn 
NMFS and Reclamation that changes in DCC gate operations are likely to be necessary 
within a short time period.  

 
31 The first significant flow in October is associated with the beginning of spring-run yearling emigration from natal 
tributaries - an indication that those fish are on their seaward migration and will soon be entering the Delta where 
they are susceptible to mortality factors associated with the Delta Cross Channel (DCC) and SWP/CVP export 
operations.  This first tributary flow event, or “First Alert”, is the early warning criteria for closing the DCC. 
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Action IV.1.2  DCC Gate Operation  
 

Objective:  Modify DCC gate operation to reduce direct and indirect mortality of emigrating 
juvenile salmonids and green sturgeon in November, December, and January. 
 
Action:  During the period between November 1 and June 15, DCC gate operations will be 
modified from the proposed action to reduce loss of emigrating salmonids and green 
sturgeon.  The operating criteria provide for longer periods of gate closures during the 
emigration season to reduce direct and indirect mortality of yearling spring-run, winter-run, 
and CV steelhead.  From December 1 to January 31, the gates will remain closed, except as 
operations are allowed using the implementation procedures/modified Salmon Decision Tree 
(below).   
 
Implementation procedures:  Monitoring data related to triggers in the decision tree will be 
reported on DAT calls and evaluated by DOSS (for formation of DOSS – see Action KK).  
Reclamation/DWR shall take actions within 24 hours of a triggered condition occurring.  If 
the decision tree requires an evaluation of data or provides options, then DOSS shall convene 
within one day of the trigger being met.  DOSS shall provide advice to NMFS, and the action 
shall be vetted through WOMT standard operating procedures. 
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October 1-November 30: 
 

Date VI. Action Triggers Action Responses 

Water quality criteria per D-1641 are 
met and either the Knights Landing 
Catch Index (KLCI) or the 
Sacramento Catch Index (SCI) are 
greater than 3 fish per day but less 
than or equal to 5 fish per day.   

Within 24 hours of trigger, 
DCC gates are closed.  Gates 
will remain closed for 3 days. 

Water quality criteria per D-1641 are 
met and either the KLCI or SCI is 
greater than 5 fish per day 

Within 24 hours, close the DCC 
gates and keep closed until the 
catch index is less than 3 fish 
per day at both the Knights 
Landing and Sacramento 
monitoring sites. 

October 1-
November 30 

The KLCI or SCI triggers are met but 
water quality criteria are not met per 
D-1641 criteria. 

DOSS reviews monitoring data 
and makes recommendation to 
NMFS and WOMT per 
procedures in Action IV.5. 

 
Rationale:  Depending on the catch magnitude, there are several options for closing the DCC 
gates, ranging from not closing them and monitoring catch at Knights Landing and the 
Sacramento monitoring sites, to closing the DCC gates until the catch index decreases to 
fewer than three fish per day at the Knights Landing and Sacramento monitoring sites.  Fish 
and water quality needs (i.e., salinity levels) are frequently mutually exclusive, with respect 
to the DCC position, from November through January.  
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December 1-14:  
 
Date Action Triggers Action Responses 

Water quality criteria are met per D-
1641. 

DCC gates are closed.   
If Chinook salmon migration 
experiments are conducted 
during this time period (e.g., 
Delta Action 8 or similar 
studies), the DCC gates may be 
opened according to the 
experimental design, with 
NMFS’ prior approval of the 
study. 

Water quality criteria are not met but 
both the KLCI and SCI are less than 3 
fish per day. 

DCC gates may be opened until 
the water quality criteria are 
met.  Once water quality criteria 
are met, the DCC gates will be 
closed within 24 hours of 
compliance. 

 
 
 
 
 
December 1 - 
December 14 
 
 
 
 
 
 
 
 
 

Water quality criteria are not met but 
either of the KLCI or SCI is greater 
than 3 fish per day. 

DOSS reviews monitoring data 
and makes recommendation to 
NMFS and WOMT per 
procedures in Action IV.5  

 
Rationale:  The Spring-run Protection Plan (1998 op. cit. CVP/SWP operations BA 
Appendix B) provides that Reclamation will close the DCC gates on December 1 for the 
protection of spring-run yearlings unless there is a water quality issue.  The DOSS can 
recommend opening the DCC gates for water quality purposes during this period.  In 
addition, CDFG analysis indicates that there is a significant relationship between DCC gate 
operations and subsequent loss of winter-run at the Delta Fish Facilities.  Closing the DCC 
gates between December 15 and January 15 reduces the total loss of winter-run at the Delta 
Fish Facilities. The report is posted at:  
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_11140
6.pdf. 
 
The USFWS conducts a juvenile Chinook salmon Delta survival experiment each year in 
December and January.  This is usually conducted in the first two weeks of December and 
may include experimental openings of the DCC gates. 
http://www.delta.dfg.ca.gov/jfmp/PatFiles/Delta_Action_8_Workshop.doc.  These studies 
may be implemented if NMFS concurs that the study plan has been adapted to sufficiently 
reduce loss of salmonids.. 
 

http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.delta.dfg.ca.gov/jfmp/PatFiles/Delta_Action_8_Workshop.doc
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December 15 – January 31: 
 
Date Action Triggers Action Responses 

December 15-January 31 DCC Gates Closed. 

NMFS-approved experiments are 
being conducted. 

Agency sponsoring the 
experiment may request gate 
opening for up to five days; 
NMFS will determine whether 
opening is consistent with ESA 
obligations. 

December 15 
– January 31 

One-time event between 
December 15 to January 5, when 
necessary to maintain Delta water 
quality in response to the 
astronomical high tide, coupled 
with low inflow conditions. 
 

Upon concurrence of NMFS, 
DCC Gates may be opened one 
hour after sunrise to one hour 
before sunset, for up to 3 days, 
then return to full closure.  
 
Reclamation and DWR will also 
reduce Delta exports down to a 
health and safety level during the 
period of this action. 

 
Rationale:  CDFG analysis indicates that there is a significant relationship between DCC 
gate operations and subsequent loss of winter-run at the Delta Fish Facilities.  Closing the 
DCC gates between December 15 and January 15 reduces the total loss of winter-run at the 
Delta Fish Facilities.  The report is posted at: 
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_11140
6.pdf  
 
If the KLCI or SCI is less than three, and the water temperature and flow criteria are 
indicative of low risk to listed salmonids, then experiments on fall- and late-fall-run may be 
permissible; however, in a low production year, trap efficiencies and detection rates may 
result in under-representation of the number of fish passing these locations.  Under such 
conditions the DOSS group shall act conservatively in this decision process even when no 
fish have been detected at Knights Landing or Sacramento rotary screw traps.  If conditions 
change, indicating that risks to listed salmonids are elevated, experiments will be suspended 
and the DCC gates closed if NMFS determines that closure is necessary to reduce the risk to 
emigrating salmonids.  

http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
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February 1 – June 15: 
 
Date Action Trigger Action Response 
February 1 – May 15 D-1641 mandatory gate closure.9 Gates closed, per WQCP 

criteria 
 
 
Date Action Trigger Action Response 
May 16 – June 15 D-1641 gate operations 

criteria 
DCC gates may be closed for up 
to 14 days during this period, per 
2006 WQCP, if NMFS determines 
it is necessary. 

 
 
Overall Rationale for Action IV.1.2:  Emigrating salmonids are vulnerable to diversion into 
the DCC when the gates are open.  Fish traveling downstream in the Sacramento River move 
past the mouth of the DCC on the outside bend of the river.  A series of studies conducted by 
Reclamation and USGS (Horn and Blake 2004) used acoustic tracking of released juvenile 
Chinook salmon to follow their movements in the vicinity of the DCC under different flows 
and tidal conditions.  The study results indicate that the behavior of the Chinook salmon 
juveniles increased their exposure to entrainment through both the DCC and Georgiana 
Slough.  Horizontal positioning along the east bank of the river during both the flood and ebb 
tidal conditions enhanced the probability of entrainment into the two channels.  Upstream 
movement of fish with the flood tide demonstrated that fish could pass the channel mouths 
on an ebb tide and still be entrained on the subsequent flood tide cycle.  In addition, diel 
movement of fish vertically in the water column exposed more fish at night to entrainment 
into the DCC than during the day, due to their higher position in the water column and the 
depth of the lip to the DCC channel mouth (-2.4 meters).  Additional studies have shown that 
the mortality rate of the fish diverted into the DCC and subsequently into the Mokelumne 
river system is quite high (Perry and Skalski 2008; Vogel 2004, 2008).  Closure of the DCC 
gates during periods of salmon emigration eliminates the potential for entrainment into the 
DCC and the Mokelumne River system with its high loss rates.  In addition, closure of the 
gates appears to redirect the migratory paths of emigrating fish into channels with relatively 
less mortality (e.g., Sutter and Steamboat Sloughs), due to a redistribution of river flows 
among the channels.  The overall effect is an increase in the apparent survival rate of these 
salmon populations as they move through the Delta.   
 
The closure of the DCC gates will increase the survival of salmonid emigrants through the 
Delta, and the early closures reduce loss of fish with unique and valuable life history 
strategies in the spring-run and CV steelhead populations.  Spring-run emigrating through the 
Delta during November and December are yearling fish.  These fish are larger and have a 
higher rate of success in surviving their entrance into the ocean environment.  In addition, 
variation in the timing of ocean entry distributes the risk of survival over a broader temporal 
period.  This alternative life history strategy reduces the probability that poor ocean 
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conditions in spring and summer will affect the entire population of spring-run.  Since 
yearling fish enter the marine environment in late fall and winter, they avoid the conditions 
that young-of-the-year fish encounter in spring and summer, thus increasing the likelihood 
that at least a portion of the population will benefit from suitable ocean conditions during 
their recruitment to the ocean phase of their life cycle.  For the same reasons, CV steelhead 
benefit from having their ocean entry spread out over several months.  

 
Action IV.1.3  Consider Engineering Solutions to Further Reduce Diversion of Emigrating 
Juvenile Salmonids to the Interior and Southern Delta, and Reduce Exposure to CVP and 
SWP Export Facilities  
 

Objectives:  Prevent emigrating salmonids from entering the Georgiana Slough channel from 
the Sacramento River during their downstream migration through the Delta.  Prevent 
emigrating salmonids from entering channels in the south Delta (e.g., Old River, Turner Cut) 
that increase entrainment risk to CV steelhead migrating from the San Joaquin River through 
the Delta.     
 
Action:  Reclamation and/or DWR shall convene a working group to consider engineering 
solutions to further reduce diversion of emigrating juvenile salmonids to the interior Delta 
and consequent exposure to CVP and SWP export facilities.  The working group, comprised 
of representatives from Reclamation, DWR, NMFS, USFWS, and CDFG, shall develop and 
evaluate proposed designs for their effectiveness. in reducing adverse impacts on listed fish 
and their critical habitat.  Reclamation or DWR shall subject any proposed engineering 
solutions to external independent peer review and report the initial findings to NMFS by 
March 30, 2012.  Reclamation or DWR shall provide a final report on recommended 
approaches by March 30, 2015.  If NMFS approves an approach in the report, Reclamation or 
DWR shall implement it.  To avoid duplication of efforts or conflicting solutions, this action 
should be coordinated with USFWS’ Delta smelt biological opinion and BDCP’s 
consideration of conveyance alternatives.. 
 
Rationale:  One of the recommendations from the CALFED Science Panel peer review was 
to study engineering solutions to “separate water from fish.”  This action is intended to 
address that recommendation.  Years of studies have shown that the loss of migrating 
salmonids within Georgiana Slough and the Delta interior is approximately twice that of fish 
remaining in the Sacramento River main stem (Kjelson and Brandes 1989; Brandes and 
McLain 2001; Vogel 2004, 2008; and Newman 2008).  Based on the estimated survival rate 
of 35 percent in Georgiana Slough (Perry and Skalski 2008), the fraction of emigrating 
salmonids that would be lost to the population is 6 to 15 percent of the number entering the 
Delta from the Sacramento River basin.  Keeping emigrating fish in the Sacramento River 
would increase their survival rate.  This action is also intended to allow for engineering 
experiments and possible solutions to be explored on the San Joaquin river/Southern Delta 
corridor to benefit out-migrating steelhead.  For example, non-physical barrier (i.e., “bubble 
curtain”) technology can be further vetted through this action. 
 

Action Suite IV.2  Delta Flow Management 



 
Objective:  Maintain adequate flows in both the Sacramento River and San Joaquin River basins 
to increase survival of steelhead emigrating to the estuary from the San Joaquin River, and of 
winter-run, spring-run, CV steelhead, and green sturgeon emigrating from the Sacramento River 
through the Delta to Chipps Island. 

 
Rationale for the Suite of Actions:  Numerous studies have found positive associations between 
increased river flows and increased survival of salmon smolts through the Delta and the adult 
escapement of that cohort several years later when they return to spawn.  Increased flows and 
greater smolt survival have been positively associated in other river systems as well  Increased 
flows reduce the travel time of smolts moving through the river and Delta system, thus reducing 
the duration of their exposure to adverse effects from predators, water diversions, and exposure 
to contaminants.  
 
Action IV.2.1  San Joaquin River Inflow to Export Ratio 

 
Objectives:  To reduce the vulnerability of emigrating CV steelhead within the lower San 
Joaquin River to entrainment into the channels of the South Delta and at the pumps due to the 
diversion of water by the export facilities in the South Delta, by increasing the inflow to 
export ratio.  To enhance the likelihood of salmonids successfully exiting the Delta at Chipps 
Island by creating more suitable hydraulic conditions in the main stem of the San Joaquin 
River for emigrating fish, including greater net downstream flows. 
 
Action:  The following timeline indicates the annual schedule for implementing related San 
Joaquin actions that will occur concurrent with this action. 

 

 
 

Phase I:  Interim Operations in 2010-2011.   
 

From April 1 through May 31: 
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1. Flows at Vernalis (7-day running average shall not be less than 7 percent of the target 
requirement) shall be based on the New Melones Index32.  In addition to the Goodwin 
flow schedule for the Stanislaus River prescribed in Action III.1.3 and Appendix 2-E, 
Reclamation shall increase its releases at Goodwin Reservoir, if necessary, in order to 
meet the flows required at Vernalis, as provided in the following table.  NMFS 
expects that tributary contributions of water from the Tuolumne and Merced rivers, 
through the SJRA, will continue through 2011 and that the installation of a fish 
barrier at the Head of Old River will continue to occur during this period as 
permitted.   

 
 

New Melones Index  
(TAF) 

Minimum flow required at Vernalis (cfs) 

0-999 No new requirements 
1000-1399 D1641 requirements or 1500, whichever is greater 
1400-1999 D1641 requirements or 3000, whichever is greater 
2000-2499 4500 

2500 or greater 6000 
 
 

2. Combined CVP and SWP exports shall be restricted through the following: 
 

Flows at Vernalis (cfs) Combined CVP and SWP Export 
0-6,000 1,500 cfs 

6,000-21,75033 4:1 (Vernalis flow:export ratio) 
21,750 or greater Unrestricted until flood recedes below 

21,750 
 
 

In addition: 
 

1)  Reclamation/DWR shall seek supplemental agreement with the SJRGA as soon as 
possible to achieve minimum long term flows at Vernalis (see following table) through 
all existing authorities. 

 
San Joaquin River Index (60-20-20) Minimum long-term flow at Vernalis 

(cfs) 
Critically dry 1,500 

                                                 
32 The New Melones Index is a summation of end of February New Melones Reservoir storage and forecasted 

inflow using 50% exceedance from March through September. 
33 Flood warning stage at Vernalis is 24.5 feet, flow is 21,750 cfs at this point.  Flood stage is 29 feet with a 

corresponding flow of 34,500 cfs.  Data from CDEC looking at April 8-9, 2006 period.  As such, recognizing that 
the flows associated with these stages do vary, the trigger allowing unrestricted exports will be a Vernalis stage of 
24.5 feet. 
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Dry 3,000 
Below normal 4,500 
Above normal 6,000 

Wet 6,000 
 

Rationale:   
 
1) Flows at Vernalis:  Reclamation has limited discretion to require additional flows from 

the Tuolumne and Merced rivers that are necessary in the long run to meet the needs of 
outmigrating juvenile steelhead.  Modeling for our analysis of the East Side Division 
show that relying on New Melones Reservoir to provide the flows at Vernalis cannot be 
sustained, and attempting to do so would likely have additional adverse effects on CV 
steelhead.  Reclamation and DWR have obtained additional flows in the Tuolumne and 
Merced rivers through CVPIA authorities, including options to purchase water from 
willing sellers, and entered into the SJRA which expires on December 31, 2009.  
Reclamation is in negotiations to extend the current agreement to 2011.  The flows 
required in Phase I at Vernalis were developed through iterative modeling and will 
provide an important increment of additional flow to provide for outmigration of 
steelhead smolts, while not unduly depleting New Melones Reservoir storage.  Using 
CVPIA authorities, it is important that Reclamation seek to immediately change the terms 
of the existing SJRA to achieve the long-term flows. 

 
2) The rationale for the export curtailments is provided in the rationale for Phase II. 

 
3) The SWRCB has initiated proceedings to establish minimum flows in the San Joaquin 

River basin.  The proceedings are scheduled to conclude in 2011.  Flow requirements for 
fish will be provided by this action in the interim. 

 
Phase II:  Beginning in 2012:   

 
From April 1 through May 31: 
 

1. Reclamation shall continue to implement the Goodwin flow schedule for the 
Stanislaus River prescribed in Action III.1.3 and Appendix 2-E. 

  
2. Reclamation and DWR shall implement the Vernalis flow-to-combined export ratios 

in the following table, based on a 14-day running average. 
 

San Joaquin Valley Classification  Vernalis flow (cfs):CVP/SWP 
combined export ratio34

Critically dry 1:135
 

                                                 
34 Exception to the ratio is provided for floods, where exports are not restricted until the flood 
recedes. See footnote 2 above. 
35 Minimum combined CVP and SWP exports is for health and safety. 



 644

Dry 2:1 
Below normal 3:1 
Above normal 4:1 

Wet 4:1 
Vernalis flow equal to or greater 

than 21,750 cfs 
Unrestricted exports until flood 

recedes below 21,750. 
 
Exception procedure for multiple dry years:  If the previous 2 years plus current year of 
San Joaquin Valley “60-20-20” Water Year Hydrologic Classification and Indicator as 
defined in D-1641 and provided in following table, is 6 or less, AND the New Melones Index 
is less than 1 MAF, exports shall be limited to a 1:1 ratio with San Joaquin River inflow, as 
measured at Vernalis.   

 
San Joaquin Valley Classification Indicator 

Critically dry 1 
Dry 2 

Below normal 3 
Above normal 4 

Wet 5 
 
Exception procedure for Health and Safety:  If, by February 28 of a given year, Reclamation 
and DWR predict that they will not be able to achieve these ratios and make deliveries required 
for human health and safety, even after pursuing all options to augment inflow while preserving 
the ability to meet fish flow needs in all seasons, the agencies may submit a plan to NMFS to 
maximize anadromous fish benefits while meeting health and safety needs.  The project 
agencies’ current estimate of health and safety needs is a combined CVP/SWP export rate of 
1,500 cfs.  The plan must demonstrate that all opportunities for purchasing water in the San 
Joaquin Basin have been or will be exhausted, using b(3) or other water purchasing authority. 

 
Meeting the long-term biological requirements of listed species and providing adequate water 
deliveries for these needs under the current system configuration may not be compatible, 
particularly considering anticipated hydrologic patterns associated with climate change.  For this 
reason, Reclamation and DWR may propose a reconfiguration of the water conveyance system to 
allow diversion from the Sacramento River.  Such an alteration of the conveyance system is 
being considered in the BDCP planning process.  The operation of a conveyance structure that 
diverts water directly from the Sacramento River carries additional risk for listed species that 
migrate, spawn, or rear in the Sacramento River or North Delta.  As detailed in this Opinion, the 
status of those species is precarious.  Any new conveyance will be subject to section 7 
consultation, and issues of injury or mortality of juvenile fish associated with all diversion 
facilities, reduction of flow variability for fish life history functions, reduction of Shasta 
Reservoir storage necessary for mainstem temperature control, and other potential adverse 
effects must be adequately addressed in any conveyance proposal. 
 
Rationale:  VAMP studies of CWT Chinook salmon smolts indicate that in general, fish 
released downstream of the zone of entrainment created by the export pumps (e.g., Jersey Point) 
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have higher survival indices to Chipps Island than fish released higher up in the system (e.g., 
Durham Ferry, Mossdale, or Dos Reis).  Studies identify increased flows as a factor that 
increases survival of tagged Chinook salmon smolts.  To date, most VAMP experiments have 
utilized San Joaquin River flows to export pumping ratios of approximately 2:1.  Survival to 
Chipps Island of smolts released upstream has been relatively low under these conditions.  
(Kjelson et al. 1981, Kjelson and Brandes 1989, SJRGA 2007).  Historical data indicates that 
high San Joaquin River flows in the spring result in higher survival of outmigrating Chinook 
salmon smolts and greater adult returns 2.5 years later (Kjelson et al. 1981, Kjelson and Brandes 
1989, USFWS 1995) and that when the ratio between spring flows and exports increase, Chinook 
salmon production increases (CDFG 2005, SJRGA 2007).  NMFS, therefore, concludes that San 
Joaquin River Basin and Calaveras River steelhead would likewise benefit under higher spring 
flows in the San Joaquin River in much the same way as fall-run do.  For a full explanation of 
data and analysis supporting this action, see appendix 5. 

 
Increased flows within the San Joaquin River portion of the Delta will also enhance the survival 
of Sacramento River salmonids.  Those fish from the Sacramento River which have been 
diverted through the interior Delta to the San Joaquin River will benefit by the increased net flow 
towards the ocean caused by the higher flows in the San Joaquin River from upstream and the 
reduced influence of the export pumps.  Such flows will reduce the proportion of Sacramento 
River fish that continue southwards toward the pumps and increase the percentage that move 
westwards toward Chipps Island and the ocean.  Although the real environment is much more 
complex than this generality, in theory, increasing the speed of migration through a particular 
reach of river, or shortening the length of the migratory route decrease the extent of exposure to 
factors causing loss (Anderson et al. 2005)   
 
Action IV.2.2  Six-Year Acoustic Tag Experiment 
 

Objective:  To confirm proportional causes of mortality due to flows, exports and other 
project and non-project adverse effects on steelhead smolts out-migrating from the San 
Joaquin basin and through the southern Delta. 

 
Action:  Reclamation and DWR shall fund a 6-year research-oriented action concurrent with 
Action IV.2.1. 

 
The research shall be composed of studies utilizing acoustically-tagged salmonids, and will 
be implemented to assess the behavior and movement of the outmigrating fish in the lower 
San Joaquin River.  The studies will include three releases of acoustic tagged fish, timed to 
coincide with different periods and operations:  March 1 through March 31, April 1 through 
May 31, and June 1 through June 15.  NMFS anticipates that studies will utilize clipped 
hatchery steelhead and hatchery fall-run as test fish. 

 
During the period from March 1 through March 30, the exports will be operated in 
accordance with the requirements dictated by action IV.2.3.  During the 60-day period 
between April 1 and May 30, exports will be dictated by the requirements of action IV.2.1.  
Reclamation shall operate to a minimum 1:1 inflow to export ratio during the period between 
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June 1 and June 15, allowing exports to vary in relation to inflows from the San Joaquin to 
test varying flow to export ratios during this period.  If daily water temperatures at Mossdale 
exceed 72oF for seven consecutive days during the period between June 1 and June 15, then 
the inflow to export ratio may be relaxed.  NMFS anticipates that warm water conditions in 
the lower San Joaquin River will not be suitable for steelhead under these conditions.   
 
Implementation procedures: 
 
1) By September 1, 2009, Reclamation/DWR shall convene DOSS for the purpose of 

refining the study design for this experiment.  The experiments shall be developed to 
ensure that results are statistically robust and uncertainties due to experimental design 
have been minimized to the fullest extent possible.  Additional expertise may be included 
in the workgroup, at the discretion of the agencies. 

 
2) Issues relevant to listed anadromous fish species that shall be addressed include, but are 

not limited to: 
a)  Increasing survival of emigrating smolts from the tributaries into the main stem of 

the San Joaquin River. 
b) Increasing survival of emigrating smolts through the main stem of the San Joaquin 

River downstream into the Delta. 
c) Increasing survival of emigrating smolts through the Delta to Chipps Island. 
d) The role and influence of flow and exports on survival in these migratory reaches. 
e) Selection of routes under the influence of flows and exports. 
f) Identifying reach-specific mortality and or loss. 
g) The effectiveness of experimental technologies, if any, e.g., non-physical barrier 

(“bubble curtain.”)  
 

3) Annual reviews of the study results shall be conducted by the DOSS group.  At the end of 
the 6-year period, a status review of Action IV.2.1 shall be prepared by the DOSS group.  
The status review shall be used to assess the success of Action IV.2.1 in increasing 
survival through the Delta for San Joaquin River basin salmonids, but in particular, 
steelhead.  Based on the findings of the status review, the DOSS group will make 
recommendations to NMFS, Reclamation, CDFG, DWR, and USFWS on future actions 
to be undertaken in the San Joaquin River basin as part of an adaptive management 
approach to the basin's salmonid stocks.  

 
4) Complementary studies to achieve performance goals:  At its discretion, Reclamation and 

DWR also may develop and propose complementary studies to examine alternative 
actions that would accomplish the targeted survival performance goals.  A primary effort 
of these studies will be to establish an appropriate survival goal for out-migrating 
steelhead smolts from Vernalis to Chipps Island in all water year types.  Reclamation and 
DWR may propose studies which test actions that incorporate non-flow or non-export 
related actions.  The studies shall contain specific actions within the authority and 
discretion of Reclamation and/or DWR, an evaluation of the projected benefits of each 
action with respect to increasing survival to the performance goal, evidence used to 



support this evaluation including literature citations, particle tracking modeling and other 
predictive tools, to demonstrate that the survival will be achieved, and a demonstration 
that the actions are reasonably certain to occur within the term of the study period.  Any 
complementary study proposal shall be peer reviewed by the Calfed Science Program (or 
other comparable science group) and by the DOSS workgroup prior to being submitted to 
NMFS. 

 
Upon receipt of the complementary study proposal, NMFS will review the draft proposal for 
sufficiency of information, experimental design, and likelihood to meet performance goals 
and provide comments back to Reclamation and DWR within 30 days of receipt.  If NMFS 
concurs with the complementary study proposal, and finds the studies do not conflict with the 
actions implemented under the RPA, then the study may be conducted concurrently with the 
actions set forth above (Action IV.2.1 and IV.2.2).  Throughout the six years of study, all 
new data will be annually evaluated by the proposed DOSS group, which will then provide 
recommendations through a written report to the management of NMFS and Reclamation for 
continuing actions in the San Joaquin River basin in support of CV steelhead. 

 
Exception:  If, despite Reclamation and DWR’s best efforts, the new experiment is not ready 
for implementation in 2010, then VAMP study design may continue for 1 year, upon written 
concurrence of NMFS.  A generalized representation of the design is provided, as follows: 
 

 
 
Rationale:  This experiment will provide important information about the response of fish 
migration to flows, exports, and other stressors in the San Joaquin River corridor.  Flows and 
exports will be varied according to time period.  From March 1 through March 31, the studies 
will assess the relationship of the Vernalis flow-to-export ratio under the OMR flow 
restriction (see Action IV.2.3) to route selection at channel bifurcations in the South Delta 
and mainstem San Joaquin River, survival in the different channels reaches of the South 
Delta, and ultimately through the Delta to Chipps Island as a whole.   

 
From April 1 through May 30, the studies will assess the effectiveness of varying ratios by 
water year type (see Action IV.2.1) by comparing channel selection, route survival, and 
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overall through-Delta survival during this period of stabilized conditions to the other two 
periods.   

 
From June 1 to June 15, the studies will focus on the relative importance of exports, as 
compared to flows, by deliberately varying exports under similar flow conditions.  Acoustic 
tagging studies have the potential to provide this level of resolution.  Results from these 
studies may be able to indicate, at a fine temporal and spatial scale, how exports and flow 
influence route selection of migrating fish and their survival probabilities in the different 
channel reaches.  Knowledge of these factors should aid in the management decision process 
and reduce project impacts to listed salmonids based on findings with strong scientific 
foundations. 
 

Action IV.2.3  Old and Middle River Flow Management 
 

Objective:  Reduce the vulnerability of emigrating juvenile winter-run, yearling spring-run, 
and CV steelhead within the lower Sacramento and San Joaquin rivers to entrainment into the 
channels of the South Delta and at the pumps due to the diversion of water by the export 
facilities in the South Delta.  Enhance the likelihood of salmonids successfully exiting the 
Delta at Chipps Island by creating more suitable hydraulic conditions in the mainstem of the 
San Joaquin River for emigrating fish, including greater net downstream flows.  

 
Action:  From January 1 through June 15, reduce exports, as necessary, to limit negative 
flows to -2,500 to -5,000 cfs in Old and Middle Rivers, depending on the presence of 
salmonids.  The reverse flow will be managed within this range to reduce flows toward the 
pumps during periods of increased salmonid presence.  The negative 
flow objective within the range shall be determine based on the following decision tree: 

 
 

 Date  Action Triggers Action Responses 

January 1 
– June 15  
 

January 1 – June 15 Exports are managed to a level that 
produces a 14-day running average 
of the tidally filtered flow of (minus) 
-5,000 cfs in Old and Middle River 
(OMR).  A five-day running average 
flow shall be calculated from the 
daily tidally filtered values and be no 
more than 25 percent more negative 
than the targeted requirement flow 
for the 14-day average flow.36

                                                 
36 Daily OMR flows used to compute the 14-day and 5-day averages shall be tidally filtered values reported by the 
USGS for the Old River at Bacon Island and Middle River at Middle River monitoring stations.  The 14-day running 
average shall be no more negative than the targeted flow requirement.  The 5-day running average shall be no more 
than 25 percent more negative than the targeted flow requirement.  (Transition explanations below are based on 
personal communication Ryan Olah, USFWS, to ensure consistency of OMR measurements and averaging periods 
with implementation of OMR in Smelt Biological Opinion). 
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January 1 
– June 15  
First Stage 
Trigger 
(increasing 
level of 
concern) 

 

Daily SWP/CVP older juvenile loss 
density (fish per taf) 1) is greater 
than incidental take limit divided by 
2000 (2 percent WR JPE ÷ 2000), 
with a minimum value of 2.5 fish per 
taf, or 2) daily loss is greater than 
daily measured fish density divided 
by 12 taf (daily measured fish 
density ÷ 12 taf) or 3) CNFH CWT 
LFR or LSNFH CWT WR 
cumulative loss greater than 0.5%, or 
4) daily loss of wild steelhead (intact 
adipose fin) is greater than the daily 
measured fish density divided by 12 
taf (daily measured fish density ÷ 12 
taf)37

Reduce exports to achieve an average 
net OMR flow of (minus)  
-3,500 cfs for a minimum of 5 
consecutive days.  The five day 
running average OMR flows shall be 
no more than 25 percent more 
negative than the targeted flow level 
at any time during the 5-day running 
average period (e.g., -4,375 cfs 
average over five days). 
Resumption of (minus) -5,000 cfs 
flows is allowed when average daily 
fish density is less than trigger 
density for 3 consecutive days 
following the 5 consecutive days of 
export reduction38.  Reductions are 
required when any one criterion is 

                                                                                                                                                             
 
Transition to more restrictive (less negative) OMR limit  
 
When a more restrictive Old and Middle River flow (OMR) limit is decided upon, the water projects may continue 
to operate to the old limit for up to two additional days, with both 5-day and 14-day averaging periods in effect.  On 
the third day, the moving daily OMR will be no more negative than the new limit, and no moving averages will 
apply.  New moving averages will be calculated from the third day forward.  On the fourth day, OMR can be no 
more than 25% more negative than the daily OMR on the third day; On the fifth day, OMR can be no more than 
25% more negative than the midpoint between the daily OMRs on the third day and the fourth day; on the sixth day, 
OMR can be no more than 25% more negative than the average of the OMRs on the third, fourth, and fifth day; and 
so on.  From the 8th day forward, if OMR restrictions due to triggers are still be implemented, a full 5-day moving 
average will exist, and daily OMR on any day cannot be more than 25% more negative than the 5-day moving 
average.  On the 17th day, a 14-day moving average will be available.  Consequently, from the 17th day forward, the 
14-day moving average cannot be more negative than the OMR limit. 
 
Transition to less restrictive (more negative) OMR limit 
 
When a less restrictive OMR limit is decided upon, the water projects may begin to operate to that limit on the same 
day.  The 5-day and 14-day averaging periods will continue to be computed through the transition.  However, the 5-
day averaging period will not provide 25% flexibility from the day the new OMR is imposed through the 7th day 
after the new limit is adopted.  Through the 7th day after imposition, daily OMR may not be more negative than the 
new limit. 
 
37 NMFS assumes that the loss of winter-run Chinook salmon and steelhead are similar in nature based on annual 
loss estimates.  As an initial trigger, the density of steelhead, which includes smolts and adults, will be used in the 
same equation as the older juvenile salmon trigger to change OMR flows.  This will be reviewed by the DOSS group 
annually and recommendations to the trigger criteria made based on an assessment of the results. 
38 Three consecutive days in which the loss numbers are below the action triggers are required before the OMR flow 
reductions can be relaxed to -5,000 cfs.  A minimum of 5 consecutive days of export reduction are required for the 
protection of listed salmonids under the action.  Starting on day three of the export curtailment, the level of fish loss 
must be below the action triggers for the remainder of the 5-day export reduction to relax the OMR requirements on 
day 6.  Any exceedances of the triggers restarts the 5-day OMR actions with the three day loss monitoring criteria. 
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met.   

January 1 - 
June 15 
Second 
Stage 
Trigger 
(analogous 
to high 
concern 
level) 

Daily SWP/CVP older juvenile loss 
density (fish per taf) is 1) greater 
than incidental take limit (2 percent 
of WR JPE) divided by 1000 (2 
percent of WR JPE ÷ 1000), with a 
minimum value of 2.5 fish per taf, or 
2) daily loss is greater than daily fish 
density divided by 8 taf (daily fish 
density ÷8 taf), or 3) CNFH CWT 
LFR or LSNFH CWT WR 
cumulative loss greater than 0.5%, or 
4) daily loss of wild steelhead (intact 
adipose fin) is greater than the daily 
measured fish density divided by 8 
taf (daily measured fish density ÷ 8 
taf)  

Reduce exports to achieve an average 
net OMR flow of (minus) -2,500 cfs 
for a minimum 5 consecutive days.  
Resumption of (minus)  
-5,000 cfs flows is allowed when 
average daily fish density is less than 
trigger density for 3 consecutive days 
following the 5 consecutive days of 
export reduction.  Reductions are 
required when any one criterion is 
met. 

End of 
Triggers 

Continue action until June 15 or until 
average daily water temperature at 
Mossdale is greater than 72oF (22oC) 
for 7 consecutive days (1 week), 
whichever is earlier. 

If trigger for end of OMR regulation 
is met, then the restrictions on OMR 
are lifted. 

 
 

Implementation procedures:  Combined exports will be managed to provide for an OMR 
flow of -5,000 cfs, tidally filtered over 14-days during the period between January 1 and June 
15.  The 5-day running average shall be no more than 25 percent more negative than the 
targeted flow requirement.  Further reductions in exports will occur in a tiered fashion 
depending on the magnitude of Chinook salmon and steelhead salvage at the CVP and SWP 
fish salvage facilities. There are two export reductions triggered by increases in fish salvage 
rates at the fish collection.  The first reduction decreases exports to achieve a net average 
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OMR flow of -3,500 cfs over a minimum of 5 consecutive days.  The second reduction, 
based on higher salvage numbers, further reduces exports to achieve a net average OMR flow 
of -2,500 cfs over a minimum of 5 days.  
 
These actions will be taken in coordination with USFWS RPA for Delta smelt and State-
listed longfin smelt 2081 incidental take permit.  During the January 1 through June 15 
period, the most restrictive export reduction shall be implemented.  If the USFWS Delta 
smelt RPA requires greater reductions in exports than those required by NMFS for 
salmonids, to achieve a more positive OMR flow, then the smelt action will be implemented, 
since it also will increase survival of listed salmonids.  Likewise, if the NMFS RPA criteria 
are more restrictive than those called for under the Delta smelt RPA, then NMFS RPA 
criteria will prevail and will increase survival of Delta smelt as well as salmonids.   
  
Rationale:  Juvenile listed salmonids emigrate downstream in the main channel of the San 
Joaquin River during the winter and spring period.  Juvenile listed steelhead from the San 
Joaquin River basin, the Calaveras River basin, and the Mokelumne River basin also utilize 
the lower reaches of the San Joaquin River as a migration corridor to the ocean.  The river 
reach between the Port of Stockton and Jersey Point has many side channels leading south 
toward the export facilities.  High export levels draw water through these channels toward 
the pumps, as these channels are the conduits that supply water to the pumps from the north.  
Outputs from PTM simulations, as well as data from acoustic tagging studies (Vogel 2004, 
SJRGA 2006, 2007), show that migrating fish are vulnerable to diversion into these channels 
and respond to flow within the channels, including the net migration speed downstream 
(SJRGA 2008). 
 
The acoustic tagging studies also indicate that fish behavior is complex, with fish exhibiting 
behavior that is not captured by the “tidal surfing’ model utilized as one of the options in the 
PTM simulations.  Fish made their way downstream in a way that was more complicated 
than simply riding the tide, and no discernable phase of the tide had greater net downstream 
movement than another.  Furthermore, tagged fish chose channels leading south more 
frequently when exports were elevated, than when exports were lower (Vogel 2004).  Fish 
that moved into channels leading south may eventually find their way back to the main 
channel of the San Joaquin, but this roundabout migratory path exposes fish to higher 
predation risks as well as the potential to become lost within the Delta interior, increasing 
migration route length and duration of the outmigration.  Increased time in the channels of 
the Central and South Delta exposes fish to unscreened agricultural diversions, discharges of 
agricultural irrigation return water to the Delta, increased water temperature later in the 
season, and the risk of predation from pelagic predators such as striped bass and localized 
ambush predators such as largemouth bass.  In order to increase the likelihood of survival, 
emigrating steelhead from the San Joaquin Basin and the east-side tributaries should remain 
in the mainstem of the San Joaquin River to the greatest extent possible and reduce their 
exposure to the adverse effects that are present in the channels leading south toward the 
export facilities.   
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Reducing the risk of diversion into the central and southern Delta waterways also will 
increase survival of listed salmonids and green sturgeon entering the San Joaquin River via 
Georgiana Slough and the lower Mokelumne River.  As described in the effects section of the 
Opinion, these fish also are vulnerable to entrainment by the far-field effects of the exports.  
The data output for the PTM simulation of particles injected at the confluence of the 
Mokelumne River and the San Joaquin River (Station 815) indicate that as net OMR flow 
increases southwards from -2,500 to -3,500 cfs, the risk of particle entrainment nearly 
doubles from 10 percent to 20 percent, and quadruples to 40 percent at -5,000 cfs.  At flows 
more negative than -5,000 cfs, the risk of entrainment increases at an even greater rate, 
reaching approximately 90 percent at -7,000 cfs.  Even if salmonids do not behave exactly as 
neutrally buoyant particles, the risk of entrainment escalates considerably with increasing 
exports, as represented by the net OMR flows.  The logical conclusion is that as OMR 
reverse flows increase, risk of entrainment into the channels of the South Delta is increased.  
Conversely, the risk of entrainment into the channels of the South delta is reduced when 
exports are lower and the net flow in the OMR channels is more positive -- that is, in the 
direction of the natural flow toward the ocean. 

 
Action IV.3  Reduce Likelihood of Entrainment or Salvage at the Export Facilities 
  

Objective:  Reduce losses of winter-run, spring-run, CV steelhead, and Southern DPS of 
green sturgeon by reducing exports when large numbers of juvenile Chinook salmon are 
migrating into the upper Delta region, at risk of entrainment into the central and south Delta 
and then to the export pumps in the following weeks. 
 
Action: From November 1 through April 30, operations of the Tracy and Skinner Fish 
Collection Facilities shall be modified according to monitoring data from upstream of the 
Delta.  In conjunction with the two alerts for closure of the DCC (Action IV.1.1), the Third 
Alert shall be used to signal that export operations may need to be altered in the near future 
due to large numbers of juvenile Chinook salmon migrating into the upper Delta region, 
increasing their risk of entrainment into the central and south Delta and then to the export 
pumps. 
 
Third Alert:  The catch index is greater than 10 fish captured per day from November 1 to 
February 28, or greater than 15 fish captured per day from March 1 to April 30, from either 
the Knights Landing catch index or the Sacramento catch index. 
 
Response: From November 1 through December 31, when salvage numbers reach the action 
triggers, exports shall be reduced as follows:   
 
 Date  Action Triggers Action Responses 
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Daily SWP/CVP older juvenile loss 
density greater than 8 fish/thousand 
acre feet (taf), or daily loss is greater 
than 95 fish per day, or Coleman 
National Fish Hatchery coded wire 
tagged late fall-run Chinook salmon 
(CNFH CWT LFR) or Livingston 
Stone National Fish Hatchery coded 
wire tagged winter-run (LSNFH CWT 
WNT) cumulative loss is greater than 
0.5%. 

Reduce exports to a combined 
6,000 cfs for 3 days or until 
CVP/SWP daily density is less 
than 8 fish/taf.  Export 
reductions are required when any 
one of the four criteria is met. 

 
 
 
 
 
November 1 – 
December 31 
 

Daily SWP/CVP older juvenile loss 
density greater than 15 fish/taf, or 
daily loss is greater 120 fish per day, 
or CNFH CWT LFR or LSNFH CWT 
WNT cumulative loss greater than 
0.5%. 

Reduce exports to a combined 
4,000 cfs for 3 days or until 
CVP/SWP daily density is less 
than 8 fish/taf.  Export 
reductions are required when any 
one of the four criteria is met. 

 
From January 1 through April 30, implement Action IV.2.3 which include restrictions on 
OMR flows rather than set levels of combined export pumping.  Alert triggers will remain in 
effect to notify the operators of the CVP and SWP that large numbers of juvenile Chinook 
salmon are entering the Delta system. 
 
Rationale:   As explained previously, juvenile salmonids and green sturgeon have a lower 
chance of survival to the ocean if they are diverted from their migratory routes on the main 
Sacramento and San Joaquin Rivers into the central and south Delta.  Export pumping 
changes flow patterns and increases residence time of these diverted fish in the central Delta, 
which increases the risk of mortality from predation, water diversions, poor water quality, 
and contaminant exposure, as well as the likelihood of entrainment at the pumps.  When 
more fish are present, more fish are at risk of diversion and losses will be higher. The Third 
Alert is important for real-time operation of the export facilities because the collection and 
dissemination of field data to the resource agencies and coordination of response actions may 
take several days.  This action is designed to work in concert with the OMR action in IV.2.3. 

 
Action Suite IV.4  Modifications of the Operations and Infrastructure of the CVP and SWP 
Fish Collection Facilities  
 
Objective:  Achieve 75 percent performance goal for whole facility salvage at both state and 
Federal facilities.  Increase the efficiency of the Tracy and Skinner Fish Collection Facilities to 
improve the overall salvage survival of winter-run, spring-run, CV steelhead, and green sturgeon.   
 
Action: Reclamation and DWR shall each achieve a whole facility salvage efficiency of 75 
percent at their respective fish collection facilities.  Reclamation and DWR shall implement the 
following actions to reduce losses associated with the salvage process, including: (1) conduct 
studies to evaluate current operations and salvage criteria to reduce take associated with salvage, 
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(2) develop new procedures and modifications to improve the current operations, and (3) 
implement changes to the physical infrastructure of the facilities where information indicates 
such changes need to be made.  Reclamation shall continue to fund and implement the CVPIA 
Tracy Fish Facility Program.  In addition, Reclamation and DWR shall fund quality control and 
quality assurance programs, genetic analysis, louver cleaning loss studies, release site studies and 
predation studies.  Funding shall also include new studies to estimate green sturgeon screening 
efficiency at both facilities and survival through the trucking and handling process.   
 
By January 31 of each year, Reclamation and DWR shall submit to NMFS an annual progress 
report summarizing progress of the studies, recommendations made and/or implemented, and 
whole facility salvage efficiency.  These reports shall be considered in the Annual Program 
Review.   
 
Action IV.4.1  Tracy Fish Collection Facility (TFCF) Improvements to Reduce Pre-Screen 
Loss and Improve Screening Efficiency 
  

Objective: Implement specific measures to reduce pre-screen loss and improve screening 
efficiency at Federal facilities. 

 
Action:  Reclamation shall undertake the following actions at the TFCF to reduce pre-screen 
loss and improve screening efficiency: 

 
1) By December 31, 2012, improve the whole facility efficiency for the salvage of Chinook 

salmon, CV steelhead, and Southern DPS of green sturgeon so that overall survival is 
greater than 75 percent for each species.  

 
a) By December 31, 2011, Reclamation shall complete studies to determine methods for 

removal of predators in the primary channel, using physical and non-physical removal 
methods (e.g., electricity, sound, light, CO2), leading to the primary louver screens 
with the goal of reducing predation loss to ten percent or less.  Findings shall be 
reported to NMFS within 90 days of study completion.  By December 31, 2012, 
Reclamation shall implement measures to reduce pre-screen predation in the primary 
channel to less than ten percent of exposed salmonids. 

b) By March 31, 2011, Reclamation shall complete studies for the re-design of the 
secondary channel to enhance the efficiency of screening, fish survival, and reduction 
of predation within the secondary channel structure and report study findings to 
NMFS.  NMFS shall review study findings and if changes are deemed feasible, 
Reclamation shall initiate the implementation of the study findings by January 31, 
2012. 

c) No later than June 2, 2010, Reclamation shall submit to NMFS, one or more potential 
solutions to the loss of Chinook salmon and green sturgeon associated with the 
cleaning and maintenance of the primary louver and secondary louver systems at the 
TFCF.  In the event that a solution acceptable to NMFS is not in place by June 2, 
2011, pumping at the Tracy Pumping Plant shall cease during louver cleaning and 
maintenance operations to avoid loss of fish during these actions. 
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2) By December 31, 2011, Reclamation shall implement operational procedures to optimize 

the simultaneous salvage of juvenile salmonids and Delta smelt at the facility. 
 

3) Immediately upon issuance of this biological opinion, Reclamation shall begin removing 
predators in the secondary channel at least once per week.  By June 2, 2010, Reclamation 
shall install equipment to monitor for the presence of predators in secondary channel 
during operations.  This could include an infrared or low light charged coupled device 
camera or acoustic beam camera mounted within the secondary channel.   

 
4) Reclamation shall operate the facility to meet design criteria for louver bypasses and 

channel flows at least 75 percent efficiency.   
 

5) Reclamation shall maintain a head differential at the trash rack of less than 1.5 ft. 
between the ambient Old River water surface elevation and the primary intake channel at 
all times.  

 
6) By January 2, 2010, Reclamation shall install and maintain flow meters in the primary 

and secondary channels to continuously monitor and record the flow rates in the channel.  
Deviations from design flow criteria shall initiate immediate corrective measures to 
remedy deficiencies and return channel flows to design flow specifications.   

 
7) Reclamation shall change its operations of the TFCF to meet salvage criteria, while 

emphasizing the following actions:  (a) Primary Bypass Ratio; (b) Secondary Bypass 
Ratio; (c) Primary Average Channel Velocity; and (d) Secondary Average Channel 
Velocity. 

 
8) Records of all operating actions shall be kept and made available to NMFS engineers 

upon request.  NMFS shall be notified of any major or long-term deviations from normal 
operating design criteria within 24 hours of occurrence.   

 
Action IV.4.2  Skinner Fish Collection Facility Improvements to Reduce Pre-Screen Loss 
and Improve Screening Efficiency 
 

Objective: Implement specific measures to reduce pre-screen loss and improve screening 
efficiency at state facilities. 

 
Action:  DWR shall undertake the following actions at the Skinner Fish Collection Facility: 

 
1) By December 31, 2012, operate the whole Skinner Fish Protection Facility to achieve a 

minimum 75 percent salvage efficiency for CV salmon, steelhead, and Southern DPS of 
green sturgeon after fish enter the primary channels in front of the louvers.  
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2) Immediately commence studies to develop predator control methods for Clifton Court 
Forebay that will reduce salmon and steelhead pre-screen loss in Clifton Court Forebay to 
no more than 40 percent. 

 
a) On or before March 31, 2011, improved predator control methods.  Full compliance 

shall be achieved by March 31, 2014.  Failure to meet this timeline shall result in the 
cessation of incidental take exemption at SWP facilities unless NMFS agrees to an 
extended timeline.   

b) DWR may petition the Fish and Game Commission to increase bag limits on striped 
bass caught in Clifton Court Forebay. 

 
3) Remove predators in the secondary channel at least once per week. 

 
Action IV.4.3  Tracy Fish Collection Facility and the Skinner Fish Collection Facility 
Actions to Improve Salvage Monitoring, Reporting and Release Survival Rates 
 

Objective:  To improve overall survival of listed species at facilities through accurate, rapid 
salvage reporting and state-of-the-art salvage release procedures.  This reporting is also 
necessary to provide information needed to trigger OMR actions. 
 
Action:  Reclamation and DWR shall undertake the following actions at the TFCF and the 
Skinner Fish Collection Facility, respectively.  Actions shall commence by October 1, 2009, 
unless stated otherwise.  

 
1) Sampling rates at the facilities for fish salvage counts shall be no less than 30 minutes 

every 2 hours (25 percent of operational time) year-round to increase the accuracy of 
salvage estimates used in the determination of trigger levels.  Exceptions to the 30-minute 
count may occur with NMFS’ concurrence under unusual situations, such as high fish 
densities or excessive debris loading. 

 
2) By October 1, 2010, websites shall be created or improved to make salvage count data 

publicly available within 2 days of observations of the counts.  Information available on 
the website shall include at a minimum: 

 
a) duration of count in minutes; 
b) species of fish salvaged; 
c) number of fish salvaged including raw counts and expanded counts; 
d) volume of water in acre-feet, and average daily flow in cfs; 
e) daily average channel velocity and bypass ratio in each channel, primary and 

secondary; 
f) average daily water temperature and electrical conductivity data for each facility; and 
g) periods of non-operation due to cleaning, power outages, or repairs. 

 
3) Release Site Studies shall be conducted to develop methods to reduce predation at the 
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“end of the pipe” following release of salvaged fish.  Studies shall examine but are not 
limited to: 

 
a) potential use of barges to release the fish in different locations within the western 

Delta, with slow dispersion of fish from barge holding tanks to Delta waters; 
b) multiple release points (up to six) in western Delta with randomized release schedule; 

and 
c) conducting a benefit to cost analysis to maximize this ratio while reducing predation 

at release site to 50 percent of the current rate. 
 

4) By June 15, 2011, predation reduction methods shall be implemented according to 
analysis in 3.  By June 15, 2014, achieve a predation rate that has been reduced 50 
percent from current rate. 
 

5) Add salt to water within the tanker trucks hauling fish to reduce stress of transport.  
Assess use of other means to reduce stress, protect mucous slime coat on fish, and 
prevent infections from abrasions (i.e., commercially available products for this purpose). 
 

6) All personnel conducting fish counts must be trained in juvenile fish identification and  
have working knowledge of fish physiology and biology. 
 

7) Tanker truck runs to release salmonids should be scheduled at least every 12 hours, or 
more frequently if required by the “Bates Table” calculations (made at each count and 
recorded on the monthly report). 

 
8) Reclamation and DWR shall use the Bates Table to maintain suitable environmental 

conditions for fish in hauling trucks.  Trucks should never be overcrowded so that the          
carrying capacity of the tanker truck is exceeded. 

 
Rationale:  The process for salvaging listed salmonids and green sturgeon that are drawn 
into the pumping facilities is not efficient.  For salmonids, at the Skinner Fish Protection 
Facility, loss rates can be as high as five fish lost for every fish salvaged.  Most of this loss 
occurs in the forebay before the fish even encounter the fish screen louvers and the screening 
process.  Conversely, at the Federal TFCF, most loss occurs because of poor screening 
efficiency in the louver array, although predation also occurs in front of the trash racks and in 
the primary channel leading to the primary louver array.  Louver array cleaning protocols 
also lead to high loss rates because louvers are removed during cleaning, but pumping 
continues and fish are drawn directly into the facilities.  The efficiency of the salvage process 
for green sturgeon is unknown, and this is a significant gap in the operational protocol for the 
facilities.  The 2004 CVP/SWP operations Opinion identified terms and conditions to be 
implemented regarding salvage improvements, including evaluations for operational 
improvements.  Some of those terms and conditions have been implemented but many have 
not.   

 



 658

Action IV.5  Formation of Delta Operations for Salmon and Sturgeon (DOSS) Technical 
Working Group  
 

Objective:  Create a technical advisory team .that will provide recommendations to WOMT 
and NMFS on measures to reduce adverse effects of Delta operations of the CVP and SWP to 
salmonids and green sturgeon and will coordinate the work of the other technical teams. 
 
Action:  The DOSS group will be comprised of biologists, hydrologists, and other staff with 
relevant expertise from Reclamation, DWR, CDFG, USFWS, and NMFS.  Invitations to 
EPA, USGS, and Regional Water Quality Board biologists will be extended to provide 
expertise on issues pertinent to Delta water quality, hydrology and environmental parameters.  
By October 1, 2009, Reclamation shall, jointly with NMFS, convene the DOSS working 
group.  The working group will have biweekly phone conferences, or more frequently if 
necessary for real-time operations, and meet at least quarterly to discuss and review 
information related to project operations and fisheries issues. Either Reclamation or NMFS 
may call for a special meeting of the DOSS group if they deem it necessary. 
 
The team will: 
 
1) provide recommendations for real-time management of operations to WOMT and NMFS, 

consistent with implementation procedures provided in this RPA; 
2) review annually project operations in the Delta and the collected data from the different 

ongoing monitoring programs; 
 

3) track the implementation of Actions IV.1 through IV.4; 
 

4) evaluate the effectiveness of Actions IV.1 through IV.4 in reducing mortality or 
impairment of essential behaviors of listed species in the Delta; 

 
5) oversee implementation of the acoustic tag experiment for San Joaquin fish provided for 

in Action IV.2.2; 
 

6) coordinate with the SWG to maximize benefits to all listed species; and 
 

7) coordinate with the other technical teams identified in this RPA to ensure consistent 
implementation of the RPA. 

 
The DOSS team shall provide annual written reports to Reclamation, DWR, and NMFS, 
including a summary of major actions taken during the year to implement Action Suite IV of 
this RPA, an evaluation of their effectiveness, and recommendations for future actions.  At 
the technical staff level, the working group will coordinate with the DAT, the SWG, and 
other workgroups to ensure coherent and consistent implementation of actions in the Delta.  
Every five years, the DOSS working group will produce a summary report of the previous 
five years of operations, actions taken, and the effectiveness of those actions in achieving the 
objectives of the Delta actions in this RPA.  Included in this report will be recommendations 
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for adaptive management changes consistent with the objectives of this RPA.  The report will 
be provided to NMFS, Reclamation, DWR, CDFG and USFWS. 
 
The DOSS group shall also provide a coordinating function for the other technical working 
groups, to assure that relevant information from all technical groups is considered in actions 
to implement this RPA.   
 
Rationale:  This RPA contains a series of measures to minimize adverse effects of project 
operations in the Delta.  An interagency technical team is necessary to track implementation 
of these measures, recommend actions within the boundaries of the implementation 
procedures in this document, and to build expertise over time to recommend changes to Delta 
operations.  Any significant changes to Operations will trigger re-initiation of this opinion. 

 
Action IV.6  South Delta Improvement Program—Phase I (Permanent Operable Gates) 
 

Action:  DWR shall not implement the South Delta Improvement Program, which is a 
proposal to replace temporary barriers with permanent operable gates. 
 
Rationale:  In a separate formal consultation (2009/01239), NMFS issued a 2008 biological 
opinion on the installation and operation of temporary barriers through 2010 (NMFS 2008).  
That biological opinion concluded that the temporary barriers would not jeopardize the 
continued existence of listed species or adversely modify critical habitat.  This CVP/SWP 
operations Opinion concludes that on the basis of the best information available, the 
proposed replacement of these temporary barriers with permanent operable gates will 
adversely modify critical habitat.  NMFS has not identified an alternative to the proposed 
permanent gates that meets ESA obligations. 
 
After analyses of the operations of the temporary barriers are completed, as specified in the 
2008 biological opinion, DWR may request that Reclamation reinitiate consultation with 
NMFS on the South Delta Improvement Program or may pursue permitting under ESA 
section 10.  Additionally, DWR may apply information developed from Action IV.1.2 to 
modify the barrier design.  

 
V.  Fish Passage Program 

 
Introduction: The duration of the proposed action is more than two decades.  The long time 
horizon of the consultation requires NMFS to anticipate long-term future events, including 
increased water demand and climate change.  The effects analysis in this Opinion highlights the 
difficulty of managing cold water aquatic species below impassible barriers, depending entirely 
on a fluctuating and often inadequate cold water reservoir pool.  The analysis shows that even 
after all discretionary actions are taken to operate Shasta and Folsom reservoirs to reduce adverse 
effects of water operations on listed anadromous fish, the risk of temperature-related mortality of 
fish and eggs persists, especially in critically dry years.  This mortality can be significant at the 
population level.  The analysis also leads us to conclude that due to climate change, the 
frequency of these years will increase.     
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Therefore, NMFS believes it is necessary for Reclamation, in cooperation with NMFS, other 
fisheries agencies, and DWR, to undertake a program to provide fish passage above currently 
impassable artificial barriers for Sacramento River winter-run, spring-run, and CV steelhead, and 
to reintroduce these fish to historical habitats above Shasta and Folsom Dams.  Substantial areas 
of high quality habitat exist above these dams: there are approximately 60 mainstem miles above 
Lake Shasta and 50 mainstem miles above Lake Folsom.  These high-elevation areas of suitable 
habitat will provide a refuge for cold water fish in the face of climate change.  
 
An RPA requiring a fish passage program has recently been issued by the Northwest Region of 
NMFS, as part of the Willamette Projects Biological Opinion (NMFS 2008).  This jeopardy 
biological opinion resulted from the operation of a series of Federal projects in Oregon.  That 
RPA represents the state-of-the-art program to address passage concerns such as residualism 
(failure to complete the downstream migration) and predation.  The following suite of actions is 
similar, but not identical, to those in the Willamette projects Opinion.  There are several designs 
available for passage, and some are likely to be more effective in some locations than others.  
Consequently, while NMFS suggests that Reclamation learn from the Willamette experience, the 
actions allow Reclamation to follow different critical paths, particularly with respect to the 
construction of a downstream passage prototype.   
 
The Fish Passage Program includes a fish passage assessment for evaluating steelhead passage 
above Goodwin, Tulloch, and New Melones Dams on the Stanislaus River.  The assessment will 
develop information necessary for consideration and development of fish passage options for the 
Southern Sierra Diversity Group of CV steelhead.  Although pilot testing of passage in the 
Stanislaus is encouraged, it is not specifically required.     
 
The Fish Passage Program Action includes several elements that are intended to proceed in 
phases.  The near-term goal is to increase the geographic distribution and abundance of listed 
species.  The long-term goal is to increase abundance, productivity, and spatial distribution, and 
to improve the life history and genetic diversity of the target species.  Several actions are 
included in this program, as indicated in the following outline of the program: 
 
Near-Term Fish Passage Actions: 

NF 1. Formation of Interagency Fish Passage Steering Committee 
NF 2. Evaluation of Habitat Above Dams 
NF 3. Development of Fish Passage Pilot Plan 
NF 4. Implementation of Pilot Reintroduction Program 

NF 4.1. Adult Fish Collection and Handling Facilities 
NF 4.2. Adult Fish Release Sites above Dams, and Juvenile Fish Sites Below Dams 
NF 4.3. Capture, Trapping, and Relocation of Adults 
NF 4.4. Interim Downstream Fish Passage through Reservoirs and Dams 
NF 4.5. Juvenile Fish Collection Prototype 
NF 4.6. Pilot Program Effectiveness Monitoring and Evaluation 
NF 4.7. Stanislaus River Fish Passage Assessment 

NF 5. Comprehensive Fish Passage Report 
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Long-Term Fish Passage Actions: 

LF 1. Long-term Funding and Support for the Interagency Fish Passage Steering 
Committee. 

LF 2. Long-term Fish Passage Program 
LF 2.1. Construction  and Maintenance of Adult and Juvenile Fish Passage Facilities 
LF 2.2. Development of Supplementation and Management Plan  
LF 2.3. Construction and Maintenance of Long-term Adult and Juvenile Release 

Locations and Facilities. 
LF 2.4. Development of Fish Passage Monitoring and Evaluation Plan 

 
 
NEAR-TERM FISH PASSAGE ACTIONS 
 
NF 1.  Formation of Interagency Fish Passage Steering Committee 
 

Objective:  To charter, and support through funding agreements, an interagency steering 
committee to provide oversight and technical, management, and policy direction for the Fish 
Passage Program.   
 
Action:  By December 2009, Reclamation shall establish, chair and staff the Interagency 
Fish Passage Steering Committee.  The Committee shall be established in consultation with 
and the approval of NMFS and shall include senior biologists and engineers with experience 
and expertise in fish passage design and operation, from Reclamation, NMFS, DWR, CDFG, 
and USFWS.  The Steering Committee also shall include academic support by including at 
least one academic member from a California University with and established fishery 
program.  The committee shall be limited to agency membership unless otherwise approved 
by Reclamation and NMFS.  Steering committee membership shall include on lead member 
and one alternate. 
 
Rationale:  Interagency coordination and oversight is critical to ensuring the success of the 
fish passage program. 

 
NF 2.  Evaluation of Salmonid Spawning and Rearing Habitat Above Dams 
 

Objective:  To quantify and characterize the location, amount, suitability, and functionality 
of existing and/or potential spawning and rearing habitat for listed species above dams 
operated by Reclamation. 
 
Action:  Beginning in January 2010 and continuing through January 2012, Reclamation, 
shall conduct habitat evaluations to quantify and characterize the location, amount, 
suitability, and functionality of existing and/or potential spawning and rearing habitat for 
listed species above the project reservoirs.  Reclamation shall obtain the Steering 
Committee’s assistance in designing and implementing the habitat evaluations.  Evaluations 
shall be conducted using established field survey protocols such as the USFS Region 5 
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Stream Condition Inventory, Field Intensive and Field Extensive protocols; and habitat 
models including the Salmon Habitat Integrated Resource Analysis (Shiraz) in combination 
with the Distributed Hydrology Soil Vegetated Model (DHSVM) or RIPPLE.  Shiraz is a 
life-cycle model that incorporates stream flow and temperature inputs from DHSVM to 
develop future projections of salmon population sizes.  Ripple uses digital terrain information 
with aquatic habitat and biological data to identify habitat limitations that affect salmon 
production.  Both modeling approaches have been applied in the Washington and Oregon 
assess the value of providing passage to salmonids to historically available habitat.  
 
Rationale:  The condition and suitability of historical habitats located above impassable 
barriers is likely to have changed considerably since last occupied by anadromous fish.  The 
location, quantity, and condition of habitat must be inventoried and assessed in order to 
evaluate the current carrying capacity and restoration potential.  This information is essential 
to determine where passage and reintroduction, if feasible, are most likely to improve 
reproductive success for listed fish. 

 
NF 3.  Development of Fish Passage Pilot Plan  
 

Action:  From January 2010 through January, 2011, Reclamation, with assistance from the 
Steering Committee, shall complete a 3-year plan for the Fish Passage Pilot program.  The 
plan shall include:  (1) a schedule for implementing a 3-year Pilot Passage program on the 
American River above Nimbus and Folsom dams, and on the Sacramento River above 
Keswick and Shasta dams; and (2) a plan for funding the passage program.  This plan and its 
annual revisions shall be implemented upon concurrence by NMFS that it is in compliance 
with ESA requirements.  The plan shall include, but not be limited to, the following: 

 
1) Identify any operational requirements needed for the passage and re-introduction 

program. 
 

2) Identify protocols for optimal handling, sorting, and release conditions for ESA-listed 
fish collected at Reclamation or partner agency-funded fish collection facilities when 
they are constructed. 

 
3) Identify the number, origin, and species of fish to be released into habitat upstream of 

Reclamation dams, incorporated into the hatchery broodstock, or taken to other 
destinations. 

 
4) Identify fish collection and transportation requirements (e.g., four wheel-drive vehicles, 

smooth-walled annular tanks, large vertical slide gates, provisions for tagging/marking, 
etc.) for moving fish from below project dams to habitats above reservoirs, avoiding the 
use of facilities or equipment dedicated for other purposes (e.g., existing transport 
trucks). 

 
5) Identify optimal release locations for fish, based on access, habitat suitability, disease 

concerns, and other factors (e.g., those which would minimize disease concerns, 
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recreational fishery impacts, interbreeding with non-native O. mykiss strains, regulatory 
impacts, special authorities for studies/construction, complications from upstream dams, 
etc.).  

 
6) Identify and evaluate options for providing tailored ESA regulatory assurances for non-

Federal landowners above the dams where species could be re-introduced. 
 

7) Identify interim downstream fish passage options through reservoirs and dams with the 
objective of identifying volitional downstream passage scenarios and alternatives for 
juvenile salmon and steelhead migrating through or around project reservoirs and dams. 
If these options are not considered feasible, identify interim non-volitional alternatives.  
Near-term operating alternatives that are determined to be technically and economically 
feasible and biologically justified shall be identified by Reclamation and the steering 
committee agencies.  

 
8) Describe scheduled and representative types of unscheduled, maintenance of existing 

infrastructure (dams, transmission lines, fish facilities, etc.) that could adversely impact 
listed fish, and describe measures to minimize these impacts. 

 
9) Describe procedures for coordinating with Federal and state resource agencies in the 

event of scheduled and unscheduled maintenance. 
 

10) Describe protocols for emergency events and deviations. 
 

Reclamation and partner agencies shall annually revise and update the Fish Passage Pilot 
Plan. The revisions and updates shall be based on results of Fish Passage Pilot Plan activities, 
construction of new facilities, recovery planning guidance, predicted annual run size, and 
changes in hatchery management.  By January 15 of each year, Reclamation shall submit a 
revised draft plan to NMFS.  By February 15, NMFS shall advise Reclamation and partner 
agencies whether it concurs that the revised Fish Passage Plan is likely to meet ESA 
requirements.  Reclamation and partner agencies shall release a final updated Fish Passage 
Pilot Plan by March 14 of each year.  
 
Rationale:  The Fish Passage Pilot Plan is a critical link between measures in the Proposed 
Action and this RPA and the long-term fish passage program.  The plan will provide a 
blueprint for obtaining critical information about the chances of successful reintroduction of 
fish to historical habitats and increasing the spatial distribution of the affected populations.  
By including emergency operations within the Plan, field staff will have a single manual to 
rely on for all fish-related protocols, including steps that should be taken in emergency 
situations to minimize adverse effects to fish.  

 
NF 4.  Implementation of Pilot Reintroduction Program  
 

Objective:  To implement short-term fish passage actions that will inform the planning for 
long-term passage actions. 
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Actions:  From January 2012 through 2015, Reclamation shall begin to implement the Pilot 
Reintroduction Program (see specific actions below).  The Pilot Program will, in a phased 
approach, provide for pilot reintroduction of winter-run and spring-run  to habitat above 
Shasta Dam in the Sacramento River, and CV steelhead above Folsom Dam in the American 
River.  This interim program will be scalable depending on source population abundance, 
and will not impede the future installation of permanent facilities, which require less 
oversight and could be more beneficial to fish.  This program is not intended to achieve 
passage of all anadromous fish that arrive at collection points, but rather to phase in passage 
as experience with the passage facilities and their benefits is gained.  

 
Rationale:  The extent to which habitats above Central Valley dams can be successfully 
utilized for the survival and production of anadromous fish is currently unknown.  A pilot 
reintroduction program will allow fishery managers to incrementally evaluate adult 
reintroduction locations, techniques, survival, distribution, spawning, and production, and 
juvenile rearing, migration.  The pilot program also will test juvenile collection facilities. 

 
This action requires facility improvements or replacements, as needed, and establishes dates 
to complete work and begin operation. In some cases, work could be initiated sooner than 
listed above, and NMFS expects Reclamation and partner agencies to make these 
improvements as soon as possible. 

 
Because these facilities will be used in lieu of volitional fish passage to provide access to 
historical habitat above the dams, this measure is an essential first step toward addressing 
low population numbers caused by decreased spatial distribution, which is a key limiting 
factor for Chinook salmon and CV steelhead.  

 
Upstream fish passage is the initial step toward restoring productivity of listed fish by using 
large reaches of good quality habitat above project dams. Restriction to degraded habitat 
below the dams has significantly impaired reproductive success and caused steep declines in 
abundance. 

 
NF 4.1.  Adult Fish Collection and Handling Facilities 

 
Beginning in 2012, Reclamation, with assistance from the Steering Committee, shall design, 
construct, install, operate and maintain new or rebuilt adult fish collection, handling and 
transport facilities at the sites listed below.  The objective is to provide interim facilities to 
pass fish above project facilities and reservoirs. 

 
Reclamation and partner agencies shall incorporate NMFS’ Fish Screening Criteria for 
Anadromous Salmonids (NMFS 1997a) and the best available technology.  During the design 
phase, Reclamation and partner agencies shall coordinate with NMFS to determine if the 
design should accommodate possible later connection to improved facilities, if necessary in 
years beyond 2015. 
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Reclamation and partner agencies shall complete all interim steps in a timely fashion to allow 
them to meet the following deadlines for completing construction and beginning operation of 
the facilities listed below.  These steps may include completing plans and specifications.  
Reclamation and partner agencies shall give NMFS periodic updates on their progress.  The 
order in which these facilities are completed may be modified with NMFS’ concurrence, 
based on interim analyses and biological priorities. 

 
1) Sacramento River Fish Facility – Collection facility shall be operational no later than 

March 2012. 
 

2) American River Fish Facility – Collection facility shall be operational no later than 
March 2012. 

 
NF 4.2.  Adult Fish Release Sites above Dams and Juvenile Fish Sites Below Dams 

 
Reclamation shall provide for the safe, effective, and timely release of adult fish above dams 
and juvenile fish below dams.  The Fish Passage Plan must identify and release sites.  Fish 
transport and release locations and methods shall follow existing State and Federal protocols. 
With assistance from the Steering Committee, and in coordination with applicable 
landowners and stakeholders, Reclamation shall complete construction of all selected sites by 
March 2012.   
 

NF 4.3.  Capture, Trapping, and Relocation of Adults 
 
By March 2012, Reclamation shall implement upstream fish passage for adults via “trap and 
transport” facilities while it conducts studies to develop and assess long-term upstream and 
downstream volitional fish passage alternatives.  At least one fish facility must be in place at 
terminal upstream passage points for each river that is subject to this measure.  Facilities to 
capture adults currently exist at or below Keswick and Nimbus Dams, though these may need 
to be upgraded.  The Pilot Program is a first step in providing anadromous fish passage to 
historical habitat above Project dams but will not be sufficient by itself. 
 
The number of fish that shall be relocated is expected to vary depending on the source 
population, source population size, and the results of fish habitat evaluations and modeling of 
carrying and production capacity.  The Steering Committee will work in consultation with 
the NMFS Southwest Fishery Science Center to develop adult relocation source populations 
and abundance targets.  The Steering Committee shall evaluate the use of wild and hatchery 
sources and develop strategies that minimize risk to existing wild populations. 
 
NMFS considers volitional passage via a fish ladder or other fishway to be the preferable 
alternative in most circumstances.  In the short term, upstream passage can be provided with 
fish trap and transport mechanisms, while Reclamation evaluates program effectiveness and 
passage alternatives. 
  

NF 4.4.  Interim Downstream Fish Passage through Reservoirs and Dams 
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Beginning in 2012, following the emergence of the first year class of reintroduced fish, and 
until permanent downstream passage facilities are constructed or operations are established at 
Project dams, Reclamation shall carry out interim operational measures to pass downstream 
migrants as safely and efficiently as possible through or around Project reservoirs and dams 
under current dam configurations and physical and operational constraints, consistent with 
authorized Project purposes.  
 
Near-term operating alternatives shall be identified, evaluated, and implemented if 
determined to be technically and economically feasible and biologically justified by 
Reclamation and partner agencies, within the framework of the Annual Operating Plan 
updates and revisions, and in coordination with the Fish Passage Plan Steering Committee. 
Interim devices shall be constructed to collect emigrating juvenile salmonids and emigrating 
post-spawn adult steelhead from tributaries, main stems above project reservoirs, or heads of 
reservoirs.  Fish shall be safely transported through or around reservoirs as necessary and 
released below currently impassible dams.  
 
Reclamation and partner agencies shall evaluate potential interim measures that require 
detailed environmental review, permits, or Congressional authorization as part of the Fish 
Passage Plan.  Reclamation shall complete this component of the Plan by April 30, 2011, 
including seeking authorization (if necessary) and completing design or operational 
implementation plans for the selected operations.  Measures to be evaluated  include, but are 
not limited to, partial or full reservoir drawdown during juvenile outmigration period, 
modification of reservoir refill rates, and using outlets, sluiceways, and spillways that 
typically are not opened to pass outflow.  
 

NF 4.5.  Juvenile Fish Collection Prototype 
 

Objective:  To determine whether the concept of a head-of-reservoir juvenile collection 
facility is feasible, and if so, to use head-of-reservoir facilities in Project reservoirs to 
increase downstream fish survival.  Safe and timely downstream passage of juvenile Chinook 
salmon and juvenile and adult post-spawn steelhead is a critical component to the success of 
the Fish Passage Program. 
 
Beginning in January, 2010, with input from the CVP/SWP operations Fish Passage Steering 
Committee, Reclamation shall plan, design, build, and evaluate a prototype head-of-reservoir 
juvenile collection facility above Shasta Dam.  Construction shall be complete by September 
2013.   
 
Because the head-of-reservoir fish collection concept is virtually untested, it would be 
imprudent to require such facilities without prior field studies, design, and prototype testing 
to validate the concept.  For this measure, NMFS defines “prototype” to refer to temporary 
facilities intended for concept evaluation, not long-term operations.  Further, “prototype” 
does not necessarily refer to a single concept; multiple concepts may be tested 
simultaneously.  Possible options include, among others:  (1) floating collectors in the 
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reservoir near the mouths of tributaries, (2) use of curtained or hardened structures near 
mouths of tributaries, that block surface passage into reservoirs, (3) fish collection facilities 
on tributaries above the reservoir pools, and (4) a combination of the above to maximize 
collection in high flow and low flow conditions.  
 
By the end of 2010, Reclamation, with assistance from the Fish Passage Steering Committee 
and concurrence by NMFS, shall identify a preferred location(s) and design(s) for 
construction of the prototype(s).  Construction of the prototype facility(s) must be completed 
in time to conduct two years of biological and physical evaluations of the head-of-reservoir 
prototype collection facilities by the end of 2016.  The Fish Passage Steering Committee 
shall have opportunity to comment on study proposals and a draft report on the effectiveness 
of the facilities, including recommendations for installing full-scale head-of-reservoir 
facilities at this and other reservoirs.  By December 31, 2016, after receiving concurrence 
from NMFS and USFWS on the draft report, Reclamation and partner agencies shall make 
necessary revisions to the draft report and issue a final report.  The report shall recommend 
technically and biologically feasible head-of-reservoir facilities, capable of safely collecting 
downstream migrating fish, and capable of increasing the overall productivity of the upper 
basins, then Reclamation and partner agencies shall include such facilities in the design 
alternatives that they consider in the Fish Passage Plan studies.   
 

NF 4.6.  Pilot Program Effectiveness Monitoring and Evaluation 
 

From 2012 to 2015, Reclamation shall study, and provide annual reports on, the elements of 
the pilot program, including adult reintroduction locations, techniques, survival, distribution, 
spawning, and production; and juvenile rearing, migration, recollection, and survival.  The 
objective is to gather sufficient biological and technical information to assess the relative 
effectiveness of the program elements and determine the feasibility of long-term passage 
alternatives.  A final summary report of the 5-year pilot effort shall be completed by 
December 31, 2015. 

 
NF 4.7.  Stanislaus River Fish Passage Assessment 
 

Objective:  To develop information needed in order to evaluate options for achieving fish 
passage on the Stanislaus River above Goodwin, Tulloch, and New Melones Dams.  
 
Action:  By March 31, 2011, Reclamation shall develop a plan to obtain information needed 
to evaluate options for fish passage on the Stanislaus River above Goodwin, Tulloch and 
New Melones Dams and shall submit this plan to NMFS for review.  This plan shall identify 
reconnaissance level assessments that are needed to support a technical evaluation of the 
potential benefits to CV steelhead that could be achieved with passage above the dams, a 
general assessment of logistical and engineering information needed, and a schedule for 
completing those assessments by December 31, 2016.  Reclamation is encouraged to use 
information developed for the American and Sacramento Rivers in Action NF 3 above, when 
also applicable for the Stanislaus River.  
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By December 31, 2016, Reclamation shall submit a report, including the results of the 
assessments and proposed options for further consideration, to NMFS.  By December 31, 
2018, Reclamation shall include recommendations for fish passage on the Stanislaus River in 
the Comprehensive Feasibility Report (Action NF 6.)  The report will outline the costs of 
potential projects, their biological benefits and technical feasibility, potential alternatives, 
and steps necessary to comply with all applicable statutes and regulations. 

 
Rationale:  This assessment process will develop foundational information necessary for 
consideration and development of fish passage options above New Melones Reservoir to 
relieve unavoidable effects of project operations on the Southern Sierra Diversity Group of 
CV steelhead and on adverse modification of critical habitat.     

 
NF 5.  Comprehensive Fish Passage Report 
 

Objective:  To evaluate the effectiveness of fish passage alternatives and make 
recommendations for the development and implementation of long-term passage alternatives 
and a long-term fish passage program. 
 
Action:  By December 31, 2016, Reclamation shall prepare a Comprehensive Fish Passage 
Report.  The Report shall include preliminary determinations by Reclamation and partner 
agencies regarding the feasibility of fish passage and other related structural and operational 
alternatives.  The report should include specific recommendations for improvements to 
highest priority sub-basins and/or features and to include recommendations for major 
operational changes.  It will also include identification and evaluation of high priority actions 
and may suggest modifying the scope or timelines of these high priority actions, based on the 
predicted outcome of long-term efforts. 
 
Re-initiation trigger:  If the downstream fish passage improvements are determined not 
likely to be technically or biologically feasible at this milestone, then Reclamation and the 
Steering Committee shall identify other alternatives that would be implemented within the 
same timelines as those identified in this RPA.  Reclamation and partner agencies shall 
submit specific implementation plans for alternative actions to NMFS, and NMFS shall 
evaluate whether the actions proposed in the implementation plans are likely to have the 
biological results that NMFS relied on in this Opinion.  The alternatives must be within the 
same Diversity Group as the affected population, identify high elevation habitats above dams 
that provide similar habitat characteristics in terms of water temperatures, habitat structure 
(sufficient pool depths and spawning gravels), ability to withstand long-term effects of 
climate change, and must demonstrate an ability to support populations that meet the 
characteristics of a population facing a low risk of extinction according to the population 
parameters identified in Lindley et al. (2007), “Framework for Assessing Viability of 
Threatened and Endangered Chinook Salmon and Steelhead in the Sacramento-San Joaquin 
Basin.”  If Reclamation and partners believe that the proposed passage locations may not be 
feasible, the Fish Passage Steering Committee should be directed to develop early 
assessments of alternative actions that meet the performance standards described above in 
order to maintain the schedule proposed in this action.  NMFS shall notify Reclamation and 
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partner agencies as to whether the proposal is consistent with the analysis in this Opinion.  If 
not, Reclamation will request re-initiation of consultation.    
 

LONG-TERM FISH PASSAGE ACTIONS 
 
In the event that the decision is made by 2016 to pursue a comprehensive fish passage program, 
the following actions will be implemented. 
 
LF 1.  Long-term Funding and Support to the Interagency Fish Passage Steering 
Committee 
 

If the Comprehensive Fish Passage Report indicates that long-term fish passage is feasible 
and desirable, Reclamation shall continue to convene, fund, and staff the Fish Passage 
Steering Committee.   

 
LF 2. Action Suite:  Long-Term Fish Passage Plan and Program 
 

Objective:  Provide structural and operational modifications to allow safe fish passage and 
access to habitat above and below Project dams in the Central Valley. 

 
Actions:  Based on the results of the Comprehensive Fish Passage Report, Reclamation, with 
assistance from the Steering Committee, shall develop a Long-term Fish Passage Plan and 
implement a Long-term Fish Passage Program.  Reclamation and partner agencies shall 
submit a plan to NMFS on or before December 31, 2016, which shall describe planned long-
term upstream and downstream fish passage facilities and operations, based on the best 
available information at that time.  The plan shall include a schedule for implementing a 
long-term program for safe, timely, and effective anadromous fish passage by January 31, 
2020. 
 
The Long-term Fish Passage Plan and Program shall target the following performance 
standards:  (1) demonstrated ability to withstand long-term effects of climate change, (2) 
must support populations in the target watersheds that meet the characteristics of a 
population facing a moderate risk of extinction by year 5 (2025) and a low risk of extinction 
by year 15 (2030), according to the population parameters identified in Lindley et al. (2007), 
“Framework for Assessing Viability of Threatened and Endangered Chinook Salmon and 
Steelhead in the Sacramento-San Joaquin Basin.” 

 
The structural and operational modifications needed to implement the program shall be 
developed as high priority measures in the plan.  The plan shall include an evaluation of a 
range of structural and operational alternatives for providing fish passage above Reclamation 
dams in the Sacramento, American, and Stanislaus River watersheds.  Reclamation and 
partner agencies will evaluate the information gathered through plan development, the NEPA 
process, ESA recovery planning (including life cycle modeling developed as part of the 
recovery planning process), university studies, local monitoring efforts public comment, and 
other relevant sources, to determine which alternative(s), will provide the most cost-effective 
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means to achieve adequate passage benefits to avoid jeopardy to ESA-listed fish from the 
water projects in the long term. Reclamation and partner agencies shall proceed with the 
action(s) that sufficiently address the adverse effects of the Project, in the context of future 
baseline conditions.  Reclamation and DWR shall submit specific implementation plans to 
NMFS, and NMFS shall evaluate whether the actions proposed in the implementation plans 
meet ESA requirements, consistent with this Opinion.  NMFS will notify Reclamation and 
partner agencies as to whether the proposal is consistent with ESA obligations. 

 
Reclamation and DWR also shall analyze structural and operational modifications to provide 
downstream fish passage as part of the plan, following the same process as that for providing 
upstream passage.   

 
The time frame for implementing the long-term passage measures may extend beyond the 
time frame of this Opinion.  However, Reclamation and DWR must begin some actions 
during the term of this Opinion, including as investigating feasibility, completing plans, 
requesting necessary authorization, and conducting NEPA analysis  

 
Rationale:  This suite of actions ensures that fish passage actions will be taken by specified 
dates, or that the Project will be re-analyzed based upon new information.  As noted in this 
Opinion, lack of passage is one of the most significant limiting factors for the viability of the 
affected populations of Chinook salmon and steelhead.  As described in the effects analysis 
of the biological opinion, this also exposes populations to additional and significant stressors 
from project operations that also limits their viability and ability to survive below dams.  
Providing fish passage to historical spawning and rearing habitats would effectively mitigate 
for unavoidable adverse impacts of the projects on listed fish. 

 
NMFS chose the passage in the Sacramento and American rivers based on the best available 
information at the time of this Opinion.  The choice of location of passage facilities, as well 
as the method of passage, may change based on additional information, including additional 
assessment of necessity and feasibility of passage in the Stanislaus River.  Passage methods 
may vary based on the specific requirements of each site, as well as fish behavior at a 
specific location.  If information indicates that a different location or passage method is 
preferable, then Reclamation and DWR must coordinate with the Fish Passage Plan 
committee and obtain NMFS’ concurrence that a proposed change is likely to meet ESA 
obligations.  

 
Long-term fish passage should significantly increase abundance and spatial distribution of 
winter-run, spring-run, and CV steelhead because the fish will have access to upstream 
spawning and rearing habitat, and the juveniles will have access downstream to the ocean for 
growth to maturity.  This action will address the Habitat Access pathway of critical habitat by 
improving access past physical barriers, thereby improving the status of PCEs for spawning, 
rearing, and migration of winter-run, spring-run, and CV steelhead populations. 

 
LF 2.1.  Long-term Adult and Juvenile Fish Passage Facilities 
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Based on the results of the Comprehensive Fish Passage Report and the Fish Passage Plan, 
and with the assistance of the Steering Committee, Reclamation shall construct long-term 
fish passage facilities necessary to successfully allow upstream and downstream migration of 
fish around or through project dams and reservoirs on the Sacramento and American Rivers 
by 2020, and Stanislaus River depending on results of study provided for in Action NF 4.7.  
 

LF 2.2.  Supplementation and Management Plan  
 
Based on the results of the Comprehensive Fish Passage Report and the Fish Passage Plan, 
and with the assistance of the Steering Committee, in consultation with the NMFS Southwest 
Fishery Science Center, Reclamation shall develop and implement a long-term population 
supplementation plan for each species and fish passage location identified in V. Fish Passage  
Program, with adult recruitment and collection criteria developed with consideration for 
source population location, genetic and life history diversity, abundance and production.  The 
purpose is to ensure that long-term abundance and viability criteria are met for all 
reintroduced populations, with contingencies for supplementing populations with wild and/or 
conservation hatchery fish if necessary.  The plan shall be developed by 2020.  The plan shall 
identify wild and/or hatchery sources for adult reintroductions and long-term 
supplementation, and the specific NMFS-approved hatchery management practices that 
qualify a hatchery for conservation purposes.  Species-specific conservation hatchery 
programs may be developed to supplement reintroductions and maintain long-term 
performance standards for abundance and viability.   

 
LF 2.3.  Long-term Fish Passage Monitoring and Evaluation 

 
Reclamation, through the Steering Committee shall develop a Long-term Fish Passage 
Monitoring and Evaluation Plan by 2020, to monitor all elements of the Long-term Fish 
Passage Program including adult reintroduction locations, techniques, survival, distribution, 
spawning, and production; and juvenile rearing, migration, recollection, and survival.  The 
objective is to gather sufficient biological and technical information to assess the relative 
effectiveness of the program elements and determine the feasibility of long-term passage 
alternatives.  Annual reports shall be submitted to NMFS by September 30 of each year. 

 
11.3  ANALYSIS OF RPA 
 
This section presents NMFS’ rationale for concluding that with adoption of this RPA, 
Reclamation would avoid jeopardizing the listed species and adversely modifying their proposed 
and designated critical habitats.  This rationale is presented for the following species and critical 
habitats that NMFS concluded would be jeopardized or adversely modified by the proposed 
action: 

• Sacramento River winter-run and its designated critical habitat, 
• CV spring-run and its designated critical habitat, 
• CV steelhead and its designated critical habitat, 
• Southern DPS of green sturgeon and its proposed critical habitat, and  
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• Southern Resident killer whales. 
Each section summarizes the main stressors and the actions within the RPA that alleviate those 
stressors, both in the short-term and the long-term.  This analysis relies heavily on the tables 
presented for each species.  The supporting biological information for each action referenced in 
the table is contained in the “objective” and “rationale” sections for each action in the preceding 
section.  Each action of the RPA is linked to at least one main stressor for at least one species, 
identified in the effects analysis and the integration and synthesis sections of this Opinion.  Many 
RPA actions are designed to minimize adverse effects of project operations on multiple species 
and life stages.   

11.3.1  Sacramento River Winter-Run Chinook Salmon and its Designated Critical Habitat 
 
Throughout this Opinion, NMFS has explained that a species’ viability (and conversely 
extinction risk) is determined by the VSP parameters of spatial structure, diversity, abundance, 
and productivity.  In addition, NMFS has explained the need for the proper functioning of the 
PCEs that comprise the critical habitat designation.  In sections 9.1 and 9.2, NMFS summarized 
various project-related stressors that reduced the VSP parameters and the conservation value of 
PCEs.   
 
The winter-run ESU is currently at a high risk of extinction.  As described in the Status of the 
Species section of this Opinion, weaknesses in all four VSP parameters -- spatial structure, 
population size, population growth rate, and diversity  --  contribute to this risk.  In particular  (1) 
multiple populations of this ESU have been extirpated; the ESU now is composed of only one 
population, and this population has been blocked from all of its historical spawning habitat; (2) 
habitat destruction and modification throughout the mainstem Sacramento River have 
dramatically altered the ESU’s spatial structure and diversity; (3) the ESU is at risk from 
catastrophic events, considering the remaining population’s proximity to Mt. Lassen and its 
dependency on the cold water management of Shasta Reservoir;  (4) the population has a “high” 
hatchery influence (Lindley et al. 2007);  and (5) the population experienced an almost seven 
fold decrease in 2007.  In addition, many of the physical and biological features of critical habitat 
that are essential for the conservation of winter-run are currently impaired and provide limited 
habitat value. 
 
The proposed action increases the population’s extinction risk and continues to degrade the PCEs 
of critical habitat by adding numerous stressors to the species’ baseline stress regime, as is 
generally depicted in figure 9-4.  The RPA specifies many significant actions that will reduce the 
adverse effects of the proposed action on winter-run and its critical habitat.  Many of the RPA 
actions specifically address key project-related limiting factors or threats facing the ESU and its 
critical habitat, as described in the “Objectives” and “Rationale” parts of the actions.  Some of 
these factors are lack of passage to historical spawning habitat above Keswick and Shasta Dams, 
passage impediments (e.g., RBDD), degraded quantity and quality of the remaining habitat 
downstream of Keswick and Shasta Dams, and the entrainment influence of the Federal and state 
export facilities.  As shown in table 11-1, there is a need for both short-term and long-term 
actions, including: 
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• providing passage to and from historical habitat; 
• increasing Shasta reservoir storage to provide for temperature control and improve the 

quantity and quality of downstream habitat; 
• providing interim and long-term modifications to RBDD; 
• providing increased rearing habitat; 
• modifying operation of the DCC; and 
• implementing a revised decision process for Delta operations, including timing and 

amount of export reduction.. 
 
Implementation of some RPA actions will reduce the adverse effects of project operations on 
winter-run and its critical habitat immediately or in the near term. Other actions  will take longer 
to plan and implement, and will not provide needed results for many years.  We discuss the near-
term and long-term actions separately. 
 
Near Term 
 
In the near term, adverse effects of project operations to winter-run will be reduced primarily 
through the following measures: 
 

1) Modifications to Shasta reservoir management will result in more reliable provision of 
suitable water temperatures for spawning and egg incubation in the summer months.  The 
new year-round Shasta management program is expected to minimize frequency and 
duration of temperature related egg mortality in dry and critically dry years, thus 
reducing, though not eliminating, the population level stress of these temperature related 
mortalities.  The new Shasta program will allow for an expanded range of habitat suitable 
for spawning and egg incubation in wetter year types (i.e. through meeting downstream 
compliance points more often).  Over time, this will help to preserve diversity of run-
timing and decrease the risk of a single event in a localized area causing a population 
level effect.  Temperature related effects on winter-run will persist into the future, and 
cannot be fully off-set through Shasta reservoir storage actions, due to physical and 
hydrological constraints on the CVP system, and the delivery of water to non-
discretionary CVP contractors (e.g. Sacramento River Settlement Contractors).  Given a 
fixed supply of cold water in any given year starting in May, as an overall strategy, the 
RPA prioritizes temperature management in favor of winter-run due to their endangered 
status and complete dependence on suitable habitat downstream of Keswick for their 
continued survival.   

2) Interim operations of RBDD (until 2012)  will allow for significant increased passage of 
adult winter-run, a significant reduction in juvenile mortality associated with downstream 
passage, and elimination of emergency gate closures in early spring. 

3) Continuation of installation of fish screens that meet NMFS criteria along the Sacramento 
River and Delta thereby reducing entrainment of winter run juveniles throughout their 
migration path down the Sacramento river and through the Delta.; 

4) Additional closures of the DCC gates at key times of year triggered to winter-run needs, 
thereby will keep a greater percentage of winter-run emigrating through the northern 
Delta out to sea. 
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5) Old and Middle River reverse flow restrictions on combined exports in January through 
spring months, will significantly reduce winter-run juveniles that are drawn further into 
the Interior and Southern Delta, and therefore exposed to risks due to export facilities. 

6) Additional measures will reduce entrainment and improve efficiency of salvage 
operations at both the State and Federal export facilities.  Collectively, these measures 
will ensure that the winter-run that are exposed to the export facilities have a greater 
likelihood of survival. 

7) Overall, the interim RBDD, DCC gate operations, and OMR restrictions are timed to 
minimize adverse effects to a greater proportion of the entire winter-run life history run-
timing.  By ensuring the persistence in a greater proportion of run-timing, more diversity 
is preserved within the ESU.  This diversity of run-timing will ensure greater resiliency 
of the winter-run ESU to environmental changes.  For example, ocean conditions and the 
timing and duration of upwellings may play a significant role in the survival of any given 
cohort of winter-run.  However, modifying operations to allow for the expansion of ocean 
entry timing for winter-run will increase the probability that at least a portion of each 
cohort will enter the ocean when prey are readily available, thereby increasing the 
cohort’s survival.   

 
Long Term 
 
In addition to the continuation of near-term actions, long-term actions are necessary to avoid an 
appreciable reduction in survival and recovery of the species.  The long-term effects analysis for 
winter-run reveals that climate change and growth are likely to increase adverse effects 
especially associated with temperature related egg mortality on the Upper Sacramento River in 
the summertime.  A prolonged drought could result in extinction of the species by resulting in 
significant egg mortality for three years in a row.  In order to address the underlying issues of 
inadequate spatial structure and diversity and quality of critical habitat, and therefore, increased 
risk of extinction over the long-term, a passage program to provide for winter-run to access their 
historical habitat is necessary in order to avoid jeopardy.  Such a program has many unknowns, 
and therefore cannot be relied upon to produce results in the near-term.  In the long-term 
however, the RPA includes a structured passage program with pilot reintroductions, an 
interagency work team, and milestones and re-initiation triggers.  This structured program, while 
not guaranteed to be effective, greatly reduces the likelihood of an appreciable reduction to 
winter-run survival and recovery in the long-term due to on-going project operations by allowing 
access of a portion of the population to historical cold-water, high elevation habitat.  
Furthermore, there are some near-term benefits to the passage pilot reintroduction program, 
including immediate expansion of the geographical rang of the single population. 
 
In addition to upstream passage, the follow actions will minimize project effects in the long-term 
to the extent that the species is not jeopardized: 
1. The RPA specifies long-term RBDD gate configuration is gates out all year.  This will 

greatly reduce the significant losses associated with current and also the more modest losses 
associated with interim operations. 

2. The RPA ensures that the Battle Creek experimental winter-run re-introduction program will 
proceed in a timely fashion.  This Battle Creek program is critical in creating a second 
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population of winter-run.  This second population increases the species spatial structure and 
diversity and should increase growth rate and abundance over time as well. 

3. The RPA ensures that in the long-term, Salmonid rearing habitat actions in the lower 
Sacramento River and Northern Delta will minimize adverse effects of project operations on 
winter-run critical habitat in the long-term and off-set effects of ongoing flood control 
operations.  These habitat actions will increase the growth rates of individuals that utilize this 
habitat.  These fish are predicted to enter the estuary and ocean with a higher degree of 
fitness, and therefore, greater resiliency to withstand stochastic events in these later phases of 
their life history, thereby increasing the viability of the ESU and reducing the likelihood of 
appreciable reductions in the survival or recovery of the species. 

 
In conclusion, NMFS believes that if all parts of the RPA pertaining to Sacramento River winter-
run Chinook salmon are implemented, the RPA is not likely to reduce appreciably the likelihood 
of survival and recovery of winter-run or adversely modify its critical habitat, in either the near 
term or the long term.   
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Table 11-1.  Summary of actions to minimize or alleviate proposed action-related stressors on Sacramento River winter-run Chinook salmon and its 
designated critical habitat. 
 

Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Adult 
immigration and 
holding 

RBDD gate closures from May 
15 - Sept 15 every year until 
2019. 

~15 % of adults delayed in 
spawning, more energy 
consumed, greater pre-spawn 
mortality, less fecundity; 
continues every year until 2019. 
 

High Action I.3.2: RBDD 
Interim Operations. 

Action I.3.1: RBDD 
Operations After May 14, 
2012. 

Adult 
immigration and 
holding 

RBDD emergency 10 day gate 
closures prior to May 15 

Greater proportion of run 
blocked or delayed; sub lethal 
effects on eggs in fish and 
energy loss. 
 
These emergency gate closures 
have occurred twice in the past 
10 years and the frequency of 
occurrence may increase with 
climate change. 

High Action I.3.2: RBDD 
Interim Operations. 

Action I.3.1: RBDD 
Operations After May 14, 
2012. 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Spawning 
 
 

Reduced spawning area from 
moving TCP upstream in almost 
every year from April 15 to Sept 
30 

Introgression or hybridization 
with spring/fall-run/late fall-run 
Chinook salmon; loss of 
genetic integrity and expression 
of life history 
 
 
Density dependency - 
aggressive behavior among 
spawning fish could cause 
higher prespawn mortality, 
increased for suitable spawning 
sites, adults forced downstream 
into unsuitable areas 
 
 
Redd superimposition - 
spawning on top of other redds, 
destroys eggs 

High 
 
 
 
 
 
 
Medium - 
may 
increase as 
abundance 
increases 
 
 
 
 
 
Medium - 
may 
increase as 
abundance 
increases 

Spawning 
 

Water temperatures warmer than 
life history stage requirements 
below TCP, every year April 15 
-Sept 30) 

Prespawn mortality; reduced 
fecundity 

High 

Action I.2.1:  
Maintain suitable 
water temperatures 
for winter-run 
Chinook salmon. 
 
Action I.2.2:  
Maintain minimum 
Shasta Reservoir 
storage. 
 
Action I.2.3: 
February forecast and 
plan of operation for 
the Sacramento 
River. 
 
Action I.1.4:  
Improve and 
maintain 
effectiveness of the 
Spring Creek 
temperature control 
curtain. 
 
Action I.4: Wilkins 
Slough Operations 
 
Action V:  Fish 
Passage Program 
(Near-term actions) 

Continued 
implementation of Action 
I.2.1. 
 
Continue implementation 
of Action I.2.2. 
 
 
Continue implementation 
of Action I.2.3. 
 
 
Continue implementation 
of Action I.1.4. 
 
 
Continue implementation 
of Action I.4. 
 
 
Action V:  Fish Passage 
Program (Long-term 
actions) 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Embryo 
incubation 

Water temperatures warmer than 
life history stage requirements, 
every year from April 15 - Sept 
30.  (No carry-over storage 
target designed for fish 
protection is included in the 
proposed action.  Without such a 
target, the risk of running out of 
coldwater in Shasta Reservoir 
increases.) 

Egg mortality - 16 % in 
critically dry years and 
increases to 65% in critically 
dry years with climate change.  
On average, for all water year 
types, mortality is 5-12% with 
climate change and 2-3% 
without. 
 
56F is exceeded at Balls Ferry 
in 30% of the years in August 
and 55% of the years in 
September 
 
Sub-lethal effects, such as 
developmental instability and 
related structural asymmetry 
have been reported to occur to 
salmonids incubated at warm 
water temperatures (Turner et 
al. 2007, Myrick and Cech 
2001, Campbell et al. 1998).  
These sub-lethal effects 
decrease the chance of winter-
run to survive during 
subsequent life stages 
(Campbell et al. 1998).  
Campbell et al. (1998) 
concluded that chronic thermal 
stress produced both selectively 
lethal and sub-lethal effects that 
increased structural asymmetry 
and directly decreased salmon 
fitness. 

High Action I.2.1:  
Maintain suitable 
water temperatures 
for winter-run 
Chinook salmon. 
 
Action I.2.2:  
Maintain minimum 
Shasta Reservoir 
storage. 
 
Action I.2.3: 
February forecast and 
plan of operation for 
the Sacramento 
River. 
 
Action I.1.4:  
Improve and 
maintain 
effectiveness of the 
Spring Creek 
temperature control 
curtain. 
 
Action I.4: Wilkins 
Slough Operations 
 
Action V:  Fish 
Passage Program 
(Near-term actions) 

Continued 
implementation of Action 
I.2.1. 
 
Continue implementation 
of Action I.2.2. 
 
 
Continue implementation 
of Action I.2.3. 
 
 
Continue implementation 
of Action I.1.4. 
 
 
Continue implementation 
of Action I.4. 
 
 
Action V:  Fish Passage 
Program (Long-term 
actions) 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
and downstream 
movement 

RBDD passage downstream 
through dam gates May 15 - 
Sept 15 

Mortality as juveniles pass 
through Lake Red Bluff and 
RBDD reportedly ranges from 
5 to 50 %; delayed emigration. 
 
Based on passage estimates of 
when juveniles are present at 
RBDD (USFWS 1997-2007), 
approximately 10 % of winter-
run would be exposed to higher 
concentrations of predators 
when the gates are in (TCCA 
2008). 

High Action I.3.2: RBDD 
Interim Operations 

Action I.3.1: RBDD 
Operations After May 14, 
2012 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
and downstream 
movement 

Reduced quality of juvenile 
rearing habitat related to the 
formation of Lake Red Bluff 
when the RBDD gates are in. 

Delayed juvenile emigration, 
increased predation; change in 
riparian habitat, change in river 
conditions, change in food 
supply, every year since 1967 

High Action I.3.2: RBDD 
Interim Operations 
 
Action I.6.1:  
Restoration of 
floodplain rearing 
habitat. 
 
Action I.6.2:  
Implement near-term 
actions at Liberty 
Island/Lower Cache 
Slough and lower 
Yolo Bypass. 
 
Action I.6.3:  Lower 
Putah Creek 
enhancements. 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Action I.3.1: RBDD 
Operations After May 14, 
2012 
 
Continue implementation 
of Actions I.6.1, I.6.2, 
I.6.3, and I.6.4. 

Juvenile rearing 
and downstream 
movement 

Unscreened CVP diversions 
between Red Bluff and the Delta 

Entrainment High Action I.5: Funding 
for CVPIA 
anadromous fish 
screen program 

Continue implementation 
of Action I.5 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
 
 

Lack of channel forming flows 
and reversed natural flow pattern 
(high flows in summer, low 
flows in late fall/winter), 
modifies critical habitat, 
including impaired geomorphic 
process  

Loss of rearing habitat and 
riparian habitat and natural 
river function impaired (e.g., 
formation of side channels, 
sinuosity); loss of cottonwood 
recruitment impacting food 
availability, juveniles spend 
longer time in areas of poor 
water quality, greater predation, 
less growth from less food 
sources, greater stress reduces 
response to predators 

High Action I.6.1:  
Restoration of 
floodplain rearing 
habitat. 
 
Action I.6.2:  
Implement near-term 
actions at Liberty 
Island/Lower Cache 
Slough and lower 
Yolo Bypass. 
 
Action I.6.3:  Lower 
Putah Creek 
enhancements. 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Continue implementation 
of Actions I.6.1, I.6.2, 
I.6.3, and I.6.4. 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Smolt 
emigration 
 

Cumulative direct and indirect 
loss associated with export 
operations (DCC operations, loss 
in Delta interior, loss at export 
facilities, creation of artificial 
freshwater system, altered 
hydrodynamics). 

During dry and critical years in 
December and January, 
modeling estimates of monthly 
mortality of up to 
approximately 15 % of the total 
winter-run population entering 
the Delta at Freeport is 
associated with exports (Greene 
2008).   
 
Of those winter-run entering 
the interior of the Delta 
(through DCC or Georgiana 
Slough), mortality is estimated 
to be approximately 66 % 
(range of 35-90 % mortality).  
This equates to approximately 
5-20 % of the total population 
entering the Delta at Freeport. 
 
Anticipated delays in migration 
due to export operations. 

High Action IV.1.1: 
Monitoring and alerts 
to trigger changes in 
DCC operations. 
 
Action IV.1.2: DCC 
gate operation. 
 
Action IV.1.3: 
Engineering studies 
of methods to reduce 
loss of salmonids in 
Georgiana Slough 
and South Delta 
channels. 
 
Action IV.2.1: San 
Joaquin River inflow 
to export ratio. 
 
Action IV.2.2: Old 
and Middle River 
Flow Management. 
 
Action IV.3:  Reduce 
the likelihood of 
entrainment or 
salvage at the export 
facilities. 
 
Action IV.4.1: Tracy 
fish collection facility 
improvements. 
 
Action IV.4.2: 
Skinner fish 
collection facility 
improvements. 
 
Action IV.4.3:  
Additional 
improvements at 
Tracy and Skinner 

Continue implementation 
of Actions IV.1 through 
IV.6. 
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11.3.2  Central Valley Spring-Run Chinook Salmon and Its Designated Critical Habitat 
 
As previously stated in the Status of the Species section, the spring-run ESU is currently likely to 
become endangered within the foreseeable future due to multiple factors affecting spatial 
structure, diversity, productivity and abundance.  Specific factors include:  (1) the ESU currently  
has only three independent populations.  All three of these independent populations are in one 
diversity group, the Northern Sierra Nevada Diversity Group.   The other diversity groups 
contain dependent populations; (2) habitat elimination and modification throughout the Central 
Valley have drastically altered the ESU’s spatial structure and diversity; (3) the ESU has a risk 
associated with catastrophes, especially considering the remaining independent populations’ 
proximity to Mt. Lassen and the probability of a large scale wild fire occurring in those 
watersheds (Lindley et al. 2007), (4) the presence of dams precludes access to historical 
spawning areas and (5) for some populations, the genetic diversity of spring-run has been 
compromised by hybridization with fall-run.   
 
The effects of the proposed action and their affect on spring-run are contained in the sections of 
the Opinion on project effects and integration and synthesis.  The effects are presented for the 
Clear Creek population, the mainstem Sacramento River population and for the other populations 
that are effected by project operations, by diversity group.  Ultimately all spring-run  must 
migrate through the Delta and are affected by Delta operations.  The proposed action increases 
the extinction risk of spring-run and continues to degrade the PCEs of critical habitat by adding 
numerous stressors to the species’ baseline stress regime and reducing the viability of all extant 
spring-run populations, as is generally depicted in figure 9-4.  Throughout this Opinion, NMFS 
acknowledged that a species’ viability (and conversely extinction risk) is determined by the VSP 
parameters of spatial structure, diversity, abundance, and productivity.  In addition, NMFS 
acknowledged the need for the proper functioning of the PCEs that comprise the critical habitat 
designation.  In sections 9.3 and 9.4, NMFS summarized the various stressors that reduced the 
VSP parameters and conservation value of the PCEs.   
 
The RPA specifies actions that, in total, will minimize the adverse effects of the proposed action 
on spring-run individuals, populations and the ESU and bring about the proper functioning of 
PCEs of its critical habitat.  Many of the RPA actions, as described in their objectives and 
rationale, specifically address key limiting factors/threats facing the ESU and its critical habitat, 
for example, lack of passage to historic spawning habitat above Keswick and Shasta Dams, 
passage impediments (e.g., RBDD), degraded water quantity and quality of the habitat, and 
entrainment influence of the Federal and state export facilities.  Table 11-2 provides the linkage 
between specific project related stressors identified in the Opinion’s Integration and Synthesis, 
and the specific RPA actions necessary to minimize those stressors in both the near-term and the 
long-term.   All actions that address spring-run in the RPA are necessary to minimize project 
effects to the extent where they do not appreciably reduce the likelihood of survival and recovery 
of the ESU in the near-term and the long-term, or adversely modify spring-run critical habitat.  
This written analysis summarizes some of the most significant RPA actions that NMFS relied on 
in its analysis.    
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The RPA contains numerous actions that minimize project effects to critical habitat of spring-run 
in both the near-term and the long-term.  The rationales for the actions include specific PCEs 
addressed.  It is not technologically or physically feasible, or necessary, to remove all adverse 
effects of project operations on critical habitat.  These actions reduce adverse effects to the point 
where they no longer adversely modify critical habitat.  
 
Summary of RPA effects on Central Valley Spring-run Chinook Salmon in the Near-Term 
 
RPA actions that reduce adverse effects of project operations to spring-run and its critical habitat 
in the near-term include: 
 

1) Clear Creek actions will be implemented immediately and will significantly reduce 
project effects to spring-run by stabilizing that population and thereby increasing the 
likelihood of survival of that one population in the near-term.  Ensuring adequate flows to 
meet temperature requirements in most years, implementing new pulse flows to assist 
with adult migratory cues, and implementing geomorphic flows that will disperse 
restored spawning gravel all will minimize project effects to this population.  The Clear 
Creek population is important to the viability of the ESU as a whole because of its 
geographic location; ie, if it becomes an independent population it could considerably 
increase the viability of the ESU.  The actions in the RPA are not recovery actions per se, 
but they will ensure that ongoing project operations do not appreciably reduce the 
likelihood of recovery of this one population. 

 
2) Modifications to Shasta reservoir management will primarily reduce adverse effects on 

winter-run.  Effects of the year-round Shasta management program on spring-run are 
more difficult to predict and quantify.  The Shasta RPA will result in more carryover 
storage in some years, as compared to current operations, and therefore, increase ability 
to meet suitable spring-run spawning and egg incubation temperatures in the Fall in some 
years, depending on ambient weather conditions and the extent of the cold water pool in 
Shasta reservoir.  The new year-round Shasta management program is expected to 
minimize frequency and duration of temperature related egg mortality in dry and 
critically dry years, thus reducing, though not eliminating, the population level stress of 
these temperature related mortalities.  Temperature related effects on spring-run in the 
mainstem Sacramento River will persist into the future, and cannot be fully off-set 
through Shasta reservoir storage actions, due to physical and hydrological constraints on 
the CVP system, and the delivery of water to non-discretionary CVP contractors (e.g. 
Sacramento River Settlement Contractors).  Given a fixed supply of cold water in any 
given year starting in May, as an overall strategy, the RPA prioritizes temperature 
management in favor of winter-run due to their endangered status and complete 
dependence on suitable habitat downstream of Keswick for their continued survival.  
Despite continued significant project related temperature effects on mainstem spring run, 
the RPA, in total, does not appreciably reduce the likelihood of survival and recovery of 
spring-run ESU when all populations and diversity groups are considered. 
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3) Near-term improvements to Battle Creek through actions identified in the RPA are 
expected to expand the holding, spawning and rearing habitat for spring-run in Battle 
Creek.  It is difficult to predict the exact timing of Battle Creek projects, though funding 
has been secured and work is projected to start on the first phase in Summer 2009.  
NMFS finds that the Battle Creek program is reasonably likely to occur and contribute to 
the spring-run population in the long-run; however, these beneficial effects to the 
population may or may not occur in the near-term. 

 
4) Interim operations of RBDD (until 2012, or with an extension until 2013) will allow for 

significant increased passage of adult spring-run, and a significant reduction in juvenile 
mortality associated with downstream passage.  Extending the “gates out” operation from 
May 15th until June 15th will allow a very large additional portion of spring run to migrate 
unimpeded by the diversion dam.  This improved passage will increase the likelihood that 
these individuals will reach cold water pools necessary for summer holding life history in 
the near-term and will reduce effects of delayed passage on energy consumption and 
fecundity, thus improving the viability of populations above RBDD.  Near-term effects of 
interim gate operations on remaining spring-run that are delayed due to the June 15th 
closure of gates will be offset by passage improvement restoration projects implemented 
over the next few years..  Abundance, growth rate, and spatial structure are expected to 
increase with the implementation of the passage restoration projects on Mill, Deer, and 
Antelope creeks. 

 
5) Continuing installation of fish screens through the Anadromous Fish Screen Program 

along the Sacramento River and Delta will reduce juveniles entrainment of spring run 
throughout their migration path down the Sacramento river and through the Delta. 

 
6) All populations of spring-run within the ESU must migrate through the Delta.  Within the 

Delta, additional closures of the DCC gates at key times of year triggered to spring-run 
presence, will ensure that a greater percentage of spring-run emigrate through the 
northern Delta out to sea.  These fish will avoid adverse effects of predation, water 
quality and hydrology in the Interior and Southern Delta.   

 
7) Old and Middle River reverse flow restrictions on combined exports will significantly 

reduce project-related adverse effects on spring-run juveniles in January through June 
15th.  The OMR restrictions, triggered by spring-run (or their surrogates) in the salvage, 
will reduce the percentage of spring-run juveniles that are drawn further into the Interior 
and Southern Delta, and exposed to risks due to export facilities. 

 
8) Additional actions at both the State and Federal export facilities will reduce entrainment 

and improve efficiency of salvage operations.  Collectively, these measures will ensure 
that the spring-run that are exposed to the export facilities have a greater likelihood of 
survival.  

 
9) Overall, the interim RBDD, DCC gate operations, and OMR restrictions are timed to 

minimize adverse effects to a greater proportion of the entire spring-run life history run-
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timing.  By ensuring the persistence in a greater proportion of run-timing, more diversity 
is preserved within the ESU.  This diversity of run-timing will ensure greater resiliency 
of the spring-run ESU to environmental changes.  For example,, ocean conditions and the 
timing and duration of upwellings may play a significant role in the survival of any given 
cohort of spring-run.  However, modifying operations to allow for the expansion of ocean 
entry timing for spring-run will increase the probability that at least a portion of each 
cohort will enter the ocean when prey are readily available, thereby increasing the 
cohort’s survival.   

 
Summary of RPA effects on Central Valley Spring-run Chinook Salmon in the Long Term 
 
The analysis in the Opinion demonstrates that long-term actions are needed, especially 
considering continued effects of climate change and increasing water demands due to growth.  In 
addition to a continuation of near-term actions described above, RPA actions that reduce adverse 
effects of project operations to spring-run and its critical habitat in the long-term include: 
 

1) Additional actions that will minimize project-related effects to the Clear Creek 
population in the long-term include: replacing the Whiskytown temperature control 
curtain and adaptively managing to habitat suitability/IFIM study results. 

 
2) In the long-term, improvements to Battle Creek through actions identified in the RPA 

are predicted to significantly improve spring-run habitat and off-set project-related 
effects on the mainstem population by creating a stable population in Battle Creek.   

 
 
3) Starting in 2013, RBDD will be operated in the “gates out” formation all year.  This 

operation will allow for unimpeded spring-run migration upstream and downstream of 
the diversion dam.   

 
4) Salmonid rearing habitat actions in the lower Sacramento River and Northern Delta will 

minimize adverse effects of project operations on spring-run critical habitat in the long-
term and off-set effects of ongoing flood control operations.  These habitat actions will 
increase the growth rates of individuals that utilize this habitat.  These fish are predicted 
to enter the estuary and ocean with a higher degree of fitness, and therefore, greater 
resiliency to withstand stochastic events in these later phases of their life history.  
Because all populations of spring-run migrate through this area, a portion of all 
populations will be likely to benefit from these rearing actions, thereby increasing the 
viability of the ESU and reducing the likelihood of appreciable reductions in the 
survival or recovery of the species. 

 
 
5) In the long-run, in consideration of climate change, and in order to improve the 

likelihood of withstanding adverse effects associated with prolonged drought, the 
passage program will improve the diversity and spatial structure of the ESU by 
reintroducing spring-run to their historical habitat above Shasta reservoir.  There is 
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uncertainty associated with the likelihood of this action succeeding.  This consultation 
must take a long-term view, given the 21 year time horizon.  Within the long-term 
view, it is likely that advances in technologies and experimental procedures will 
increase the likelihood of success of this action.  In addition, the quality of much of the 
habitat above Shasta reservoir is in relatively pristine condition, improving the 
likelihood of success.  The RPA includes a reinitiation trigger in the event that passage 
is deemed to be infeasible.  There are also some near-term benefits associated with the 
pilot reintroduction program, including immediate expansion of the geographic range of 
the species. 

 
In summary, with full implementation of the RPA, NMFS expects that the RPA will result in 
minimizing project related effects to the level where these effects do not appreciably reduce the 
likelihood of survival or recovery of spring-run, or adversely modify its critical habitat.   
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Table 11-2.  Summary of actions to minimize or alleviate proposed action-related stressors on Central Valley spring-run Chinook salmon and its 
designated critical habitat.  The table is organized by life stage then by the number of populations affected by a particular stressor.  Acronyms for 
diversity groups are as follows: NWC – Northwestern California; BPL – Basalt and Porous Lava; NSN – Northern Sierra Nevada.  

Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Adult 
immigration and 
holding 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle  

RBDD gate 
closures from 
May 15 – Sept. 15 
(plus 10 days in 
April) delaying 
adult immigration 

~70 % of the spring-run that 
spawn upstream of RBDD are 
delayed by approximately 20 
days on average, more energy 
consumed, greater pre-spawn 
mortality, less fecundity 

High Action I.3.2: RBDD 
Interim Operations 

Action I.3.1: RBDD 
Operations After 
May 14, 2012 

Adult 
immigration and 
holding 

NWC: Clear Water 
temperatures 
warmer than life 
history stage 
requirements 
during summer 
holding period 

Water temp control to Igo; 
possibly some pre-spawn 
mortality in critically dry years 
when not enough cold water in 
Whiskeytown Lake 

High Action I.1.5:  Clear 
Creek Thermal Stress 
Reduction. 

Continue 
implementation of 
Action I.1.5.   

Adult 
immigration and 
holding 

NWC: Clear Spring flows with 
little variability.  
Low summer 
flows ( 50 cfs), 
when b2 is 
unavailable 

Limited cues for upstream 
migration resulting from spring 
flows with little variation.  With 
low summer flows, Adults are 
impeded from accessing 
upstream holding areas. 

High Action I.1.1.  Spring 
Attraction Flows 

Continue 
implementation of 
Action I.1.1 

Spawning NWC: Clear Loss of spawning 
gravel below 
Whiskeytown 
Dam – limited 
spawning habitat 
availability 

Reduced spawning areas; 
spawning success diminishes 

High Action I.1.3:  Clear 
Creek spawning 
gravel augmentation 

Continue 
implementation of 
Action I.1.3 

Spawning NWC: Clear Low summer 
flows ( 50 cfs), 
when b2 is 
unavailable 

Adults spawn further 
downstream in less suitable 
conditions (i.e., in areas with 
relatively warm water temps.) 

High Action I.1.6:  
Adaptively manage 
to Clear Creek habitat 
suitability/IFIM study 
results. 

Continue 
implementation of 
Action I.1.6 
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Embryo 
incubation 

NWC: Clear Water 
temperatures 
warmer than life 
history stage 
requirements in 
September only 
for fish that 
spawn below TCP 
(Igo) 

Mortality varies with exceedance 
rate and number of redds; loss of 
some portion of those eggs; 
reduced chance of survival for 
fry 

High Action I.1.5:  Clear 
Creek Thermal Stress 
Reduction 

Continue 
implementation of 
Action I.1.5:   
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Embryo 
incubation 

BPL: 
Sacramento 

Water 
temperatures 
warmer than life 
history stage 
requirements, 
during September 
and October 

Under near-term operations 
(Study 7.1) mortality is expected 
to range from approximately 9% 
in wet years up to approximately 
66 % in critically dry years, with 
an average of approximately 21 
% over all water year types; 
under modeled climate change 
projections, average egg 
mortality over all water year 
types is expected to be 50 % and 
during the driest 15 % of years is 
expected to be 95 %.  Sub-lethal 
effects, such as developmental 
instability and related structural 
asymmetry have been reported 
to occur to salmonids incubated 
at warm water temperatures 
(Turner et al. 2007, Myrick and 
Cech 2001, Campbell et al. 
1998).  These sub-lethal effects 
decrease the chance of spring-
run to survive during subsequent 
life stages (Campbell et al. 
1998).  Campbell et al. (1998) 
concluded that chronic thermal 
stress produced both selectively 
lethal and sub-lethal effects that 
increased structural asymmetry 
and directly decreased salmon 
fitness. 

High Action Suite I.2:  
Shasta operations. 
 
 
Action I.1.4:  Spring 
Creek temperature 
control curtain. 
 
Action I.4: Wilkins 
Slough Operations 
 
Action V:  Fish 
Passage Program 
(Near-term actions) 

Continued 
implementation of 
Action suite I.2. 
 
 
 
 
 
Continue 
implementation of 
Action I.1.4. 
 
 
 
Continue 
implementation of 
Action I.4. 
 
 
 
Action V:  Fish 
Passage Program 
(Long-term actions) 
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
 
 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

RBDD passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 10 
days in April 
during 
emergencies 

Mortality as juveniles pass 
through Lake Red Bluff and 
RBDD reportedly ranges from 5 
to 50%; delayed emigration. 
 
Based on passage estimates of 
when juveniles are present at 
RBDD (USFWS 1997-2007), 
approximately 5 % of the spring-
run ESU spawned above RBDD 
would be exposed to higher 
concentrations of predators when 
the gates are in (TCCA 2008). 

High Action I.3.2: RBDD 
Interim Operations 

Action I.3.1: RBDD 
Operations After 
May 14, 2012 
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
 
 

NWC:  
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

Lake Red Bluff, 
river impounded 
May15 - Sept 15, 
plus 10 days in 
April during 
emergencies 

Delayed juvenile emigration, 
increased predation; change in 
riparian habitat, change in river 
conditions, change in food 
supply, every year since 1967 

High Action I.3.2: RBDD 
Interim Operations 
 
Action I.6.1:  
Restoration of 
floodplain rearing 
habitat. 
 
Action I.6.2:  
Implement near-term 
actions at Liberty 
Island/Lower Cache 
Slough and lower 
Yolo Bypass. 
 
Action I.6.3:  Lower 
Putah Creek 
enhancements. 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Action I.3.1: No later 
than May 2012, 
Reclamation shall 
operate RBDD with 
gates out all year 
 
Continue 
implementation of 
Actions I.6.1, I.6.2, 
I.6.3, and I.6.4. 

Juvenile rearing 
 
 

All diversity 
groups and 
populations 

Unscreened CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High Action I.5:  
Funding for CVPIA 
Anadromous Fish 
Screen Program 
 

Continue 
implementation of 
Action I.5 
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
 
 

All diversity 
groups and 
populations 

Lack of channel 
forming flows in 
the Sacramento 
River and 
reversed natural 
flow pattern (high 
flows in summer, 
low flows in late 
fall/winter), 
modifies critical 
habitat, including 
impaired 
geomorphic 
process. 

Flow regulation (proposed 
Project stressor) and levee 
construction and maintenance 
(baseline stressor) alter 
ecological processes that 
generate and maintain the 
natural, dynamic ecosystem.  
This loss of natural river 
function has reduced the quality 
and quantity of rearing and 
migratory habitats (Stillwater 
Sciences 2007), thereby 
reducing juvenile growth and 
survival. 

High Action I.6.1:  
Restoration of 
floodplain rearing 
habitat. 
 
Action I.6.2:  
Implement near-term 
actions at Liberty 
Island/Lower Cache 
Slough and lower 
Yolo Bypass. 
 
Action I.6.3:  Lower 
Putah Creek 
enhancements. 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Continue 
implementation of 
Actions I.6.1, I.6.2, 
I.6.3, and I.6.4. 



 694

Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Smolt 
emigration 

All diversity 
groups and 
populations 

Cumulative direct 
and indirect loss 
associated with 
export operations 
(DCC operations, 
loss in Delta 
interior, loss at 
export facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamics) 

Project-related mortality is 
significant. 
Of the spring-run entering the 
interior of the Delta (through 
DCC or Georgiana Slough), 
mortality is estimated to be 
approximately 66 % (range of 
35-90 % mortality) (Brandes and 
McClain 2001; Newman 2008; 
Perry and Skalski 2008). 

High  Action IV.1.1: 
Monitoring and alerts 
to trigger changes in 
DCC operations. 
 
Action IV.1.2: DCC 
gate operation. 
 
Action IV.1.3: 
Engineering studies 
of methods to reduce 
loss of Salmonids in 
Georgiana Slough 
and South Delta 
channels. 
 
Action IV.2.1: San 
Joaquin River inflow 
to export ratio. 
 
Action IV.2.2: Old 
and Middle River 
Flow Management. 
 
Action IV.3:  Reduce 
the likelihood of 
entrainment or 
salvage at the export 
facilities. 
 
Action IV.4.1: Tracy 
fish collection facility 
improvements. 
 
Action IV.4.2: 
Skinner fish 
collection facility 
improvements. 
 
Action IV.4.3:  
Additional 
improvements at 
Tracy and Skinner 

Continue 
implementation of 
Actions IV.1 through 
IV. 6. 
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11.3.3  Central Valley Steelhead and Its Designated Critical Habitat 
 
The proposed action increases the extinction risk of CV steelhead and continues to degrade the 
PCEs of critical habitat by adding numerous stressors to the species’ baseline stress regime and 
reducing the viability of all of the extant CV steelhead populations in the CVP-controlled rivers 
(Clear Creek, Sacramento River, American River, and Stanislaus River) and the Delta.  
Throughout this Opinion, NMFS acknowledged that a species’ viability (and conversely 
extinction risk) is determined by the VSP parameters of spatial structure, diversity, abundance, 
and productivity.  In addition, NMFS acknowledged the need for the proper functioning of the 
PCEs that comprise the critical habitat designation.  In sections 9.5 and 9.6, NMFS summarized 
the various stressors that reduced the VSP parameters and conservation value of the PCEs.  In 
general, warm water temperatures and low flows, loss of natural river function and floodplain 
connectivity through levee construction, direct loss of floodplain and riparian habitat, loss of 
tidal wetland habitat, a collapsed pelagic community in the Delta, and poor water quality 
associated with agricultural, urban, and industrial land use have caused fitness reductions and 
degraded the PCEs of critical habitat in the past.  The proposed action is expected to continue to 
degrade the VSP parameters and conservation value of the PCEs, and the effects of climate 
change and increased water demand in the future are expected to exacerbate conditions that 
reduce the long-term viability of CV steelhead. 
 
The RPA specifies actions that, in total, will minimize the adverse effects of the proposed action 
on steelhead individuals, populations and the DPS and bring about the proper functioning of 
PCEs of its critical habitat.  Many of the RPA actions, as described in their objectives and 
rationale, specifically address key limiting factors/threats facing the DPS and its critical habitat, 
for example, lack of passage to historic spawning habitat above Keswick and Shasta Dams, and 
Nimbus and Folsom Dams, and New Melones, Dam, passage impediments (e.g., RBDD), 
degraded water quantity and quality of the habitat, hatchery fish compromising the genetic 
integrity of natural CV steelhead and entrainment influence of the Federal and state export 
facilities.  Table 11-3 provides the linkage between specific project related stressors identified in 
the Opinion’s Integration and Synthesis, and the specific RPA actions necessary to minimize 
those stressors in both the near-term and the long-term.   All actions that address CV steelhead in 
the RPA are necessary to minimize project effects to the extent where they do not appreciably 
reduce the likelihood of survival and recovery of the DPS in the near-term and the long-term, or 
adversely modify CV steelhead critical habitat.  This written analysis summarizes some of the 
most significant RPA actions that NMFS relied on in its analysis. 
 
As show in table 11-3, the RPA acknowledges the need for both short-term and long-term 
actions, including: 
 

• providing safe passage to and from historical habitat; 
• improving the quantity and quality of habitat in all of the CVP-controlled streams 

through water releases; 
• providing interim and long-term modifications to RBDD; 
• providing increased rearing habitat; 
• modifying the operation of the DCC; and 
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• implementing a revised decision process for Delta operations, including reduced exports. 
 
The anticipated improvements to CV steelhead and its critical habitat are expected to begin 
immediately through implementation of various actions, and continue to increase over the term 
of this Opinion (through year 2030) with the implementation of the longer-term actions.  While 
implementation of the RPA will occur during the term of this Opinion, its full effects on 
population metrics (e.g., spatial structure, diversity, abundance, productivity) and the PCEs of 
critical habitat will occur over a considerable period of time after implementation.  Therefore, 
NMFS expects the project operations, as modified by the RPA, to minimize effects to critical 
habitat so that it is not adversely modified. 
 
In the near term, the provision of more cold water throughout the species’ upstream migration, 
rearing, holding, and incubation period are expected to increase in-river production.  RPA 
actions that address flow maintenance and stabilization will minimize redd dewatering and 
scouring, and stranding.  Juveniles will be afforded more rearing habitat during their freshwater 
residency by reducing the inundation duration of Lake Red Bluff, and expanding access to 
rearing habitat within the Yolo Bypass and other areas within the Sacramento River Basin, in 
both the near-term and long-term.  Modified operations of RBDD will provide unimpeded 
passage for more of the upstream spawning migration season of the upper Sacramento River and 
its tributaries populations.  More smolts are expected to outmigrate into the Pacific Ocean as 
operations of the CVP and SWP are modified to reduce entrainment and mortality.  Specifically, 
requirements in Actions Suite IV.2 will significantly increase the survival of CV steelhead 
smolts outmigrating from the San Joaquin River basin.   
 
Overall, the interim RBDD, DCC gate operations, and OMR restrictions are timed to minimize 
adverse effects to a greater proportion of the entire steelhead life history run-timing.  By ensuring 
the persistence in a greater proportion of run-timing, more diversity is preserved within the DPS.  
This diversity of run-timing will ensure greater resiliency of the CV steelhead DPS to 
environmental changes, for example, changed productivity in the ocean.  
 
In the long-term, in addition to the continuation of the near-term actions, CV steelhead will be 
afforded the opportunity to spawn and rear in historical habitat upstream of Nimbus and Folsom 
Dams.  Access to this historical habitat will provide steelhead with cold water temperatures 
necessary for increased spawning, incubation, and rearing success, especially in consideration of 
the environmental effects of climate change.   Such a program has many unknowns, and 
therefore cannot be expected to immediately abate all up-river stressors in the near-term, 
although some near term benefits will occur, such as immediate improvements in the geographic 
distribution of the population to historic habitats, which would reduce jeopardizing risks to the 
ESU faced by individuals that remain below project dams.  In the long-term however, the RPA 
includes a structured passage program with pilot reintroductions.  Additionally, alternatives to 
the proposed fish passage actions may also be proposed by Reclamation and the Fish Passage 
Steering Committee, in the event that the proposed actions are determined to not be technically 
or biologically feasible, and provided they are capable of meeting similar performance standards 
in terms of population distribution with Diversity Groups, and viability according the parameters 
described in Lindley et al. (2007). 
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The long-term operation of RBDD will provide unimpeded passage opportunities for adults and 
juveniles, and reduce competition and predation from other salmonid species. 
 
The genetic diversity of the CV steelhead DPS is compromised through hatchery operations, 
including those at Nimbus.  Through preparation and implementation of a HGMP, in the long-
term, genetic diversity of CV steelhead will increase, thereby increasing the viability of the DPS. 
 
An important aspect of the RPA analysis for steelhead concerns the status of the Southern Sierra 
Diversity Group, which is critical to preserving spatial structure of the DPS.  This diversity 
group, consisting of extant populations in the Calaveras, Stanislaus, Tuolumne, Merced and 
Mainstem San Joaquin rivers, is very unstable due to the poor status of each population.  This 
status is due to both project-related and non-project related (baseline) stressors.  In the near-term, 
a new flow schedule for the Stanislaus River and interim actions to increase flows at Vernalis 
and curtail exports will allow greater out-migration cues and survival of smolts past the state and 
federal export facilities.  In the long-term, additional actions through additional flow to export 
ratios in the southern Delta, and channel forming flows and gravel augmentations in the 
Stanislaus river will further reduce project-related adverse-effects to this diversity group.  Due to 
uncertainty in the flow to export ratio, the RPA six year acoustic tag experiment, which can be 
combined with experimental barrier technologies, will significantly enhance our knowledge base 
for future consultations and refinements of this RPA action.  Ultimately, our analysis is clear that 
the long-term viability of this diversity group will depend not only on implementation of this 
RPA, but also on actions outside this consultation, most significantly increasing flows in the 
Tuolumne and Merced rivers.   The State Water Resources Control Board has made establishing 
additional flows in these rivers a priority and intends to take action within the near-term.  A 
future CVP/SWP operations consultation that will be triggered by implementation of San 
Joaquin Restoration Program flows will also provide further opportunities to update and refine 
actions critical to this diversity group. 
 
In summary, with full implementation of the RPA, NMFS expects the adverse effects of project 
operations will be minimized to the point where the likelihood of survival and recovery of the 
DPS is not appreciably reduced and its designated critical habitat is not adversely modified.  



 698

Table 11-3.  Summary of actions to minimize or alleviate proposed action-related stressors to Central Valley steelhead and its designated critical 
habitat.  The table is organized by life stage then by the number of populations affected by a particular stressor.  Acronyms for diversity groups are as 
follows: NWC – Northwestern California; BPL – Basalt and Porous Lava; NSN – Northern Sierra Nevada; SSN – Southern Sierra Nevada.  
Life Stage/ 

Habitat 
Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Adult 
immigration 
and holding 

NWC: 
Cottonwood
/ 
Beegum, 
Clear; BPL: 
Sacramento, 
Battle 

RBDD gate 
closures from May 
15 – Sept. 15 (plus 
10 days in April) 
delaying adult 
immigration 

17 % of those that spawn above RBDD, 
delayed in spawning, more energy 
consumed, greater pre-spawn mortality, 
less fecundity 

High Action I.3.2: 
RBDD interim 
Operations 

Action I.3.1: RBDD 
operations after May 14, 
2012 

Adult 
immigration 
and holding 

NWC: Clear Water 
temperatures 
warmer than life 
history stage 
requirement for 
migration possible 
in lower reach near 
confluence with 
Sacramento River 
during August and 
September 

Some adults may not enter mouth of 
Clear Creek, 1) delayed run timing, 2) 
seek other tributaries, 3) spawn in 
mainstem Sacramento R.; reduced in 
vivo egg viability 

Low- except 
for critically 
dry years 

Action I.1.5:  Clear 
Creek thermal 
stress reduction 

Continue implementation 
of Action I.1.5:   

Adult 
immigration 
 
 

SSN: 
Stanislaus 
River 

Exposure to 
stressful water 
temperatures from 
the Delta to 
Riverbank during 
adult immigration 

Delayed entry into river (CDFG 
2007a);  pre-spawn mortality; reduced 
condition factor 

Medium Action III.1.1:  
Establish 
Stanislaus 
Operations group 
 
Action III.1.2: 
Stanislaus River 
temperature 
management 

Continue implementation 
of Actions III.1.1 and 
III.1.2 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Spawning NWC: Clear Loss of spawning 
gravel below 
Whiskeytown 
Dam – limited 
spawning habitat 
availability 

Limited areas of suitable spawning 
sites.  Spawning in sub-optimal habitat 

Medium - 
but could be 
high without 
continued 
gravel 
augmentatio
n 

Action I.1.3:  Clear 
Creek spawning 
gravel 
augmentation 

Continue implementation 
of Action I.1.3 

Spawning 
 
 

NSN: 
American 
River 

Folsom/Nimbus 
releases – flow 
fluctuations in the 
American River 
resulting in redd 
dewatering 

Redd dewatering and isolation 
prohibiting successful completion of 
spawning 

Medium Action II.1:  Lower 
American River 
flow management, 
particularly 
management 
following the ARG 
process 

Continue implementation 
of Action II..1 

Spawning 
 
 

NSN: 
American 
River; BPL: 
Sacramento; 
and 
potentially 
all other 
populations 
within the 
NWC, NSN, 
and BPL 
diversity 
groups 

Nimbus Hatchery 
O. mykiss 
spawning with 
natural-origin 
steelhead in the 
American River 
and in other CV 
streams 

Reduced genetic fitness of CV 
steelhead through the spread of Eel 
River genes and potentially hatchery 
rainbow trout genes to many below-
barrier sites (Garza and Pearse 2008).   

High Action II.6.1:  
Preparation of 
hatchery genetic 
management plan 
for steelhead 
 
Action II.6.2: 
Interim actions 
prior to submittal 
of draft HGMP for 
steelhead 

Continue implementation 
of Actions II.6.1 and 
II.6.2 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Spawning 
 
 

SSN: 
Stanislaus 
River 

Unsuitable flows 
in the Stanislaus 
River restrict 
spawnable habitat 
and dewater redds 

Limited spawning habitat availability 
according to Aceituno (1993).   
 
Instream flows typically drop in 
January from higher December levels 
when San Joaquin River water quality 
objectives are met.  This increases the 
risk for redd dewatering and direct egg 
mortality. 

High Action III.1.1:  
Establish 
Stanislaus 
operations group 
 
Action III.1.3:  
Stanislaus River 
temperature 
management 

Continue implementation 
of Actions III.1.1 and 
III.1.3 

Spawning 
 
 

SSN: 
Stanislaus 
River 

Excessive fines in 
spawning gravel 
resulting from lack 
of overbank flow 
 
 

Reduced suitable spawning habitat; For 
individual: increased energy cost to 
attempt to "clean" excess fine material 
from spawning site 
 
Fine material deposited in gravel beds 
because of lack of overbank flow to 
inundate floodplain and deposit fine 
material on floodplain, instead of in 
river (Kondolf et al. 2001). 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 

Continue implementation 
of Action III.2.2 

Embryo 
incubation 
 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures in the 
American River 
during embryo 
incubation 

Sub-lethal effects - reduced early life 
stage viability; direct mortality; 
restriction of life history diversity (i.e., 
directional selection against eggs 
deposited in Mar. and Apr.) 

Medium Action II.3:  Make 
structural 
improvements to 
improve cold water 
management 
 
Action V:  Fish 
passage program 
(Near-term actions) 

Continue implementation 
of Action II.3 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 

Egg 
incubation 
and 
emergence 
 
 

SSN: 
Stanislaus 
River 

Excessive fines in 
spawning gravel 
resulting from lack 
of overbank flow 
 

Egg mortality from lack of interstitial 
flow; egg mortality from smothering by 
nest-building activities of other 
steelhead or fall-run; suppressed 
growth rates 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 

Continue implementation 
of Action III.2.2 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Egg 
incubation 
and 
emergence 
 

SSN: 
Stanislaus 
River 

Exposure to 
stressful water 
temperatures in the 
Stanislaus River 
during egg 
incubation and 
emergence 

Egg mortality, especially for eggs 
spawned in or after March; Embryonic 
deformities (Deas et al. 2008)  
 
Temperatures may be operationally 
managed, depending on year type 

Medium Action III.1.1:  
Establish 
Stanislaus 
operations group 
 
Action III.1.2:  
Stanislaus River 
temperature 
management 
 
 

Continue implementation 
of Actions III.1.1 and 
III.1.2 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 

Juvenile 
rearing 
 

BPL: 
Sacramento 
River 

Provision of higher 
flows and cooler 
water temps during 
the summer than 
occurred prior to 
the construction of 
Shasta Dam 

Potential fitness advantage for resident 
O.mykiss over the anadromous form, 
which would drive an evolutionary 
(i.e., genetic) change if life history 
strategy is heritable (Lindley et al. 
2007).   

High Action V:  Fish 
passage program 
(Near-term actions) 

Action V:  Fish passage 
program (Long-term 
actions) 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing 
 
 

NWC: 
Cottonwood
/ 
Beegum, 
Clear; BPL: 
Sacramento, 
Battle 

Lake Red Bluff, 
river impounded 
May15 - Sept 15, 
plus 10 days in 
April during 
emergencies 

Reduction in rearing habitat quality and 
quantity; delayed juvenile emigration, 
increased predation; change in riparian 
habitat, change in river conditions, 
change in food supply, every year since 
1967 

High Action I.3.2: 
RBDD interim 
operations 
 
Action I.6.1:  
Restoration of 
floodplain rearing 
habitat 
 
Action I.6.2:  
Implement near-
term actions at 
Liberty 
Island/Lower 
Cache Slough and 
lower Yolo Bypass 
 
Action I.6.3:  
Lower Putah Creek 
enhancements 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Action I.3.1: RBDD 
operations after May 14, 
2012 
 
Continue implementation 
of Actions I.6.1, I.6.2, 
I.6.3, and I.6.4 

Juvenile 
rearing 
 
 

All diversity 
groups and 
populations 

Unscreened CVP 
diversions between 
Red Bluff and the 
Delta 

Entrainment High Action I.5:  
Funding for 
CVPIA 
Anadromous Fish 
Screen Program 
 

Continue implementation 
of Action I.5 



 703

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing 
 
 

All diversity 
groups and 
populations, 
excluding 
the SSN 
diversity 
group 

Lack of channel 
forming flows in 
the Sacramento 
River and reversed 
natural flow 
pattern (high flows 
in summer, low 
flows in late 
fall/winter), 
modifies critical 
habitat, including 
impaired 
geomorphic 
process. 

Flow regulation (proposed Project 
stressor) and levee construction and 
maintenance (baseline stressor) alter 
ecological processes that generate and 
maintain the natural, dynamic 
ecosystem.  This loss of natural river 
function has reduced the quality and 
quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), 
thereby reducing juvenile growth and 
survival. 

High Action I.6.1:  
Restoration of 
floodplain rearing 
habitat 
 
Action I.6.2:  
Implement near-
term actions at 
Liberty 
Island/Lower 
Cache Slough and 
lower Yolo Bypass 
 
Action I.6.3:  
Lower Putah Creek 
enhancements 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 
 

Continue implementation 
of Actions I.6.1, I.6.2, 
I.6.3, and I.6.4 
 
 
 
 
 
 
 
 
 
 
 

Juvenile 
rearing 
 
 

NWC: Clear 
Creek 

Exposure to 
stressful water 
temperatures in 
Clear Creek during 
juvenile rearing 

Limited over-summering habitat, 
reduced growth, increased 
susceptibility to disease and predation 

High Action I.1.5:  Clear 
Creek thermal 
stress reduction 

Continue implementation 
of Action I.1.5 

Juvenile 
rearing 
 
 

NWC: Clear 
Creek 

Limited rearing 
habitat availability 
in Clear Creek 
resulting from low 
summer flows (< 
80 cfs) 

Limited rearing habitat availability; less 
food, reduced growth,  increased 
predation risk 

High Action I.1.6:  
Adaptively manage 
to habitat 
suitability/IFIM 
study results 

Continue implementation 
of Action I.1.6 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing 
 
 

NSN: 
American 
River 

Folsom/Nimbus 
releases resulting 
in flow 
fluctuations; low 
flows 

Fry stranding and juvenile isolation - 
observations of juvenile steelhead 
isolation in the American River were 
made in both 2003 and 2004 (Water 
Forum 2005a).  Low flows limiting the 
availability of quality rearing habitat 
including predator refuge habitat 

High Action II.4:  
Minimize lower 
American River 
flow fluctuation 
effects 

Continue implementation 
of Action II.4 

Juvenile 
rearing 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures in the 
American River 
during juvenile 
rearing 

Physiological effects - increased 
susceptibility to disease (e.g., anal vent 
inflammation) and predation.  Visible 
symptoms of thermal stress in juvenile 
steelhead are associated with exposure 
to daily mean water temperatures above 
65°F (Water Forum 2005a).  With the 
exception of 2005, from 1999 through 
2007, daily mean water temperatures at 
Watt Avenue from August through 
September were warmer than 65°F for 
approximately 81 percent of the days, 
and during 2001, 2002, 2004, 2006, and 
2007, water temperatures were often 
over 68°F (figure 30a).  Under a drier 
and warmer climate change scenario 
(Study 9.5), modeled water 
temperatures at Watt Avenue from June 
through September under full build out 
of the proposed Project range from 
65°F to 82°F (Reclamation 2009).  
Even if no regional climate change is 
assumed (Study 9.1), water 
temperatures at this location during this 
time period are expected to range from 
63°F to 79°F.   

High Action II.2:  Lower 
American River 
temperature 
management 
 
Action II.3:  Make 
structural 
improvements to 
improve 
management 
 
Action V:  Fish 
passage program 
(Near-term actions) 

Continue implementation 
of Actions II.2 and II.3 
 
 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing 
 
 

SSN: 
Stanislaus 
River 

Lack of overbank 
flow in the 
Stanislaus River to 
inundate rearing 
habitat 

Reduced food supply; suppressed 
growth rates; starvation; loss to 
predation; poor energetics; indirect 
stress effects, smaller size at time of 
emigration; 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 
 
Action V:  Fish 
passage program 
(Near-term actions) 

Continue implementation 
of Action III.2.2 
 
 
 
 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 

Juvenile 
rearing 
 
 

SSN: 
Stanislaus 
River 

Reduction in 
rearing habitat 
complexity in the 
Stanislaus River 
due to reduction in 
channel forming 
flows 

Reduced food supply; suppressed 
growth rates; starvation; loss to 
predation; poor energetics; indirect 
stress effects, smaller size at time of 
emigration; 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 
 
 

Continue implementation 
of Action III.2.2 
 
 
 
 
 
 

Juvenile 
rearing 
 
 

SSN: 
Stanislaus 
River 

Unsuitable flows 
in the Stanislaus 
River for 
maintaining 
juvenile rearing 
habitat 

Crowding and density dependent 
effects relating to reduced habitat 
availability. Metabolic stress; 
starvation; loss to predation;  indirect 
stress effects, poor growth; 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 
 
Action III.1.3: 
Stanislaus River 
flow management 

Continue implementation 
of Actions III.2.2 and 
III.1.3 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing and 
downstream 
movement 
 

SSN: 
Stanislaus 
River 

Predation in the 
Stanislaus River 
by non-native fish 
predators because 
rearing habitat is 
lacking 

Juvenile mortality; Reduced juvenile 
production 

High  Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 
 
Action III.1.3: 
Stanislaus River 
flow management  
 
Action III.2.3:  
Implement 
predation reduction 
projects 

Continue implementation 
of Actions III.2.2, III.1.3, 
and III.2.3 

Juvenile 
rearing 
 

SSN: 
Stanislaus 
River 

Exposure to 
stressful water 
temperatures in the 
Stanislaus River at 
the end of summer 
affecting rearing 
habitat 

Metabolic stress; starvation; loss to 
predation;  indirect stress effects, poor 
growth; 

High Action III.1.1:  
Establish 
Stanislaus 
operations group 
 
Action III.1.2: 
Stanislaus River 
temperature 
management 
 
 

Continue implementation 
of Actions III.1.1 and 
III.1.2 
 
 
 
 
 

Smolt 
emigration 
 
 

SSN: 
Stanislaus 
River 

Water 
temperatures 
warmer than life 
history stage  (Mar 
- June) 

Missing triggers to elect anadromous 
life history;  failure to escape river 
before temperatures rise at lower river 
reaches and in Delta; thermal stress; 

High Action III.1.1:  
Establish 
Stanislaus 
operations group 
 
Action III.1.3:  
Stanislaus River 
flow management 
) 

Continue implementation 
of Actions III.1.1 and 
III.1.3 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Smolt 
emigration 
 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures in the 
American River 
during smolt 
emigration 

Physiological effects – reduced ability 
to successfully complete the 
smoltification process, increased 
susceptibility to predation 

Medium Action II.3:  Make 
structural 
improvements to 
improve cold water 
management 
 
Action V:  Fish 
passage program 
(Near-term actions) 

Continue implementation 
of Action II.3 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 

Smolt 
emigration 
 
 

SSN: 
Stanislaus 
River 

Water 
temperatures 
warmer than life 
history stage  (Mar 
- June) 

Missing triggers to elect anadromous 
life history;  failure to escape river 
before temperatures rise at lower river 
reaches and in Delta; thermal stress; 

High Action III.1.1:  
Establish 
Stanislaus 
operations group  
 
Action III.1.2:  
Stanislaus River 
temperature 
management 
 
 

Continue implementation 
of Action III.1.1 and 
III.1.2 
 
 
 
 
 

Smolt 
emigration 
 
 

SSN: 
Stanislaus 
River 

Suboptimal flow in 
the Stanislaus 
River 
(March – June) 

Failure to escape river before 
temperatures rise at lower river reaches 
and in Delta; thermal stress; 
misdirection through Delta leading to 
increased residence time and higher 
risk of predation 

High Action III.1.3:  
Stanislaus River 
flow management 

Continue implementation 
of Action III.1.3 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Smolt 
emigration 

All diversity 
groups and 
populations  

 Cumulative direct 
and indirect loss 
associated with 
export operations 
(DCC operations, 
loss in Delta 
interior, loss at 
export facilities, 
creation of 
artificial 
freshwater system, 
altered 
hydrodynamics) 

Substantial mortality to steelhead from 
all diversity groups. 
 
Based on VAMP studies of fall-run, 
mortality ranges from 90 – 99 % from 
San Joaquin River release points to 
Chipps Island (SJRGA 2006).  Similar 
results are assumed for steelhead, as 
shown through the CCF studies 
showing similar loss rates between 
steelhead and Chinook salmon (DWR 
2008). 

High  Action IV.1.1: 
Monitoring and 
alerts to trigger 
changes in DCC 
operations 
 
Action IV.1.2: 
DCC gate 
operation 
 
Action IV.1.3: 
Engineering studies 
of methods to 
reduce loss of 
Salmonids in 
Georgiana Slough 
and South Delta 
channels 
 
Action IV.2.1: San 
Joaquin River 
inflow to export 
ratio 
 
Action IV.2.2: Old 
and Middle River 
Flow Management 
 
Action IV.3:  
Reduce the 
likelihood of 
entrainment or 
salvage at the 
export facilities 
 
Action IV.4.1: 
Tracy fish 
collection facility 
improvements 
 
Action IV.4.2: 
Skinner fish 
collection facility 

Continue implementation 
of Actions IV.1 through 
IV.6 
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11.3.4  Southern DPS of Green Sturgeon and Its Proposed Critical Habitat 
 
The Southern DPS of green sturgeon is at substantial risk to future population declines (Adams 
et al. 2007).  The potential threats faced by the green sturgeon include enhanced vulnerability 
due to the reduction of spawning habitat into one concentrated area on the Sacramento River, 
habitat elimination and modification in the mainstem Sacramento River and Delta, lack of good 
empirical population data, vulnerability of long-term cold water supply for egg incubation and 
larval survival, and loss of juvenile green sturgeon due to entrainment Federal and State export 
facilities in the South Delta.  In addition, many of the physical and biological features of critical 
habitat that are essential for the conservation of the Southern DPS of green sturgeon are currently 
impaired, and provide limited conservation value.  The proposed action increases the 
population’s extinction risk and continues to degrade the PCEs of their proposed critical habitat 
by adding numerous stressors to the species’ baseline stress regime.  Throughout this Opinion, 
NMFS acknowledged that a species’ viability (and conversely extinction risk) is determined by 
the VSP parameters of spatial structure, diversity, abundance, and productivity.  In addition, 
NMFS acknowledged the need for the proper functioning of the PCEs that comprise the 
proposed critical habitat.  In sections 9.7 and 9.8, NMFS summarized various stressors that 
reduced the VSP parameters and conservation value of the PCEs.   
 
The RPA specifies many significant actions that will reduce the adverse effects of the proposed 
action on Southern DPS of green sturgeon and bring about the proper functioning of PCEs of its 
proposed critical habitat.  Many of the RPA actions, as described in their objectives and 
rationale, specifically address key limiting factors/threats facing the DPS and its proposed 
critical habitat, for example, passage impediments, degraded water quantity and quality of the 
remaining habitat downstream of Keswick and Shasta Dams, and entrainment influence of the 
Federal and state export facilities.  Table 11-4 provides the linkage between specific project 
related stressors identified in the Opinion’s Integration and Synthesis, and the specific RPA 
actions necessary to minimize those stressors in both the near-term and the long-term.   All 
actions that address the Southern DPS of green sturgeon in the RPA are necessary to minimize 
project effects to the extent where they do not appreciably reduce the likelihood of survival and 
recovery of the DPS in the near-term and the long-term, or adversely modify proposed critical 
habitat.  This written analysis summarizes some of the most significant RPA actions that NMFS 
relied on in its analysis. 
 
As show in table 11-4, the RPA acknowledges the need for both short-term and long-term 
actions, including: 

• increasing Shasta reservoir storage to provide for temperature control and improve the 
quantity and quality of downstream habitat; 

• providing interim and long-term modifications to RBDD to providing safe passage to 
and from spawning habitat; 

• implementing studies on Southern DPS of green sturgeon population size, and life 
history and habitat needs in the short-term to improve management of the species and 
their habitat in the long-term; 

• providing increased rearing habitat; 
• modifying the operation of the DCC; and 
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• implementing a revised decision process for Delta operations, including reduced exports. 
 
Minimization of adverse effects of project operations on the Southern DPS of green sturgeon and 
its proposed critical habitat are expected to begin immediately through implementation of 
various actions, and continue to increase over the term of this Opinion (through year 2030) with 
the implementation of the longer-term actions.  While implementation of the RPA will occur 
during the term of this Opinion, its full effects on population metrics (e.g., spatial structure, 
diversity, abundance, productivity) and the PCEs of critical habitat will occur over a 
considerable period of time after implementation.  In the near term, precluding an emergency 
gate closure, delaying the gate closure until June 15th, and increasing the height of gate openings 
at RBDD will immediately minimize a significant portion of the adverse effects of RBDD on 
green sturgeon.  An increase in survival of spawning adults, and the availability of more cold 
water that will provide more spawning habitat in more favorable spawning and embryo 
incubation temperature ranges, will likely result in an increased growth rate and diversity of the 
population in the long run.  Also in the near-term, actions within the Delta will reduce the 
influence of the Federal and State export facilities, increase survival of juveniles by keeping 
them within the mainstem Sacramento River, and reduce entrainment and mortality.   
 
In the long term, in addition to the continuation of the near-term actions, adverse effects of 
project operations will be further minimized with unimpeded passage opportunities for adults 
and juveniles at RBDD, and reduced competition and predation.  Results from the near-term 
studies will aid in the management and recovery of the species and their proposed critical habitat 
on the long-term. 
 
In summary, with full implementation of the RPA, NMFS expects that on-going project effects 
on Southern DPS of green sturgeon and its proposed critical habitat will be minimized to the 
extent the survival and recovery are not appreciably reduced, and critical habitat is not adversely 
modified.   
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Table 11-4.  Summary of actions to minimize or alleviate proposed action-related stressors to the Southern DPS of green sturgeon and its proposed 
critical habitat. 

Life 
Stage/Habita

t Type 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action to 
Minimize/Alleviate Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 
Adult 
immigration 
and holding 

RBDD gate 
closures 
from May 
15 - Sept 15 
every year 
and 
emergency 
10-day gate 
closures 
delaying 
adult 
immigration. 

Passage blocked, 55 miles of spawning 
habitat made inaccessible upstream of 
RBDD after May 15.  Large aggregations 
(25-30) of mature adults observed below 
RBDD gates.  Estimate 30 % of run 
blocked based on run timing. Also, 
mortalities associated with downstream 
passage under gates post-spawn, or after 
fish move above gates. Mortality greater 
on larger, more fecund females that can 
not fit through 18” opening 
 
 
Greater proportion of run blocked or 
delayed (40 -50%) based on run timing; 
Greater mortalities associated with 
downstream passage under gates post 
spawn, or after moving above gates, sub 
lethal effects on eggs in fish and energy 
loss. Occurred twice in the past 10 years, 
but the frequency of occurrence may 
increase with climate change 

High Action I.3.2: RBDD interim 
operations 
 
Action I.3.3.  RBDD interim 
operations for Green Sturgeon 
 
Action I.3.4:  Measures to 
compensate for adverse effects of 
RBDD interim operations on green 
sturgeon 

Action I.3.1:  RBDD 
operations after May, 
2012 
 
Continue 
implementation of 
Action I.3.4 

Spawning RBDD Unnatural spawning site created below 
RBDD, portion of run (only one in CV) 
spawning in water 2 feet deep, channel 
aggradation below hydraulics from gates, 
eggs suffocate, physiological effects, 
delayed hatch, greater predation on eggs 
due to accumulation of predators below 
RBDD. 

High Action I.3.2: RBDD interim 
operations 
 
Action I.3.3.  RBDD interim 
operations for Green Sturgeon 
 
Action I.3.4:  Measures to 
compensate for adverse effects of 
RBDD interim operations on green 
sturgeon 

Action I.3.1:  RBDD 
operations after May, 
2012 
 
Continue 
implementation of 
Action I.3.4 
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Life 
Stage/Habita

t Type 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action to 
Minimize/Alleviate Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 
Embryo 
incubation 
 
 

Water 
temperatures 
warmer than 
life history 
stage 
requirement
s below 
Hamilton 
City. 

For eggs and fry that are spawned in areas 
from RBDD to Hamilton City water 
quality is less suitable than above RBDD 
where temperatures are controlled for 
winter-run.  Eggs suffocate from less 
flow, physiological effects, delayed hatch, 
greater predation on eggs due to presence 
of non-native introduced warm-water 
species. 

Medium Action I.2.1:  Maintain suitable water 
temperatures for Southern DPS of 
green sturgeon. 
 
Action I.2.2:  Maintain minimum 
Shasta Reservoir storage. 
 
Action I.2.3:  February forecast and 
plan of operation. 

Continued 
implementation of 
Action I.2.1. 
 
Continued 
implementation of 
Action I.2.2. 
 
Continued 
implementation of 
Action I.2.3. 
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Life 
Stage/Habita

t Type 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action to 
Minimize/Alleviate Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 
Juvenile 
rearing 

Increased 
juvenile 
mortality 
related to 
emigration 
when RBDD 
Dam gates 
are in (i.e., 
May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies
) 
 
 
 
 
 
 
Reduced 
quality of 
juvenile 
rearing 
habitat 
related to the 
formation of 
Lake Red 
Bluff when 
the RBDD 
gates are in. 

Based on passage estimates of when 
juveniles are present at RBDD (USFWS 
1997-2007), approximately 100 % of the 
green sturgeon DPS that is spawned 
above RBDD would be exposed to higher 
concentrations of predators when the 
gates are in (TCCA 2008).  
Approximately 70 % of the entire green 
sturgeon DPS spawns above RBDD. 
 
Mortality of juvenile salmon emigrating 
past RBDD when the gates are in ranges 
from 5 -50 % (Vogel et al. 1988; Tucker 
1998); mortality of juvenile green 
sturgeon emigrating past RBDD has not 
been estimated, but is expected to 
increase when the gates are in. 
 
 
 
Reduction in rearing habitat quality and 
quantity; increased predation; change in 
riparian habitat, change in river 
conditions, change in food supply, every 
year since 1967. 

High 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
High 

Action I.3.2: RBDD interim 
operations 
 
Action I.3.3.  RBDD interim 
operations for Green Sturgeon 
 
Action I.3.4:  Measures to 
compensate for adverse effects of 
RBDD interim operations on green 
sturgeon 

Action I.3.1:  RBDD 
operations after May, 
2012 
 
Continue 
implementation of 
Action I.3.4 

Juvenile 
rearing 

Unscreened 
CVP 
diversions  

Entrainment High Action I.5:  
Funding for CVPIA Anadromous 
Fish Screen Program 
 

Continue 
implementation of 
Action I.5 



 
 714

Life 
Stage/Habita

t Type 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action to 
Minimize/Alleviate Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 
Juvenile and 
subadult 
 
 

Loss at 
export 
facilitiest 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Impaired 
movements 
through 
South Delta 
waterways 
due to 
temporary 
barriers or 
permanent 
gates 

Entrainment of fish at the CVP and SWP 
in every month of the year.  Louvers 
function well for larger fish but are 
inefficient for smaller fish.  Fish behavior 
may make them susceptible to the 
cleaning practices of louvers. In louver 
studies, fish position themselves in front 
of the bottom edge of the louver along the 
channel bottom, where they held position 
for prolonged periods of time. 
 
 
Presence of green sturgeon juveniles and 
subadults in the South Delta as confirmed 
by salvage records.  Presence occurs 
during operational season of barriers 
(April through November).  Closure of 
waterways by temporary barriers or 
permanent gates inhibits movement of 
green sturgeon through these waterways.  
Fish located upstream of barriers are 
potentially trapped or delayed in their 
movements downstream by structures. 

Unknown 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Unknown 
 
 

 Action IV.1.1: Monitoring and alerts 
to trigger changes in DCC operations 
 
Action IV.1.2: DCC gate operation 
 
Action IV.1.3: Engineering studies of 
methods to reduce loss of Salmonids 
in Georgiana Slough and South Delta 
channels 
 
Action IV.2.2: Old and Middle River 
flow management 
 
Action IV.3:  Reduce the likelihood 
of entrainment or salvage at the 
export facilities 
 
Action IV.4.1: Tracy fish collection 
facility improvements 
 
Action IV.4.2: Skinner fish collection 
facility improvements. 
 
Action IV.4.3:  Additional 
improvements at Tracy and Skinner 
fish collection facilities 
 
Action IV. 6: Formation of Delta 
operations for salmon and sturgeon 
technical working group 
 
Action IV.6: South Delta 
improvement program – phase I 

Continue 
implementation of 
Actions IV.1 through 
IV.6 
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11.3.5  Southern Resident Killer Whales 
 
NMFS evaluated effects of the proposed action on Southern Residents by evaluating effects on 
the availability of their preferred prey, Chinook salmon.  NMFS considered effects on both listed 
and non-listed Chinook salmon.  With respect to the listed winter-run and spring-run ESUs, the 
proposed action is likely to appreciably reduce the survival and recovery of the listed entities and 
conservation value of their designated critical habitat, which would increase their risk of 
extinction in the long term.  If these stocks were to become extinct, there would be an increased 
likelihood of localized killer whale prey depletions on the Pacific coast.   
 
As described in sections 11.3.1 and 11.3.2, full implementation of the RPA is expected to reduce 
adverse effects of project operations on ESA-listed winter-run and spring-run and their 
designated critical habitats to the point where there is not an appreciable reduction in the 
likelihood of survival or recovery or an adverse modification of critical habitat.    NMFS 
anticipates that implementation of RPA actions will decrease the risk of extinction of winter-run 
and spring-run in the long-term, reducing the risk of localized prey depletions and thereby 
increasing the prey available to Southern Residents.   
 
NMFS also considered effects of the proposed action on non-listed Chinook salmon that are 
available to Southern Residents (section 6.8.1.2.2).  As discussed in section 6.8.1.2, we 
quantified effects of hatchery production and project operations on non-listed Chinook salmon 
available to Southern Residents.  Hatchery programs included in the proposed action produce 
more Chinook salmon than are killed in project operations.  However, artificial propagation can 
have harmful effects on the long-term fitness of salmon populations, and the current hatchery 
practices at Nimbus and Trinity River fish hatcheries are diminishing the long-term viability of 
these non-listed stocks over the long term.  The proposed action did not identify time lines for 
reforming harmful hatchery practices that affect these stocks.   
 
RPA Action Suite II.6 calls for development of hatchery management plans for fall-run at 
Nimbus Fish Hatchery and spring-run and fall-run at Trinity River Fish Hatchery, by June 2014.  
New hatchery management will be subject to future section 7 consultations and/or the 4(d) 
HGMP process.  NMFS anticipates that implementing these RPA actions will provide long-range 
planning to reduce impacts of hatchery operations on natural fall-run and spring-run, increase the 
genetic diversity and diversity of run-timing for these stocks, and increase the likelihood that 
these stocks are retained as prey available to Southern Resident killer whales in the long term.  
Improving the genetic diversity and diversity of run timing of CV fall-run will decrease the 
potential for localized prey depletions and increase the likelihood that fall-run can withstand 
stochastic events, such as poor ocean conditions. 
 
Many RPA actions intended to avoid jeopardy to listed winter-run and spring-run, or adverse 
modification of their critical habitat, are also expected to reduce adverse effects of the action on 
the short- and long-term abundance and the long-term viability of non-listed fall-run and late-fall 
run. The immediate cause of the recent fall-run decline is most likely a result of ocean conditions 
(Lindley et al. 2009).  However, freshwater impacts and hatchery programs most likely 
contributed to the collapse (Lindley et al. 2009).  The RPA actions address many of the 
freshwater impacts identified in Lindley et al. (2009).  NMFS expects that these actions would 



reduce adverse impacts of the project in all years, under all hydrologic conditions.   The actions 
include: 
 

1)  After 2012, there will be unrestricted up-stream and down-stream passage at RBDD. The 
interim measure of gates out on September 1 allows an additional 14 days unimpeded 
passage for adult fall-run. 

 
2) A continued investment in fish screens along the Sacramento River and in the Delta 

would reduce entrainment of juvenile fall-run/late fall-run in unscreened diversions. 
 

3) Improved rearing habitat in both the short-term and long-term in the Delta and lower 
Sacramento River (Liberty Island/Cache Slough) will improve juvenile fall-run survival. 

 
4) Increased closures of DCC gates from October through January will reduce the 

percentage of juvenile outmigrants that enter the Interior Delta and are then subject to 
both direct and indirect mortality. 

 
5) Additional Old and Middle River flow restrictions from January through June will reduce 

exposure of fall-run and late fall-run juveniles to export facilities and increase survival 
for fall-run leaving the San Joaquin River. 

 
6) Improvements in salvage procedures at the Delta fish facilities will lead to higher 

survival of juveniles that enter the facilities and are subjected to the salvage process. 
 

7) In the long term, implementation of fall-run hatchery management plans at Nimbus and 
Trinity River Hatcheries will increase genetic diversity of fall-run.  

 
8) Increased gravel augmentation on Clear Creek and the Stanislaus River will increase 

spawning and rearing habitat for listed and non-listed salmonids. 
 

9) Improved flows on Clear Creek, Stanislaus River, and the American River will enhance 
fall-run spawning and maintain spatial diversity between races. 

 
10) Improved water temperature control on the Sacramento River, Clear Creek, American 

River, and Stanislaus River will provide more suitable habitat for Chinook salmon. 
 

11) Greater storage levels in the fall for temperature control will improve temperatures for 
fall-run, as well as winter-run and spring-run. 

 
12) Replacement of the Spring Creek temperature control curtain will provide cooler water 

temperatures to the Sacramento River in the fall. 
 

13) Implementation of spring-run passage improvement projects (i.e., mitigation for RBDD 
impacts) in the Sacramento River basin will improve fall-run passage and access to 
greater spawning and rearing habitat. 
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14) Improvements in San Joaquin River flows at Vernalis will not only improve survival of 
juvenile steelhead but fall-run as well 

 
15) Export reductions based on fish densities at the fish salvage facilities will improve 

survival of non-listed salmonids, since they are similar in size at length. 
 

16) Fish passage above project dams, although not intended for non-listed fish species, will 
benefit EFH by providing spatial and temporal separation between runs, thereby 
improving the genetic structure and space available for fall-run spawning (reduced 
competition, and introgression). 

 
17) Restoration of Battle Creek is expected to improve EFH for fall-run as well as listed 

species. 
 

18) Improvements in fish passage at flood control weirs will reduce stranding of both adult 
and juvenile non-listed salmonids and sturgeon. 

 
19) Greater monitoring and reporting requirements for listed species will improve 

management of non-listed species as well. 
 

20) A 6-year acoustical tag study of juvenile salmonids in the San Joaquin River and Delta 
will improve understanding of fall-run biological requirements. 

 
The following actions in the RPA are expected to decrease the abundance of fall-run and late 
fall- run to some extent and may reduce viability in the long term: 

1)  Temperature control management for winter-run during the summer in the upper 
Sacramento River can reduce or eliminate the cold water available for fall-run spawning 
and egg incubation in September and October, most likely in dry or critically dry years.  
The RPA includes a new year-round program for temperature management at Shasta 
Reservoir, including requirements for carryover storage, and water temperatures until 
October 31.  The new temperature regime will lead to more frequent End of September 
storage levels that will support cold water releases for spring-run and fall-run in 
September and October, thereby reducing the adverse effects of temperatures on fall-run 
and late fall-run as compared to the proposed action.    

 
2) Temperature control management for steelhead on the American River during the 

summer can reduce the cold water pool available in October and November. 
 

3) Segregation weirs on Clear Creek to reduce introgression with spring-run reduce habitat 
available for fall-run spawning. 

 
4) Removal of the middle fish ladder at RBDD for green sturgeon to facilitate additional 18 

inch gate opening delays passage of fall-run. 
 

5) Wilkins Slough minimum flows in September and October to preserve cold water storage 
in Shasta Reservoir can delay upstream migration. 
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Effects numbered 3 through 5 are expected to occur in all years, during all hydrologic conditions; 
however, the effects, which include delayed arrival at spawning grounds or less available 
spawning habitat, are not anticipated to be severe enough to cause mortality of adult spawners.  
Additionally, RBDD will be removed in approximately three years, after which effects numbered 
4 will not occur, and the dam removal will reduce adverse effects on fall-run thereafter.   
 
Temperature control effects numbered 1 and 2 are expected to occur only during critically dry 
years, which represent less than 10 percent of historic years modeled and up to 25 percent of 
future years, based on a potential climate change scenario of dry, warming conditions (Study 8.0, 
2030 Level of Development).  These effects are expected to result in prespawn and early life-
stage mortalities for fall-run in the mainstem Sacramento River and American River.   In up to 
25 percent of future years, temperature control effects numbered 1 and 2 could result in a 
reduction in future production of fall-run.  In critically dry years, up to 8 percent of the 
Sacramento River population and up to 14 percent of the American River population could 
experience pre-spawn or egg mortality (Oppenheim 2009).  A loss of 8 to13 percent future 
production from natural spawners in the mainstem Sacramento River and American River, 
respectively, would be a small reduction in the overall number of adult fish available to the 
whales from this stock, which is dominated by hatchery produced fish.  The RPA is designed to 
conserve storage and will, therefore, improve the likelihood that sufficient cold water will remain 
in the fall, and the upper estimate of impacts will not be realized.  Some impacts from 
temperature are likely to occur with or without the RPA, because they are linked to hydrologic 
factors, such as drought and climate variation.   
 
The RPA will generally reduce adverse effects of project operation on naturally- spawning fall-
run and late-fall run by improving adult passage and increasing juvenile survival.  
Implementation of fall-run hatchery management plans at Nimbus and Trinity River fish 
hatcheries will increase genetic diversity of fall-run.  Increased diversity will decrease the 
potential for localized prey depletions and increase the likelihood that fall-run can withstand 
stochastic events, such as poor ocean conditions, and thereby provide a consistent food source in 
years with overall poor productivity.  In some years temperature control actions may result in 
reductions in future production of fall-run in the Sacramento and American rivers; however, the 
aggregate of the RPA actions will reduce overall adverse effects of project operations to a level 
that is not likely to imperil this prey source . 
 
In sum, the RPA is not likely to result in an increased extinction risk of winter-run and spring-
run, and it is not likely to imperil the long-term viability of fall-run. Consequently, project 
operations under the RPA are not likely to result in local depletions of killer whale prey that 
could appreciably reduce the whales’ likelihood of survival and recovery. Therefore, NMFS 
concludes that the RPA will not jeopardize the continued existence of Southern Resident killer 
whales. 
 
11.3.6  Economic and Technological Feasibility of the RPA 
 
When developing an RPA, NMFS is required by regulation to devise an RPA that is 
“economically and technologically feasible” in addition to avoiding jeopardy and adverse 
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modification.  These feasibility concerns were discussed and addressed in many ways throughout 
the period of November 2008 through May 2009, during the course of the consultation.  During 
this period, NMFS developed an initial RPA by December 11, 2009, revised that RPA in 
response to feedback from the two science panels and DWR, Reclamation, CDFG, and USFWS.  
NMFS developed a second draft RPA by March 3, 2009, and revised that draft in response to 
additional feedback from the agencies prior to providing the final action.  Some of the more 
complex RPA actions, including Shasta Storage, Habitat Rearing Actions, Passage Program, 
Stanislaus Flows and the San Joaquin River Inflow Export Ratio, went through many iterations 
of review, re-drafting, and refinement, involving interagency staff and management expertise, 
including biology, ecology, hydrology, and operations, in order to ensure that the actions were 
based on best available science, would be effective in avoiding jeopardy, and would be feasible 
to implement.   NMFS also secured outside contractual services to provide additional modeling 
expertise in evaluating draft RPA actions. 
 
Examples of Feasibility Concerns in RPA Actions 
 
As a result of this iterative consultation process, NMFS considered economic and technological 
feasibility in several ways when developing the CVP/SWP operations RPA.  Examples include: 
 

1)  Providing reasonable time to develop technologically feasible alternatives where none 
are “ready to go” – e.g., the Delta engineering action (Action IV.1.3), and lower 
Sacramento River rearing habitat action (Action I.6.1); 

 
2) Calling for a stepped approach to fish passage at dams, including studies and pilot 

projects, prior to a significant commitment of resources to build a ladder or invest in a 
permanent trap and haul program.  A reinitiation trigger is built into this action in the 
event passage is not deemed feasible, prior to construction of permanent infrastructure; 

 
3) Considering limitations of the overall capacity of CVP/SWP systems of reservoirs in 

determining feasibility of flow actions below reservoirs, and considering the hydrologic 
record and CALSIM modeling results (Shasta/Sacramento River, Folsom/American 
River, New Melones/Stanislaus River). 

 
4) Tiering actions to water year type and/or storage in order  to conserve storage at 

reservoirs and not unduly impact water supplies during drought (e.g., see appendix 5); 
 

5) Providing health and safety exceptions for export curtailments;  
 

6) Using monitoring for species presence to initiate actions when biologically supported and 
most needed, in order to limit the duration of export curtailments; 

 
7) Incorporating scientific uncertainty into the design of the action, when appropriate, in 

order to refine the action over time (e.g., 6-year acoustic tag study for San Joaquin 
steelhead). 
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8) Incorporating performance goals into more complex actions (for example, Shasta storage, 
rearing habitat and San Joaquin acoustic tag study).  A performance goal approach will 
allow for adaptation of the action over time to incorporate the most up-to-date thinking 
on cost-effective technologies or operations. 

 
9) Allowing for interim, further constrained, water deliveries to TCCA through modified 

RBDD operations for 3 years, while an alternative pumping plant is being built. 
 
The RPA includes collaborative research to enhance scientific understanding of the species and 
ecosystem, and to adapt actions to new scientific knowledge.  This adaptive structure is 
important, given the long-term nature of the consultation and the scientific uncertainty inherent 
in a highly variable system.  Monitoring and adaptive management are both built into many of 
the individual actions and are the subject of an annual program review.  This annual program 
review will provide for additional opportunities to address any unforeseen concerns about RPA 
feasibility that may arise. 
 
The rationale statements for individual actions explain more specific reasoning, and the 
administrative record contains specific hydrology and modeling results in support of the more 
complex actions (e.g., Shasta and San Joaquin storage/flows).   
 
Water Supply Costs and Projected Impacts  
 
NMFS examined water supply costs of the RPA as one aspect of considering economic 
feasibility.  While only costs to the action agency are considered in determining whether a RPA 
meets the regulatory requirement of economic feasibility, NMFS is mindful of potential social 
and economic costs to the people and communities that historically have depended on the Delta 
for their water supply.  Any water supply impact is undesirable.  NMFS made many attempts 
through the iterative consultation process to avoid developing RPA actions that would result in 
high water costs, while still providing for the survival and recovery of listed species.  
 
NMFS estimates the water costs associated with the RPA to be 5-7% of average annual 
combined exports: 5% for CVP, or 130 TAF/year, and 7% for SWP, or 200 TAF/year39.  The 
combined estimated annual average export curtailment is 330 TAF/year.  These estimates are 
over and above export curtailments associated with the USFWS’ Smelt Opinion.  The OMR 
restrictions in both Opinions tend to result in export curtailments of similar quantities at similar 
times of year.  Therefore, in general, these 330 TAF export curtailments are associated with the 
NMFS San Joaquin River Ratio actions in the RPA.   
 
NMFS also considered that there may be additional localized water costs not associated with 
South Delta exports.  These may include, in some years, localized water shortages necessitating 
groundwater use, water conservation measures, or other infrastructure improvements in the New 
Melones service area, and localized impacts in the North of Delta in some years, associated with 

                                                 
39 The proportional share between the CVP and SWP is attributable to CalLite programming and 
may not represent the true share of export reductions that would be allocated to each facility 
under actual conditions. 
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curtailments of fall deliveries used for rice decomposition.  NMFS considered whether it was 
feasible to model and estimate any water costs associated with the Shasta or American River 
RPA actions, and discussed this issue with Reclamation.  In general, it was decided that 
modeling tools were not available to assess these costs and/or that costs would be highly variable 
depending on adaptive management actions, and therefore, not meaningful to model. 
 
To assess the economic feasibility associated with average annual water costs of 330 TAF, 
NMFS reviewed CVP/SWP project wide and statewide information regarding water availability.  
NMFS considered the following information as background to economic feasibility.  This 
information is provided by the State Legislative Analyst’s Office (California’s Water: An LAO 
Primer, October 2008): 
 

1) “The federal government has developed the most surface storage capacity in the state 
with over 17 MAF of capacity in ten reservoirs on multiple river systems.  These 
reservoirs generally are part of the federal Central Valley Project (CVP), which serves 
about 3.1 million people, and provides irrigation water to over 2.6 million acres of land. 
The largest reservoir in the system is Shasta Lake with 4.6 MAF of capacity.  The state, 
as part of the development of SWP, built Oroville Dam and reservoir on the Feather 
River system with a capacity of 3.5 MAF. The SWP provides all or part of the drinking 
water supply for 23 million people and provides irrigation water to about 755,000 acres 
of land.”  

2) “The federal government, through the Bureau of Reclamation, holds the most (in volume) 
water rights in the state with over 112 MAF of water held, mainly for delivery through 
the federal CVP. Second to this are the water rights held by the Imperial Irrigation 
District (44 MAF), serving mainly farms in the Colorado River region. Two private gas 
and electric companies hold rights to over 41 MAF of water collectively, mainly for 
hydroelectric power. The state, through DWR, holds rights to about 31 MAF of water.” 
 

3) “Water dedicated for environmental uses, including instream flows, wild and scenic 
flows, required Sacramento-San Joaquin River Delta (the Delta) outflow, and managed 
wetlands use, declines substantially between wet and dry years—a 62 percent reduction.  
Available water supplied to agricultural and urban users actually increases in dry years. 
From wet to dry years, urban use increases by 10 percent and agricultural use increases 
by 20 percent. The main reason for this increase is the need in dry years for more 
developed water for agricultural irrigation and residential landscaping.” 

 
4) “Agricultural use of water is significant. California agriculture uses roughly 30 MAF of 

water a year on 9.6 million acres. California’s vast water infrastructure— including the 
development of the State Water Project, Central Valley Project, and Colorado River, as 
well as local and regional groundwater supply projects—was developed to provide water 
for irrigation (among other purposes), with agriculture using about 80 percent of 
California’s developed water supply.” (LAO, 2008) 

 
NMFS also considered information on relative deliveries of water in the state, including Figure 8 
from Blue Ribbon Task Force Delta Vision report, and Figure 10 from the same report, showing 
the relative importance of Delta exports relative to other sources of water supplies (taken from 
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DWR 2005 California Water Plan Update).  To assess the relative impact of export reductions on 
Southern California urban uses, NMFS reviewed a presentation by Metropolitan Water District, 
entitled “Metropolitan’s Water Supply Planning,” January 31, 2009, and reviewed Figure 11 
from the Delta Vision report showing the potential range of demand reductions and supply 
augmentations from different strategies (taken from DWR 2005 Water Plan Update).   
 
NMFS considered the above water cost estimates in the context of the larger set of facts on 
California’s water supply to determine whether the RPA is economically feasible.  NMFS 
believes that a cost of 5-7 percent of the project capacity is not unreasonable for a multi-species 
ESA consultation, given the factual context of the Delta ecosystem and water delivery system.  
330 taf reduction can be compared to 30 MAF for agriculture statewide, according to LAO.  In 
addition, these amounts can be compared to the water rights held by the federal and state 
governments (112 MAF, and 31 MAF respectively, according to LAO). 
 
Most important, NMFS evaluated the 5-7 percent combined export reduction in the context of 
future water demand and supply in California.  The Delta is only one source of water supply.  
According to other planning documents (DWR’s California Water Plan Update, 2005), water 
agencies are already planning for and adjusting to reduced supplies from the Delta.  Alternative 
supplies include: water transfers, demand reduction through conservation, conjunctive 
use/groundwater use during droughts, wastewater reclamation and water recycling, and 
desalination.  For example, urban water use efficiency is estimated by DWR to potentially result 
in between 1.2 to 3.1 MAF annual water savings, and recycled municipal water is potentially 
estimated to result in .9 to 1.4 MAF annual water savings.  The state of California has had an 
active Integrated Watershed Management Program for almost 10 years.  Projects funded through 
these local water infrastructure investments are coming on line, and will help offset decreased 
water supply from the Delta.   
 
Furthermore, NMFS considered RPA water costs in the context of b(2) water assets of 800 taf.  
As the Opinion explains, for purposes of the effects analysis, NMFS could not be reasonably 
certain that b(2) water would be available at a specific place and time needed to address adverse 
effects of the project on a listed species.  Therefore, the Opinion analysis and RPA actions 
developed to avoid jeopardy and adverse modification of critical habitat are independent of the 
availability of b(2) assets, and are silent about how these assets should be used.  The Secretary of 
the Interior retains discretions over how b(2) assets are dedicated to eligible water actions 
throughout the water year.  It is NMFS understanding that water actions taken by Reclamation to 
implement the RPA are eligible actions.  If the Secretary of the Interior so chooses, dedication of 
b(2) water assets to the RPA actions could completely or significantly offset the projected water 
costs of the RPA.  In addition, limited EWA assets associated with the Yuba Accord may be 
available, in part, to offset water costs of the SWP.  In the proposed project description, these 
assets were dedicated to VAMP export curtailments.  The VAMP export curtailments will be 
replaced, in part, by the new San Joaquin River Ratio action. 
 
In evaluating economic feasibility, NMFS examined the direct costs of the modified operations 
to the Federal action agency, Reclamation.  According to the LAO, 85% of Reclamation’s costs 
are reimbursed by water users, and 95% of DWR’s SWP costs are reimbursed:   
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Irrigation water users pay about 55 percent of CVP reimbursable costs ($1.6 
billion), while municipal and industrial water users are responsible for the 
remaining 45 percent (or about $1.3 billion). These reimbursements are paid 
through long-term contracts with water agencies.  The total capital cost to 
construct the CVP as of September 30, 2006, is about $3.4 billion. The federal 
Bureau of Reclamation calculates how much of the capital construction cost is 
reimbursable from water users.  Currently, users pay about 85 percent of total 
costs. In contrast, more than 95 percent of SWP’s costs are reimbursable from 
water users. The costs assigned to such CVP purposes as flood control, 
navigation, and fish and wildlife needs are not reimbursable and are paid by the 
federal government. 
 

 (LAO, 2008)  Through this arrangement, costs to the action agency itself are minimized.   
 
NMFS also reviewed and evaluated water cost information provided by DWR.  In general, the 
DWR information reinforced the NMFS estimates of water costs.  On March 20, 2009, DWR 
provided estimates of water costs associated with the March 3, 2009, draft of the RPA (letter 
from Kathy Kelly to Ronald Milligan; Reclamation 2009b).  These modeled costs were discussed 
in several technical team meetings and remain the only modeled projections of water costs of the 
RPA that NMFS is aware of.  DWR estimated that combined CVP/SWP costs, as compared to 
operations under D1641, are 800 taf to 1.0 MAF (or about 15%-17%).  However, because the 
salmon and smelt are near the export facilities during much of the same time of year (winter to 
spring), many export curtailments are multi-species in nature.  Therefore, DWR estimates that, 
the average combined water supply impact of the NMFS RPA, layered on top of the USFWS 
smelt RPA, is an additional 150 taf to 750 taf, (or about 3% to 15%).   
 
The San Joaquin river ratio action changed significantly between the March 3, 2009, draft of the 
RPA and the final RPA.  Specifically, the duration of the period changed from 90 to 60 days, in 
order to better focus the action on the species’ biological requirements, and the ratios were more 
closely refined to reflect water year type in order to reflect actual available water in the 
watershed and in acknowledgement that acquiring (or requiring, if the SRCWB acts) additional 
flows on the Tuolumne and Merced rivers could be difficult or uncertain in the near-term.  Both 
of these refinements would reduce, perhaps substantially, DWR projected water costs, and would 
most likely make them consistent with NMFS estimates.   On April 28, 2009, DWR provided an 
additional analysis of on the economic impacts of estimated water costs of the March 3, 2009, 
draft RPA (letter from Kathy Kelly to Ronald Milligan; DWR 2009).  DWR estimated that the 
impact of the RPA would range from $320 million to $390 million per year.  The methodology 
used multipliers estimated indirect and well as direct impacts.  Again, these costs were 
predicated on RPA actions that were modified after March 3rd, and would have reduced water 
costs. 
 
Project Costs 
 
In addition to water costs, Reclamation and DWR will incur project costs associated with certain 
RPA actions (e.g., the fish passage program).  The State of California has authorized $19.6 
billion in water-related general obligation bonds since 2000, and these bonds often contain 
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provisions for environmental conservation related purposes (LAO, 2008).  Over $3 billion has 
been spent through the Calfed Bay-Delta Program.  The CALFED ROD contains a commitment 
to fund projects through the Ecosystem Restoration Program.  Similarly, the CVPIA AFRP funds 
eligible restoration projects, using federal authorities.  Some of the projects in the RPA may 
qualify for those sources of funds.   
 
Summary 
 
In summary, for all the above reasons, NMFS finds that the costs associated with the RPA, while 
not insignificant, do not render the RPA economically infeasible.  Overall, the RPA is both 
technologically and economically feasible. 
 
11.3.7  Consistency with the Intended Purpose of the Action and the Action Agencies’ Legal 
Authority and Jurisdiction 
 
As noted in the introduction to this RPA, regulations provide that an RPA must be an alternative 
that, “can be implemented in a manner consistent with the intended purpose of the action, [and] 
that can be implemented consistent with the scope of the federal agency’s legal authority and 
jurisdiction.“  50 CFR 402.02.  This RPA meets both of these criteria. 
 
First, this RPA is consistent with the intended purpose of the action.  According to the BA, “[t]he 
proposed action is the continued operation of the CVP and SWP.”  (CVP and SWP operations 
BA, P. 2-1)  Specifically, Reclamation and DWR “propose to operate the Central Valley Project 
(CVP) and State Water Project (SWP) to divert, store, and convey CVP and SWP (Project) water 
consistent with applicable law and contractual obligations.”   (CVP and SWP operations BA, 
p.1-1)  Changes in operation of the projects to avoid jeopardizing listed species or adversely 
modifying their critical habitats require that additional sources of water for the projects be 
obtained, or that water delivery be made in a different way than in the past (e.g., elimination of 
RBDD), or that amounts of water that are withdrawn and exported from the Delta during some 
periods in some years be reduced.  These operational changes do not, however, preclude 
operation of the Projects. 
 
Second, the RPA may be implemented consistent with the scope of the federal agency’s legal 
authority and jurisdiction.  The Rivers and Harbors Act of 1937, which established the purposes 
of the CVP, provided that the dams and reservoirs of the CVP “’shall be used, first, for river 
regulation, improvement of navigation and flood control; second, for irrigation and domestic 
uses; and, third, for power.’”  (CVP and SWP operations BA, p. 1-2).  The CVP was 
reauthorized in 1992 through the CVPIA, which modified the 1937 Act and added mitigation, 
protection, and restoration of fish and wildlife as project purposes. The CVPIA provided that the 
dams and reservoirs of the CVP should be used “’first, for river regulation, improvement of 
navigation, and flood control; second, for irrigation and domestic uses and fish and wildlife 
mitigation, protection and restoration purposes; and, third, for power and fish and wildlife 
enhancement.” (CVP and SWP operations BA p. 1-3)   One of the stated purposes of the CVPIA 
is to address impacts of the CVP on fish and wildlife. CVPIA, Sec. 3406(a). The CVPIA gives 
Reclamation broad authority to mitigate for the adverse effects of the projects on fish and 
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wildlife, and nothing in the Rivers and Harbors Act of 1937 requires any set amount of water 
delivery.     
 
In addition to adding protection of fish and wildlife as second tier purposes of the CVP, the 
CVPIA set a goal of doubling the natural production of anadromous fish in Central Valley rivers 
and streams on a long-term sustainable basis, by 2002.  Sec. 3406(b)(1).  This goal has not been 
met.  Instead, as detailed in this Opinion, natural production of anadromous fish has declined 
precipitously.  A 2008 report on the CVPIA anadromous fish program by independent reviewers 
(Cummins et al. 2008), recommended by the Office of Management and Budget and requested 
by Reclamation and the USFWS, stated that  

 
“it is far from clear that the agencies have done what is possible and necessary to improve 
freshwater conditions to help these species weather environmental variability, halt their 
decline and begin rebuilding in a sustainable way.  A number of the most serious 
impediments to survival and recovery are not being effectively addressed, especially in 
terms of the overall design and operation of the [CVP] system.” 

 
One of the review panel’s specific recommendations was that the agencies  
 

“should develop a more expansive view of the authorities at their disposal to address the 
problems, especially with regard to water management and project operations. The 
agencies have followed a more restrictive view of their authorities than appears legally 
necessary or appropriate to the seriousness of the mission. “ 
 

The report notes that the CVPIA contains a “long list of operational changes, actions, tools, and 
authorities – some quite specific and discrete, some general and on-going – that Interior is to use 
to help achieve the anadromous fish restoration purposes of the CVPIA . . . .”  (Cummins et al. 
2008 at 5)  The report then describes development of a Final Restoration Plan that would utilize 
these authorities, but concludes that “[t]he agencies implement the CVPIA . . . in a way that 
bears little resemblance to the integrated, coordinated, holistic vision of the Final Restoration 
Plan.”  (Cummins et al. 2008 at 9) 
 
Most relevant to this consultation, the review panel observed that  
 

“[i]t would seem that CVPIA activities and personnel should be central to the OCAP 
plan, the Section 7 consultation, and the agencies’ efforts to satisfy the requirements 
of the ESA (that is, after all, one of the directives of the CVPIA).  The panel received 
no information or presentations on the involvement of the CVPIA program or 
personnel in the ESA consultation effort . . . and in the determination of what actions 
the agencies should be taking to meet the ESA.” 
 

(Cummins et al. 2008 at 11)   
 
Reclamation and DWR operate their respective projects in close coordination, under a 
Coordinated Operations Agreement (COA). The COA was authorized by Congress in Public 
Law 99-546.   Consequently, the COA “is the federal nexus for ESA section 7 consultation on 
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operation of the SWP.  Because of commitments expressed in the COA and the Congressional 
mandate to Reclamation to operate the CVP in conjunction with the SWP, the operations of the 
two projects are linked . . . .”  (CVP/SWP operations BA, p. 1-10)  DWR stated in a recent letter 
to Ren Lohoefener, Regional Director of the USFWS, “For purposes of consultations under the  . 
. . ESA, the operations of the SWP and CVP are intentionally and inextricably connected . . . .   . 
. . ESA protection of Delta species under the BO is impossible without the participation and 
cooperation of the Department.”  (DWR 2009a).  Consequently, DWR asserted its standing to 
request reinitiation of consultation, regardless of whether Reclamation did so.  
 
Moreover, state law gives DWR authority to provide for needs of fish and wildlife independent 
of the connection of the two water projects.  According to the BA, DWR   

 
“is required to plan for recreational and fish and wildlife uses of water in connection with 
State-constructed water projects and can acquire land for such uses (Wat. Code Sec. 233, 
345,346, 12582).  The Davis-Dolwig Act (Wat. Code Sec. 11900-11925) establishes the 
policy that preservation of fish and wildlife is part of State costs to be paid by water 
supply contractors, and recreation and enhancement of fish and wildlife are to be 
provided by appropriations from the General Fund.” 

 
(CVP/SWP operations BA, page 1-4)  DWR, like Reclamation, has broad authority to preserve 
and enhance fish and wildlife.  
 
The Preamble to the ESA consultation regulations states that “a Federal agency’s responsibility 
under section 7(a)(2) permeates the full range of discretionary authority held by that agency,” 
and that the Services can prescribe a RPA “that involves the maximum exercise of Federal 
agency authority when to do so is necessary, in the opinion of the Service, to avoid jeopardy.”  
51 Fed. Reg. 19925, 19937 (June 3, 1986).  The independent review panel concluded that despite 
Congressional authorization and direction more than 16 years ago to restore anadromous fish 
populations in Central Valley rivers and streams, Reclamation continues to take an unduly 
narrow view of its authorities in carrying out Congress’ mandate.  The legal foundation of this 
RPA is a broader view of Reclamation’s authorities, one that is consistent with the CVPIA, the 
ESA, and the independent review panel’s recommendations. 
 
 
12.0  REINITIATION OF CONSULTATION 
 
This concludes formal consultation on the Project in the Central Valley, California.  As provided 
in 50 CFR 402.16, reinitiation of formal consultation is required where discretionary Federal 
agency involvement or control over the action has been retained (or is authorized by law) and if:  
(1) the amount or extent of incidental take is exceeded; (2) new information reveals effects of the 
action that may affect listed species or critical habitat in a manner or to an extent not previously 
considered; (3) the identified action is subsequently modified in a manner that causes an effect to 
listed species or critical habitat that was not considered in the biological opinion; or (4) a new 
species is listed or critical habitat designated that may be affected by the identified action.  In 
instances where the amount or extent of incidental take is exceeded, formal consultation shall be 
reinitiated immediately. 
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The following are further examples of when reinitiation of consultation is warranted: 

1.  The project agencies are currently developing and evaluating a plan to construct a 
diversion on the Sacramento River and a canal around the Delta, as part of the Bay Delta 
Conservation Plan (BDCP) planning effort.  Such a reconfiguration of the water 
conveyance system would take careful planning to avoid jeopardizing Sacramento River 
and north Delta species, as well as several years of environmental review and permitting, 
and would trigger a re-initiation of this Opinion as a result of changing various operations 
of the CVP and SWP.  We expect that the collaborative research that is part of this RPA 
will inform this planning effort as it proceeds. 

 
2. When performance goals are not met, for example, in RPA Actions I.2.1 and I.6.1. 

 
3. RPA Action V:  If the downstream fish passage improvements are determined not likely 

to be technically or biologically feasible at this milestone, then Reclamation and the 
Steering Committee shall identify other alternatives that would be implemented within 
the same timelines as those identified in this RPA.  Reclamation and partner agencies 
shall submit specific implementation plans for alternative actions to NMFS, and NMFS 
shall evaluate whether the actions proposed in the implementation plans are likely to have 
the biological results that NMFS relied on in this Opinion.  If Reclamation and partners 
believe that the proposed passage locations may not be feasible, the Fish Passage Steering 
Committee should be directed to develop early assessments of alternative actions that 
meet the performance standards described above in order to maintain the schedule 
proposed in this action.  NMFS shall notify Reclamation and partner agencies as to 
whether the proposal is consistent with the analysis in this Opinion.  If not, Reclamation 
will request reinitiation of consultation. 

 
4. Recommended changes outside the range of flexibility specified in the “Implementation 

Procedures” sections of many of the RPA actions must receive written review and 
concurrence by NMFS and may trigger reinitiation of consultation. 

 
Reclamation may request NMFS to confirm the conference opinion on the proposed critical habitat 
of the Southern DPS of North American green sturgeon as a biological opinion if the proposed 
critical habitat designation becomes final.  The request must be in writing.  If NMFS reviews the 
proposed action and finds that there have been no significant changes to the action or in the 
information used during the conference, NMFS will confirm the conference opinion as a biological 
opinion for the Project, and no further section 7 consultation will be necessary. 
 
 
13.0  INCIDENTAL TAKE STATEMENT 
 
Section 9(a)(1) of the ESA prohibits any taking of endangered species without a permit or 
exemption.  Take is defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 
collect, or to attempt to engage in any such conduct.  Harm is further defined to include 
significant habitat modification or degradation which actually kills or injures fish or wildlife by 
significantly impairing essential behavioral patterns, including breeding, spawning, rearing, 
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migrating, feeding, or sheltering (50 CFR 222.102).  Protective regulations adopted pursuant to 
section 4(d) of the ESA extend the prohibition to threatened species.  Incidental take is defined 
as take that is incidental to, and not the purpose of, the carrying out of an otherwise lawful 
activity by a Federal agency or applicant (50 CFR 402.02).  Under the terms of section 7(b)(4) 
and 7(o)(2), taking that is incidental to and not intended as part of the proposed action is not 
considered to be prohibited taking under the ESA provided that such taking is in compliance 
with the terms and conditions of the incidental take statement (ITS). 
 
The reasonable and prudent measures described below are non-discretionary and must be 
implemented by Reclamation and DWR, for the exemption in section 7(o)(2) to apply.  
Reclamation and DWR have a continuing duty to regulate the activity covered in this incidental 
take statement.  If Reclamation and/or DWR fail to comply with the terms and conditions of this 
incidental take statement, they may no longer be in compliance with the ESA.  In order to 
monitor the impact of incidental take, Reclamation and DWR must report the progress of the 
action and its impact on each listed species to NMFS, as specified in this incidental take 
statement [50 CFR 402.14(i)(3)]. 
 
This ITS is applicable to all activities related to the long-term operations of the CVP and SWP, 
as described in appendix 1 to this Opinion and revised by the proposed RPA in section 11 
(hereafter referred to as Proposed Action), including dams and reservoirs, power plants and 
pumping facilities, administration of water contracts, implementation of habitat mitigation 
measures, operation of hatchery programs, fish salvage facilities, and research and monitoring 
activities.   
 
Take of threatened green sturgeon is currently not barred by section 9 of the ESA.  When the rule 
proposed on May 21, 2009 (74 FR 23822) under section 4(d) of the ESA becomes effective as a 
final rule, all take of threatened green sturgeon not in conformance with that rule will be 
prohibited under the ESA.  Upon the effectiveness of the final green sturgeon take rule, 
compliance with this Incidental Take Statement provides exemption for take under section 7(o). 
 
13.1.  Amount or Extent of Anticipated Take 
 
Incidental take of endangered winter-run, threatened spring-run, threatened CV steelhead, and 
threatened Southern DPS of green sturgeon will occur as a result of implementing the CVP/SWP 
operations, as described in Appendix 1 of this Opinion, and as modified by the RPA provided in 
section 11 (hereafter referred to as Proposed Action).  Reservoir operations are expected to 
continue to alter the natural hydrological cycle (i.e., through higher summer releases and lower 
releases in the spring compared to the historical) in the Sacramento River downstream of 
Keswick Dam, Clear Creek downstream of Whiskeytown Dam, the American River downstream 
of Folsom Dam, and the Stanislaus River downstream of New Melones Dam. 
 
Due to the inherent biological characteristics of aquatic species, such as listed anadromous 
salmonids and sturgeon, the large size and variability of the river systems, and the operational 
complexities of hatchery actions, it is generally not possible to quantify numbers of individuals 
that may be taken incidental to the many components of the Proposed Action.  Tables 13-1 
through 13-4, below, describe the amount or extent of take by listed species, life history stage, 
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stressor, and location within the action area.  The following sections, organized by type of 
activity within the Proposed Action, specify an amount of take where possible (i.e., collection of 
adults, monitoring programs, fish salvage estimates, unscreened diversions), but otherwise, 
specify a geographic and temporal extent of take.  As the Proposed Action is implemented 
through time, incidental take in the form of adult and juvenile passage mortality and sublethal 
take due to water quality and quantity are expected to decrease. 
 
If less take occurs from the Proposed Action than is anticipated, this does not indicate that the 
actions comprising the RPA are not necessary to avoid jeopardizing listed species.  The amount 
or extent of take described below is a maximum to avoid loss of the section 7(o)(2) exemption 
and reinitiation of consultation.  In addition, section 11.2.1.3 of the RPA requires fish monitoring 
to determine when certain actions must be initiated, modified, or stopped.  The numbers of fish 
detected through monitoring that trigger certain actions should not be confused with predicted 
(exempted) take. 
 
13.1.1  Administration of Water Supply Contracts 
 
This consultation addresses the long-term operations of the CVP and SWP, including the overall 
impacts of the total volume of water diverted from the Central Valley (e.g., higher summer 
flows, lower spring flows, water temperature, etc).  The volume of water delivered may be 
reduced from full contract amounts, consistent with the terms of individual contracts.  In 
addition, take from the administration of water transfers is included in CVP/SWP operations for 
this consultation.  However, this consultation does not address ESA section 7(a)(2) compliance 
for individual water supply contracts.  Reclamation and DWR should consult with NMFS 
separately on their issuance of individual water supply contracts, including analysis of the effects 
of reduced water quality from agricultural and municipal return flows, contaminants, pesticides, 
altered aquatic ecosystems leading to the proliferation of non-native introduced species (i.e., 
warm-water species), or the facilities or activities of parties to agreements with the U.S. that 
recognize a previous vested water right. 
 
In the event that Reclamation determines that delivery of quantities of water to any contractor is 
nondiscretionary for purposes of the ESA, any incidental take due to delivery of water to that 
contractor would not be exempted from the ESA section 9 take prohibition in this Opinion.  
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Table 13-1.  Amount or extent of incidental take of Sacramento River winter-run Chinook salmon. 
 
Life Stage/ 

Habitat 
Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Adult/ 
immigration 

RBDD gates may be 
closed starting June 15 
of each year until 2012 

Non-lethal: delay in 
spawning, more energy 
consumed 
 
Lethal: pre-spawn mortality, 
less fecundity. 

The extent of incidental take 
is all winter-run that migrate 
past RBDD on or after June 
15.   
 
Incidental take will be 
exceeded if RBDD gates go 
down prior to June 15.  

None starting in 2012 
when the gates are up 
year round 

Spawning 
 
 

Reduced spawning area  Non-lethal, with long-term 
viability consequences: 
Introgression or hybridization 
with spring-run/fall-run/late 
fall-run; loss of genetic 
integrity and expression of 
life history 
 
Sublethal/lethal take:  
Reduced fecundity, density 
dependency as population 
increases (competition for 
spawning sites, prespawn 
mortality, redd 
superimposition) 

Extent of incidental take of 
otherwise suitable spawning 
habitat downstream of the 
established TCP where water 
temperature exceeds 56ºF.   
 
Incidental take will be 
exceeded if the water 
temperature exceeds 56ºF 
upstream of the established 
TCP. 
 
In addition, if TCP 
performance goals in the 
RPA action are exceeded, 
then take is exceeded for this 
action, and Reclamation shall 
reinitiate consultation.  

Extent of incidental take 
reduced from short term 
by implementation of 
Action V: Fish Passage 
Program (Long-term 
actions) 



Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Adult 
migration, 
spawning 

Fish passage Non-lethal:  Handling to 
capture, trap, and relocate 
adults 
 
Lethal:  Handling mortality, 
pre-spawn mortality 

Non-lethal take will be 
exempted for the number of 
adult winter-run determined 
by the Interagency Fish 
Passage Steering Committee 
pursuant to Action V, NF3, 
#1 and 3 as necessary for the 
pilot program, provided that 
NMFS concurs in writing 
with the specific handling 
procedures associated with 
the Fish Passage Pilot Plan. 
 
Lethal take is covered, 
provided that the Fish 
Passage Pilot Plan was 
implemented in its entirety. 

Incidental take is not 
authorized at this time for 
the long term fish passage 
actions. 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Embryo 
incubation 

Water temperatures 
above 56ºF for optimal 
incubation and 
development 

Depending on water 
temperature: 
 
Sublethal:  Physical and 
physiological deformities 
during embryonic 
development 
 
Lethal:  Mortality 

Extent of incidental take 
limited to those fish that 
spawn downstream of the 
established TCP, where water 
temperature exceeds 56ºF.  
All eggs deposited 
downstream of the 
established TCP are assumed 
lethal take.  
 
Frequency expected to 
increase during multiple 
dry/critically dry years 
 
Extent of incidental take 
reduced by implementation 
of Action V:  Fish Passage 
Program (Near-term actions). 
 
If TCP performance goals in 
the RPA action are exceeded, 
then take is exceeded for this 
action, and Reclamation shall 
reinitiate consultation 

Extent of incidental take 
reduced from short term 
by implementation of 
Action V:  Fish Passage 
Program (Long-term 
actions) 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing and 
downstream 
movement 

RBDD passage 
downstream through 
dam gates when they are 
closed June 15 – August 
31 of each year 

Lethal:  Mortality resulting 
from predation 

Extent of incidental take is all 
juveniles (approximately 
13% of each cohort) exposed 
to predation (which ranges 
from 5-50%) as they pass 
through Lake Red Bluff and 
RBDD from June 15-August 
31 of each year. 
 
Incidental take will be 
exceeded if RBDD gates go 
down any time outside of the 
June 15-August 31 time 
period 

None starting in 2012 
when the gates are up 
year round. 

Juvenile 
rearing and 
downstream 
movement 

Reduced quality of 
juvenile rearing habitat 
related to the formation 
of Lake Red Bluff when 
the RBDD gates are 
down from June 15-
August 31 of each year. 

Non-lethal take:  Delayed 
juvenile emigration, change in 
riparian habitat, change in 
river conditions, change in 
food supply 

Extent of incidental take is 
the 6- mile long Lake Red 
Bluff that forms annually 
from June 15 through August 
31 when the RBDD gates are 
down. 
 
Incidental take will be 
exceeded if Lake Red Bluff is 
created (i.e., when the RBDD 
gates go down) any time 
outside of June 15-August 31 

None starting in 2012 
when the gates are up 
year round 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 

Screened CVP 
diversions on the 
Sacramento River to the 
Delta 

Non-lethal:  Harassment 
 
Lethal:  Mortality 

Extent of incidental take is all 
juveniles (which may be up 
to 5%) exposed to the 
screens.  Type of incidental 
take would be harassment, 
and most would be returned 
to the river unharmed 
through the bypasses.  A 
small portion of the exposed 
fish would likely die. 

Same as short term 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing and 
downstream 
movement 

Unscreened CVP 
diversions between Red 
Bluff and the Delta 

Lethal:  Mortality Extent of incidental take is all 
juveniles exposed to and 
entrained (with subsequent 
mortality)  through 
unscreened CVP diversions.  
This take is exempted for an 
interim 5 years, pending 
future section 7 consultations 
on individual contract 
renewals and/or individual 
fish screens associated with 
the AFSP and 
implementation of RPA 
Action I.5.   
 
Incidental take is exceeded if 
a CVP contractor exceeds 
their diversion volume or if 
currently compliant screens 
are removed or allowed to 
lapse into disrepair to the 
point that they no longer 
meet NMFS fish screening 
criteria (NMFS 1997a). 

Less than short-term, as 
each unscreened CVCP 
diversion is screened 
through the CVPIA AFSP 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

Lack of channel-forming 
flows, loss of rearing 
habitat and riparian 
habitat, loss of riparian 
vegetation, impaired 
geomorphic process  

Non-lethal:  Reduced rearing 
opportunities, reduced growth 
 
Lethal:  Mortality through 
predation. 

Extent of incidental take is all 
juveniles exposed to the 
stressors throughout the 
mainstem Sacramento River 

Extent of incidental take 
will be reduced from 
short-term with continued 
implementation of Action 
Suite I.6 and Action V:  
Fish passage program 
(Long-term actions). 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 
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Smolt 
emigration 
 

Cumulative direct and 
indirect loss associated 
with export operations 
(DCC operations, loss in 
Delta interior, loss at 
export facilities, creation 
of artificial freshwater 
system, altered 
hydrodynamics). 

Non-lethal: monitoring and 
alerts triggering DCC 
operations, entrainment into 
Central and South Delta, 
harassment, handling, and 
research at the export 
facilities 
 
Lethal:  Indirect mortality 
associated with predation, 
direct mortality associated 
with the Federal and State fish 
facilities and the CHTR 
process. 
 

DCC operation:  The extent 
of take is the frequency of 
DCC opening prior to 
December 15 (when water, 
and therefore, fish, are 
entrained into the interior 
Delta). 
 
Various RPA actions, like 
OMR flow management and 
export curtailments, reduce 
the (1) duration that winter-
run are in the Delta, (2) the 
potential for indirect 
predation, and (3) the 
potential for entrainment at 
the export facilities. 
 
Various RPA actions at the 
fish facilities will reduce 
entrainment loss and salvage 
of those fish.  Winter-run loss 
at the Federal and State fish 
facilities, combined, is not 
expected to exceed 2 percent 
of the annual JPE that enters 
the Delta throughout the 
cohort-year. 
 
If performance goals in any 
applicable RPA action (that 
has them) are exceeded, then 
take is exceeded for that 
action, and Reclamation shall 
reinitiate consultation. 

Take will be further 
reduced with 
implementation of 
measures to reduce pre-
screen loss, improve 
screening efficiency, and 
improve predator control 
methods in Clifton Court 
Forebay and at the “end 
of the pipe.” 



Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Adults and 
juveniles 

Monitoring as provided 
in RPA section 11.2.1.3 

Non-lethal:  Harassment, 
capture, handling 
 
Lethal:  Mortality through 
stress 

The amount of non-lethal 
take is all adults and 
juveniles that are captured 
and handled, including 
incidental mortalities that 
will likely occur through 
standard monitoring 
techniques. 

Same as short term 

Juvenile/sm
olt 

Contra Costa Water 
District Pumping 
Facilities (Rock Slough 
Diversion):  operation of 
Pumping Plant #1 on 
Rock Slough (the waters 
within the Contra Costa 
Canal and the immediate 
waters of Rock Slough 
surrounding the entrance 
to the Contra Costa 
Canal);  

Lethal:  Entrainment, 
increased predation 

5 juvenile winter-run per year 
entrained and subsequently 
die. 

5 juvenile winter-run per 
year entrained and 
subsequently die.   
 
When the Rock Slough 
diversion is screened 
(expected to be before 
year 2018) sometime in 
the future, incidental take 
will not be expected, and 
therefore, will not be 
authorized. 
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Table 13-2.  Summary of incidental take of Central Valley spring-run Chinook salmon.  Acronyms for diversity groups are as 
follows: NWC – Northwestern California; BPL – Basalt and Porous Lava; NSN – Northern Sierra Nevada.  

Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Adult 
immigratio
n and 
holding 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

RBDD gates 
may be closed 
starting June 
15 of each year 
until 2012  

Non-lethal: more energy 
consumed, delay in 
migration for an average of 
20 days, less fecundity 
 
Lethal: pre-spawn 
mortality,  

The extent of incidental 
take is all spring-run 
(approximately 15%) that 
migrate past RBDD on or 
after June 15. 
 
Incidental take will be 
exceeded if RBDD gates 
go down prior to June 15. 

None starting in 2012 
when the gates are up 
year round 

Adult 
immigratio
n and 
holding 

NWC: Clear Water 
temperatures 
during 
summer 
holding period 
 
 

Non-lethal:  more energy 
consumed, less fecundity 
 
Lethal:  pre-spawn 
mortality 
 

Extent of take is the habitat 
downstream of the Igo 
gage that exceeds 60oF 
during summer holding 
from June 1 through 
September 15.  In critically 
dry years, extent of 
incidental take is likely 
higher when there is not 
enough cold water in 
Whiskeytown Lake to 
sustain 60oF down to the 
Igo gage. 

Same as short term   
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Adult 
immigratio
n and 
holding 

NWC: Clear Spring 
attraction 
flows  

Non-lethal:  delay in 
migration, less fecundity 
 
Lethal: pre-spawn 
mortality, limited cues for 
upstream migration 
resulting from spring flows 
with little variation.  With 
low summer flows, Adults 
are impeded from 
accessing upstream holding 
areas. 

Extent of incidental take is 
all spring-run that migrate 
past RBDD between June 
15 and August 31 that 
cannot migrate up Clear 
Creek because of lower 
flows  

Incidental take will be 
reduced starting in 
2012, as late-arriving 
spring-run will not be 
subjected to 
migrational delays at 
RBDD when the gates 
are up year round. 

Spawning NWC: Clear Limited 
spawning 
habitat 
availability 

Sub-lethal:  Increased 
competition 
 
Lethal:  reduced spawning 
success 

Extent of take is the 
proportion of each cohort 
that is subjected to 
increased competition and 
reduced spawning success 
as a result of limited 
spawning gravel. 

Same as short term 

Embryo 
incubation 

NWC: Clear Warm water 
temperatures 
downstream of 
Igo in 
September 

Depending on water 
temperature: 
 
Sublethal:  Physical and 
physiological deformities 
during embryonic 
development 
 
Lethal:  Mortality 

Extent of take is the habitat 
downstream of Igo where 
water temperature exceeds 
56ºF and redds are 
constructed 

Likely reduced in the 
future with 
implementation of 
Action I.1.6   
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Embryo 
incubation 

BPL: 
Sacramento 

Water 
temperatures 
warmer than 
life history 
stage 
requirements, 
during 
September and 
October 

Depending on water 
temperature: 
 
Sublethal:  Physical and 
physiological deformities 
during embryonic 
development 
 
Lethal:  Mortality 

Extent of incidental take 
limited to those fish that 
spawn downstream of the 
established TCP, where 
water temperature exceeds 
56ºF.  All eggs deposited 
downstream of the 
established TCP is 
assumed lethal take. 
 
Frequency expected to 
increase during multiple 
dry/critically dry years 
 
If TCP performance goals 
in RPA action are 
exceeded, then take is 
exceeded for this action, 
and Reclamation shall 
reinitiate consultation 

Extent of incidental 
take reduced from short 
term by 
implementation of 
Action V:  Fish 
Passage Program 
(Long-term actions) 
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

RBDD passage 
downstream 
through dam 
gates when 
they are closed 
June 15 – 
August 31 of 
each year 

Lethal:  Mortality resulting 
from predation  

Extent of incidental take is 
all juveniles (less than 
0.1% of each cohort) 
exposed to predation 
(which ranges from 5-50%) 
as they pass through Lake 
Red Bluff and RBDD from 
June 15-August 31 of each 
year. 
 
Incidental take will be 
exceeded if RBDD gates 
go down any time outside 
of the June 15-August 31 
time period 

None starting in 2012 
when the gates are up 
year round. 

Juvenile 
rearing 
 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

Reduced 
quality of 
juvenile 
rearing habitat 
related to the 
formation of 
Lake Red 
Bluff when the 
RBDD gates 
are down from 
June 15-
August 31 of 
each year. 

Non-lethal take:  Delayed 
juvenile emigration, 
change in riparian habitat, 
change in river conditions, 
change in food supply 

Extent of incidental take is 
the 6-mile long Lake Red 
Bluff that forms annually 
from June 15 through 
August 31 when the RBDD 
gates are down. 
 
Incidental take will be 
exceeded if Lake Red Bluff 
is created (i.e., when the 
RBDD gates go down) any 
time outside of June 15-
August 31. 

None starting in 2012 
when the gates are up 
year round 
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Juvenile 
rearing 

All diversity 
groups and 
populations 

Screened CVP 
diversions on 
the 
Sacramento 
River to the 
Delta 

Non-lethal:  Harassment 
 
Lethal:  Mortality 

Extent of incidental take is 
all juveniles (which may be 
up to 5%) exposed to the 
screens.  Type of incidental 
take would be harassment, 
and most would be 
returned to the river 
unharmed through 
bypasses. A small portion 
of the exposed fish would 
likely die. 

Same as short term 
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

All diversity 
groups and 
populations 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Lethal:  Mortality Extent of incidental take is 
all juveniles (estimated 538 
juveniles annually) 
exposed to and entrained 
(with subsequent mortality) 
through unscreened CVP 
diversions.  This take is 
exempted for an interim 5 
years, pending future 
section 7 consultations on 
individual contract 
renewals and/or individual 
fish screens associated with 
the AFSP and 
implementation of RPA 
Action I.5.  
 
Incidental take is exceeded 
if a CVP contractor 
exceeds their diversion 
volume or if currently 
compliant screens are 
removed or allowed to 
lapse into disrepair to the 
point that they no longer 
meet NMFS fish screening 
criteria (NMFS 1997a). 

Less than short-term, as 
each unscreened CVP 
diversion is screened 
through the CVPIA 
AFSP 
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

All diversity 
groups and 
populations 

Lack of 
channel 
forming-flows, 
loss of rearing 
habitat and 
riparian 
habitat, loss of 
riparian 
vegetation, 
impaired 
geomorphic 
process. 

Non-lethal:  Reduced 
rearing opportunities, 
reduced growth 
 
Lethal:  Mortality through 
predation. 

Extent of incidental take is 
all juveniles exposed to the 
stressors throughout the 
mainstem Sacramento 
River  

Extent of incidental 
take will be reduced 
from short-term with 
continued 
implementation of 
Action Suite I.6 and 
Action V:  Fish passage 
program (Long-term 
actions). 
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 
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Smolt 
emigration 

All diversity 
groups and 
populations 

Cumulative 
direct and 
indirect loss 
associated with 
export 
operations 
(loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Non-lethal: monitoring and 
alerts triggering DCC 
operations, entrainment 
into Central and South 
Delta, harassment, 
handling, and research at 
the export facilities 
 
Lethal:  Indirect mortality 
associated with predation, 
direct mortality associated 
with the Federal and State 
fish facilities and the 
CHTR process. 

DCC operation:  The 
extent of take is the 
frequency of DCC opening 
prior to December 15 
(when water, and therefore, 
fish, are entrained into the 
interior Delta. 
 
Various RPA actions, like 
OMR flow management 
and export curtailments, 
reduce the (1) duration that 
spring-run are in the Delta, 
(2) the potential for 
indirect predation, and (3) 
the potential for 
entrainment at the export 
facilities. 
 
Various RPA actions at the 
fish facilities will reduce 
entrainment loss and 
salvage of those fish.  
Spring-run loss at the 
Federal and State fish 
facilities, combined, is not 
expected to exceed 1 
percent based on marked 
late fall-run as surrogates 
that enter the Delta 
throughout the cohort-year. 
 
If performance goals in any 
applicable RPA action (that 
has them) are exceeded, 
then take is exceeded for 

Take will be further 
reduced with 
implementation of 
measures to reduce pre-
screen loss, improve 
screening efficiency, 
and improve predator 
control methods in 
Clifton Court Forebay 
and at the “end of the 
pipe.” 



Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Adults and 
juveniles 

All diversity 
groups and 
populations 

Monitoring as 
provided in 
RPA section 
11.2.1.3 

Non-lethal:  Harassment, 
capture, handling 
 
Lethal:  Mortality through 
stress 

The amount of non-lethal 
take is all adults and 
juveniles that are captured 
and handled, including 
incidental mortalities that 
will likely occur through 
standard monitoring 
techniques. 

Same as short term 

Juvenile/ 
smolt 

All diversity 
groups and 
populations 

Contra Costa 
Water District 
Pumping 
Facilities 
(Rock Slough 
Diversion):  
operation of 
Pumping Plant 
#1 on Rock 
Slough (the 
waters within 
the Contra 
Costa Canal 
and the 
immediate 
waters of Rock 
Slough 
surrounding 
the entrance to 
the Contra 
Costa Canal) 

Non-lethal:  Harm resulting 
from delays in migration, 
diminishment of physical 
status due to delays in 
migration; injury due to 
exposure to reduced water 
quality parameters (i.e., 
water temperature, 
dissolved oxygen, 
contaminants) 
 
Lethal:  Entrainment, 
increased predation 

10 juvenile spring-run per 
year entrained and 
subsequently die 

10 juvenile spring-run 
per year entrained and 
subsequently die. 
 
When the Rock Slough 
diversion is screened 
sometime in the future 
(expected to be before 
year 2018), incidental 
take will not be 
expected, and 
therefore, will not be 
authorized. 
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Table 13-3.  Summary of incidental take of Central Valley steelhead.  The table is organized by life stage then by the number 
of populations affected by a particular stressor.  Acronyms for diversity groups are as follows: NWC – Northwestern 
California; BPL – Basalt and Porous Lava; NSN – Northern Sierra Nevada; SSN – Southern Sierra Nevada.  

Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Adult 
immigrati
on and 
holding 

NWC: 
Cottonwoo
d/ 
Beegum, 
Clear; BPL: 
Sacramento
, Battle 

RBDD gates 
may be closed 
June 15 
through 
September 1 
of each year 
until 2012 

Non-lethal:  more 
energy consumed, 
delay in migration for 
an average of 20 days 
Lethal: pre-spawn 
mortality, less 
fecundity  
Non-lethal take more 
likely 

The extent of incidental take is all  
steelhead that migrate past RBDD 
before September 1. 
 
Incidental take will be exceeded if 
RBDD gates go up after September 
1. 

None starting in 2012 
when the gates are up 
year round 

Adult 
immigrati
on and 
holding 

NWC: 
Clear 

High water 
temperatures 
near 
confluence 
with 
Sacramento 
River during 
August and 
September 

Non-lethal:  (1) 
Delayed migration 
into Clear Creek, (2) 
seek other tributaries, 
(3) spawn in 
mainstem 
Sacramento R.; 
reduced in vivo egg 
viability 

Extent of incidental take is the 
habitat downstream of the Igo gage 
that exceeds 60oF in August and 
September.  In critically dry years, 
extent of incidental take is likely 
higher when there is not enough 
cold water in Whiskeytown Lake to 
sustain 60oF down to the Igo gage.  
Incidental take is exacerbated in the 
early part of the run by migration 
delays from RBDD gate closure 
through September 1 

Incidental take will be 
reduced starting in 2012, 
as early-arriving steelhead 
will not be subjected to 
migrational delays at 
RBDD when the gates are 
up year round. 

Spawning NWC: 
Clear 

Limited 
spawning 
habitat 
availability 

Sub-lethal:  Increased 
competition 
 
Lethal:  reduced 
spawning success 

Extent of take is the proportion of 
each cohort that is subjected to 
increased competition and reduced 
spawning success as a result of 
limited spawning gravel. 

Same as short term 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Spawning 
 
 

NSN: 
American 
River 

Flood releases Lethal:  Redd scour, 
resulting in egg 
mortality 

Extent of take is expected to be 
limited to releases from Nimbus 
Dam that are greater than 50,000 cfs 
during egg incubation (i.e., January 
through May), which occurs 
approximately once every 5 years 
(CVP/SWP operations BA). 

Same as short term 

Spawning 
 
 

NSN: 
American 
River; BPL: 
Sacramento
; and 
potentially 
all other 
populations 
within the 
NWC, 
NSN, and 
BPL 
diversity 
groups 

Nimbus Fish 
Hatchery O. 
mykiss 
spawning 
with natural-
origin 
steelhead in 
the American 
River and in 
other CV 
streams 

Non-lethal:  Reduced 
genetic fitness 

Extent of incidental take from 
Nimbus Fish Hatchery is unknown, 
but will be immediately reduced 
upon implementation of Action 
II.6.2 

Extent of incidental take 
should be reduced 
considerably upon 
implementation of an 
HGMP 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Spawning, 
egg 
incubation
, and 
emergenc
e 
 
 

SSN: 
Stanislaus 
River 

Excessive 
fines in 
spawning 
gravel 
resulting from 
lack of 
overbank flow 
 
 

Sublethal:  Increased 
energy attempting to 
"clean" excess fine 
material from 
spawning site 
 
Lethal:  Egg 
mortality due to 
superimposition or 
spawning in 
suboptimal sites, or 
from lack of 
interstitial flow 

Incidental take is expected to the 
extent that poor spawning bed 
conditions persist, as the proposed 
frequency of channel mobilizing 
flows of 5,000 cfs may not result in 
mobilizing flows at higher levels 
which perform greater geomorphic 
work. 
 
Incidental take will decrease with 
implementation of Action V:  Fish 
passage program (Near-term 
actions) 

Through time, the extent 
of incidental take through 
poor spawning bed 
conditions will be reduced 
from the short term as 
habitat restoration 
continues. 
 
Incidental take will also 
decrease with 
implementation of Action 
V:  Fish passage program 
(Long-term actions) 

Embryo 
incubation 
 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures 
in the 
American 
River during 
embryo 
incubation 

Sub-lethal effects - 
reduced early life 
stage viability; 
restriction of life 
history diversity (i.e., 
directional selection 
against eggs 
deposited in March 
and April)  
 
Lethal:  direct 
mortality 

The extent of incidental take is the 
stretch of the American River where 
the mean daily water temperature 
first begins to exceed 54°F, 
downstream to the downstream 
extent of steelhead spawning habitat 
at approximately RM 6, just 
upstream of Paradise Beach.  
Incidental take is expected to be 
reduced with implementation of 
Action V:  Fish passage program 
(Near-term actions) 

Incidental take will 
decrease with 
implementation of the 
structural improvements 
to improve cold water 
management, and Action 
V:  Fish passage program 
(Long-term actions) 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Egg 
incubation 
and 
emergenc
e 
 

SSN: 
Stanislaus 
River 

Warm water 
temperatures 
during egg 
incubation 
and 
emergence 

Depending on water 
temperature: 
 
Sub-lethal:  
Embryonic 
deformities 
 
Lethal:  Egg 
mortality, especially 
for eggs spawned in 
or after March;  
 

Extent of incidental take is the river 
downstream of Orange Blossom 
Bridge, where water temperature 
exceeds 55ºF, from January through 
May.  
 
Extent expected to increase during 
critically dry years 
 
Extent of incidental take reduced by 
implementation of Action V:  Fish 
Passage Program (Near-term 
actions) 

Extent of take expected to 
be reduced from short 
term with implementation 
of Action V:  Fish 
passage program (Long-
term actions) 

Juvenile 
rearing 
 

BPL: 
Sacramento 
River 

Higher flows 
and cooler 
water 
temperatures 
during the 
summer 

Non-lethal:  
Increased 
residualism, reduced 
diversity   

The amount or extent of take cannot 
be quanitified. 
 
Residualized O. mykiss as a result 
of improved rearing habitat 
conditions from the cooler water 
temperatures in the summer could 
contribute to the steelhead 
population, but the extent is 
unknown.   
 
The higher flows and cooler water 
in the summer is certainly a 
beneficial effect on the juveniles 
emigrating from the tributaries. 

Same as short term 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

NWC: 
Cottonwoo
d/ 
Beegum, 
Clear; BPL: 
Sacramento
, Battle 

Reduction in 
rearing habitat 
quantity and 
quality with 
the formation 
of Lake Red 
Bluff when 
the RBDD 
gates are 
down from 
June 15-
August 31 of 
each year. 

Non-lethal take:  
Delayed juvenile 
emigration, change in 
riparian habitat, 
change in river 
conditions, change in 
food supply 

Extent of incidental take is the 6-
mile long Lake Red Bluff that 
forms annually from June 15 
through August 31 when the RBDD 
gates are down. 
 
Incidental take will be exceeded if 
Lake Red Bluff is created (i.e., 
when the RBDD gates go down) 
any time outside of June 15-August 
31. 

None starting in 2012 
when the gates are up 
year round 
 

Juvenile 
rearing 

All 
diversity 
groups and 
populations 

Screened 
CVP 
diversions on 
the 
Sacramento 
River to the 
Delta 

Non-lethal:  
Harassment 
 
Lethal:  Mortality 

Extent of incidental take is all 
juveniles (which may be up to 5%) 
exposed to the screens.  Type of 
incidental take would be 
harassment, and most would be 
returned to the river unharmed 
through bypasses.  A small portion 
of the exposed fish would likely die.

Same as short term 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

All 
diversity 
groups and 
populations 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Lethal:  Mortality Extent of incidental take is all 
juveniles (estimated 394 juveniles 
annually) exposed to and entrained 
(with subsequent mortality) through 
unscreened CVP diversions.  This 
take is exempted for an interim 5 
years, pending future section 7 
consultations on individual contract 
renewals and/or individual fish 
screens associated with the AFSP 
and implementation of RPA Action 
I.5. 
 
Incidental take is exceeded if a CVP 
contractor exceeds their diversion 
volume or if currently compliant 
screens are removed or allowed to 
lapse into disrepair to the point that 
they no longer meet NMFS fish 
screening criteria (NMFS 1997a). 

Less than short-term, as 
each unscreened CVCP 
diversion is screened 
through the CVPIA AFSP 

 753



Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

All 
diversity 
groups and 
populations
, excluding 
the SSN 
diversity 
group 

Lack of 
channel-
forming flows 
in the 
Sacramento 
River, loss of 
rearing habitat 
and riparian 
habitat, loss 
of riparian 
vegetation, 
impaired 
geomorphic 
process. 

Non-lethal:  Reduced 
rearing opportunities, 
reduced growth 
 
Lethal:  Mortality 
through predation. 

Extent of incidental take is all 
juveniles exposed to the stressors 
throughout the mainstem 
Sacramento River 

Extent of incidental take 
will be reduced from 
short-term with continued 
implementation of Action 
Suite I.6 

Juvenile 
rearing 
 
 

NWC: 
Clear Creek 

Exposure to 
high water 
temperatures 

Non-lethal:  Limited 
over-summering 
habitat, reduced 
growth, increased 
competition 
 
Sub-lethal:  Increased 
susceptibility to 
disease and predation 
 
Lethal:  Increased 
predation 

Extent of incidental take is rearing 
habitat downstream of Igo from 
June 1 through September 15 where 
water temperature exceeds 60ºF. 
 
Incidental take is exceeded if water 
temperature is greater than 60ºF 
upstream of Igo between June 1 and 
September 15. 
 
 

Same as short term 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

NWC: 
Clear Creek 

Limited 
rearing habitat 
availability 
resulting from 
low summer 
flows (< 80 
cfs) 

Non-lethal:  reduced 
growth, increased 
competition 
 
Lethal: increased 
predation risk 

Extent of take is the difference 
between the habitat necessary and 
the habitat available for the 
population of steelhead 

Extent of incidental take 
will be reduced in the 
future with 
implementation of Action 
I.1.6   

Juvenile 
rearing 
 
 

NSN: 
American 
River 

Folsom/Nimb
us releases 
resulting in 
flow 
fluctuations; 
low flows 

Sub-lethal:  Reduced 
availability of quality 
rearing habitat 
 
Lethal:  Fry 
stranding, juvenile 
isolation, increased 
predation  

Extent of incidental take is limited 
to Folsom/Nimbus releases of 
greater than 4,000 cfs, which is not 
expected to occur frequently.  
Ramping rates also minimize 
incidental take. 
 
The extent of incidental take is 
exceeded if flow increases or 
decreases exceed the ramping rates 

Same as short term 

 755



Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures 
in the 
American 
River during 
juvenile 
rearing 

Sub-lethal:  Disease, 
thermal stress 
 
Lethal:  Predation 
 

The extent of take is potential 
rearing habitat downstream of the 
Watt Avenue Bridge, or the 
established TCP, where water 
temperature exceeds 65°F between 
May 15 and October 31.  Incidental 
take would be reduced with 
implementation of the structural 
improvements and Action V:  Fish 
passage program (Near-term 
actions) 
 
Incidental take is exceeded if the 
water temperature exceeds 65°F 
upstream of the Watt Avenue 
Bridge or TCP between May 15 and 
October 31 

The extent of take will 
decrease with 
implementation of the 
structural improvements 
and Action V:  Fish 
passage program (Long-
term actions) 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

SSN: 
Stanislaus 
River 

Reduction in 
rearing habitat 
complexity 
due to lack of 
channel 
forming flows 

Sub-lethal:  Stress, 
suppressed growth 
rates 
 
Lethal:  Increased 
predation 

The extent of incidental take will be 
the frequency and duration of flows 
that do not inundate the floodplain 
and provide rearing habitat 
complexity after implementing 
Action III.1.3.  Take will be higher 
in the drier water year types than 
the wetter water year types.  
 
Extent of incidental take will be 
reduced by implementation of 
Action V:  Fish Passage Program 
(Near-term actions) 
 
The extent of incidental take is 
exceeded if the frequency and 
duration of flows provided in 
Action III.1.3 are not met.   

Very little amount or 
extent of take, if any, as a 
result of implementing the 
floodplain restoration and 
inundation flows, coupled 
with implementation of 
Action V:  Fish passage 
program (Long-term 
actions) 

Juvenile 
rearing 
and 
downstrea
m 
movement 
 

SSN: 
Stanislaus 
River 

Predation Sub-lethal:  Injury 
 
Lethal:  Mortality 

Amount or extent of incidental take 
is unknown, but the level of 
predation is expected to be reduced 
from current levels from increased 
flows and cold water 

Incidental take is 
expected to decrease with 
implementation of Action 
III.2.3 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 

SSN: 
Stanislaus 
River 

Exposure to 
stressful water 
temperatures 
in the 
Stanislaus 
River at the 
end of 
summer 
affecting 
rearing habitat

Sub-lethal:  
Metabolic stress; 
starvation; poor 
growth;  
 
Lethal:  Loss to 
predation 

Extent of take is habitat that 
exceeds 65ºF downstream of 
Orange Blossom Bridge, especially 
during critically dry years, from 
July through September 
 
Incidental take will be reduced with 
the implementation of Action V:  
Fish passage program (Near-term 
actions). 
 
The extent of incidental take is 
exceeded if the water temperature 
exceeds 65ºF upstream of Orange 
Blossom Bridge, during July 
through September. 

Same as short term, but 
further reduced take with 
implementation of Action 
V:  Fish passage program 
(Long-term actions) 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Smolt 
emigratio
n 
 
 

SSN: 
Stanislaus 
River 

Warm water 
temperatures 
warmer than 
life history 
stage  (Mar - 
June) 

Sub-lethal:  Thermal 
stress 
 
Lethal:  Mortality 
resulting from failure 
to escape river before 
temperatures rise in 
lower river reaches 
 

Extent of incidental take is the 
Stanislaus River downstream of 
Orange Blossom Bridge from 
January through May when 
temperatures are above 57ºF.  This 
is likely to occur more frequently 
during critically dry years, 
particularly in May. 
 
Incidental take will be reduced with 
the implementation of Action V:  
Fish passage program (Near-term 
actions) 
 
The extent of incidental take is 
exceeded if water temperatures 
exceed 57ºF upstream of Orange 
Blossom Bridge during January to 
May, and particularly in May. 

Same as short term. 
 
Incidental take will be 
further reduced with 
implementation of Action 
V:  Fish passage program 
(Long-term actions) 

Smolt 
emigratio
n 
 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures 
in the 
American 
River during 
smolt 
emigration 

Sub-
lethal:Physiological 
effects – reduced 
ability to successfully 
complete the 
smoltification process 
 
Lethal: increased 
susceptibility to 
predation 

Extent of incidental take is habitat 
that exceeds mean daily water 
temperatures greater than 54°F 
during smolt emigration (i.e., 
January through June). Incidental 
take will be reduced with 
implementation of structural 
improvements and Action V:  Fish 
passage program (Near-term 
actions) 

Extent of incidental take 
will decrease from short 
term with the continued 
implementation of the 
structural improvements 
and Action V:  Fish 
passage program (Long-
term actions) 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Smolt 
emigratio
n 

All 
diversity 
groups and 
populations  

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss 
at export 
facilities, 
creation of 
artificial 
freshwater 
system, 
altered 
hydrodynamic
s) 

Non-lethal: 
monitoring and alerts 
triggering DCC 
operations, 
entrainment into 
Central and South 
Delta, harassment, 
handling, and 
research at the export 
facilities 
 
Lethal:  Indirect 
mortality associated 
with predation, direct 
mortality associated 
with the Federal and 
State fish facilities 
and the CHTR 
process. 

DCC operation:  The extent of take 
is the frequency of DCC opening 
prior to December 15 (when water, 
and therefore, fish, are entrained 
into the interior Delta. 
 
Various RPA actions, like OMR 
flow management and export 
curtailments, reduce the (1) duration 
that CV steelhead are in the Delta, 
(2) the potential for indirect 
predation, and (3) the potential for 
entrainment at the export facilities.  
RPA Actions IV.2.1 and IV.2.2 
specifically address San Joaquin 
River flows and export curtailments 
to minimize take of CV steelhead 
emigrating from the San Joaquin 
River basin. 
 
Various RPA actions at the fish 
facilities will reduce entrainment 
loss and salvage of those fish.  
Incidental take is limited to the 
salvage of 3,000 unmarked juvenile 
and adult CV steelhead that enter 
the Delta throughout the year from 
multiple cohorts. 
 
If performance goals in any 
applicable RPA action (that has 
them) are exceeded, then take is 
exceeded for that action, and 
Reclamation shall reinitiate 
consultation. 

Similar to short term.  
Incidental take of CV 
steelhead emigrating from 
the San Joaquin River is 
expected to decrease with 
implementation of Action 
IV.2.1 Phase 2 and 
utilizing the results of the 
acoustic tagging studies to 
increase survival of 
emigrating CV steelhead 
from the San Joaquin 
River Basin. 



Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Adults 
and 
juveniles 

All 
diversity 
groups and 
populations 

Monitoring as 
provided in 
RPA section 
11.2.1.3 

Non-lethal:  
Harassment, capture, 
handling 
 
Lethal:  Mortality 
through stress 

The amount of non-lethal take is all 
adults and juveniles that are 
captured and handled, including 
incidental mortalities that will likely 
occur through standard monitoring 
techniques. 

Same as short term 

Juvenile/ 
smolt 

All 
diversity 
groups and 
populations 

Contra Costa 
Water District 
Pumping 
Facilities 
(Rock Slough 
Diversion):  
operation of 
Pumping 
Plant #1 on 
Rock Slough 
(the waters 
within the 
Contra Costa 
Canal and the 
immediate 
waters of 
Rock Slough 
surrounding 
the entrance 
to the Contra 
Costa Canal) 

Non-lethal:  Harm 
resulting from delays 
in migration, 
diminishment of 
physical status due to 
delays in migration; 
injury due to 
exposure to reduced 
water quality 
parameters (i.e., 
water temperature, 
dissolved oxygen, 
contaminants) 
 
Lethal:  Entrainment, 
increased predation 

10 juvenile steelhead per year 
entrained and subsequently die. 

10 juvenile steelhead per 
year entrained and 
subsequently die. 
 
When the Rock Slough 
diversion is screened 
sometime in the future 
(expected to be before 
year 2018), incidental 
take will not be expected, 
and therefore, will not be 
authorized. 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juveniles/ 
smolts 

SSN: 
Stanislaus 
River 

Monitoring Non-lethal:  Handling 
stress 
 
Lethal:  Mortality 

Non-lethal take of 60-80 juveniles 
per year, including smolts, from 
Rotary Screw Traps at Caswell and 
Oakdale, based on past years’ 
encounter rates (and under current 
population levels) and longer 
sampling season of December 
through June. 
 
Incidental mortalities are exempt 
this monitoring. 

Incidental take is 
expected to increase as 
the population increases. 

Adults SSN: 
Stanislaus 
River 

Monitoring Non-lethal:  
Harassment, handling 
stress, delayed 
migration 
 
Lethal:  Mortality 

Non-lethal take of 10-25 adults per 
year from the counting weir on the 
lower Stanislaus River, based on 
past years’ encounter rates (and 
under current population levels) and 
a longer sampling season of  
September through March.  
 
Incidental mortalities are expected 
to be no more than 2 adults per 
year. 

Incidental take is 
expected to increase as 
the population increases. 
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Table 13-4.  Summary of incidental take of Southern DPS of green sturgeon. 
Life Stage/ 

Habitat 
Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Adult 
immigration 
and holding 

RBDD gates may 
be closed starting 
June 15 of each 
year until 2012. 

Non-lethal: passage blocked, 
more energy consumed, less 
fecundity, studies 
 
Lethal: downstream passage 
of adults under gates  
 

Non-lethal take of adults for 
studies provided in Appendix 
2-B 
 
The extent of incidental take is 
all green sturgeon at the tail 
end of the spawning migration 
that are precluded access 
above RBDD on or after June 
15.   
 
Injury, impingement, or 
mortality of adults migrating 
downstream when RBDD 
gates are down are also 
exempt, contingent on 
notification requirement (see 
section 13.1.2.2). 

None starting in 2012 directly 
or indirectly resulting from 
RBDD when the gates are up 
year round 
 

Spawning RBDD gates may 
be closed starting 
June 15 of each 
year until 2012. 

Non-lethal:  eggs suffocate, 
physiological effects, delayed 
hatch, greater predation on 
eggs due to accumulation of 
predators below RBDD. 

All green sturgeon that spawn 
downstream of RBDD after the 
RBDD gates close on or after 
June 15 

None starting in 2012 directly 
or indirectly resulting from 
RBDD when the gates are up 
year round 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Embryo 
incubation 
 
 

Water temperatures 
warmer than life 
history stage 
requirements from 
RBDD to Hamilton 
City. 

Lethal and sub-lethal take:  
Mortality of eggs and fry 
resulting from less suitable 
water quality, including 
suffocation of eggs from less 
flow, physiological effects, 
delayed hatch, and greater 
predation on eggs and fry due 
to presence of non-native 
introduced warm-water 
species. 

Extent of incidental take is 
water temperatures from 
RBDD to Hamilton City that 
exceed life history stage 
requirements following the 
implementation of Action 
Suite I.2. 
 
Frequency expected to increase 
during multiple dry/critically 
dry years 
 
If TCP performance goals in 
the RPA action are exceeded, 
then take is exceeded for this 
action, and Reclamation shall 
reinitiate consultation 

Considerably less than short 
term (if any), as more green 
sturgeon will spawn upstream 
of RBDD when the gates are 
up year round 

Eggs, 
larvae, 
juvenile, 
adults 

Studies in 
Appendix 2-B 

Non-lethal:  adults for 
radiotelemetry, egg 
extraction; juvenile tagging, 
lab experiments  
 
Lethal:  Eggs, larvae, and 
juveniles collected for genetic 
sampling 
 
 

Amounts of lethal and non-
lethal take according to the 
proposed studies in Appendix 
2-B, including:  
 
Up to 10 adult green sturgeon 
annually for 3 years.  Of those, 
up to 2 females and 4 males 
will be also spawned. 
 
Up to 100 juvenile wild green 
sturgeon will be captured and 
retained per year for 3 years.   

Same as short term until 
studies are completed 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Juvenile 
rearing 

Increased juvenile 
mortality related to 
emigration when 
RBDD gates are 
closed from June 15 
through August 31 

Lethal take:  Mortality 
resulting from predation  
 
 

Extent of incidental take is all 
juveniles exposed to predation 
as they pass through Lake Red 
Bluff and RBDD from June 
15-August 31 of each year. 
 
Incidental take will be 
exceeded if RBDD gates go 
down any time outside of the 
June 15-August 31 time period 

None starting in 2012 when 
the gates are up year round 

Juvenile 
rearing 

Reduced quality of 
juvenile rearing 
habitat related to 
the formation of 
Lake Red Bluff 
when the RBDD 
gates are in. 

Non-lethal take:  Reduction 
in rearing habitat quality and 
quantity; change in riparian 
habitat, change in river 
conditions, change in food 
supply. 

Extent of incidental take is the 
6-mile long Lake Red Bluff 
that forms annually from June 
15 through August 31 when 
the RBDD gates are down. 
 
Incidental take will be 
exceeded if Lake Red Bluff is 
created (i.e., when the RBDD 
gates go down) any time 
outside of June 15-August 31 

None starting in 2012 when 
the gates are up year round 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Eggs, 
larvae, 
juvenile-- 
rearing 

Screened CVP 
diversions on the 
Sacramento River 
to the Delta 

Non-lethal:  Harassment 
 
Lethal:  Mortality 

Extent of incidental take is all 
eggs, larvae, and juveniles 
exposed to the screens. Type 
of incidental take would 
include harassment for those 
eggs, larvae, and juveniles that 
would be returned to the river 
unharmed through the 
bypasses.  Lethal take through 
entrainment into the diversions 
is expected for a portion of the 
eggs and larvae.  

Same as short term 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Juvenile 
rearing 

Unscreened CVP 
diversions  

Lethal:  Mortality Extent of incidental take is all 
juveniles exposed to and 
entrained (with subsequent 
mortality) through unscreened 
CVP diversions.  This take is 
exempted for an interim 5 
years, pending future section 7 
consultations on individual 
contract renewals and/or 
individual fish screens 
associated with the AFSP and 
implementation of RPA Action 
I.5.   
 
Incidental take is exceeded if a 
CVP contractor exceeds their 
diversion volume or if 
currently compliant screens are 
removed or allowed to lapse 
into disrepair to the point that 
they no longer meet NMFS 
fish screening criteria (NMFS 
1997a). 

Less than short-term, as each 
unscreened CVP diversion is 
screened through the CVPIA 
AFSP.  
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Juvenile and 
subadult 
 
 

Cumulative direct 
and indirect loss 
and salvage 
associated with 
export operations 
(DCC operations, 
loss in Delta 
interior, loss at 
export facilities, 
creation of artificial 
freshwater system, 
altered 
hydrodynamics). 
 

Non-lethal:  entrainment into 
Central and South Delta, 
harassment, handling, and 
research at the export 
facilities during the salvage 
and CHTR process. 
 
Lethal:  Indirect mortality 
associated with predation, 
direct mortality associated 
with the Federal and State 
fish facilities and the CHTR 
process. 
 

Various RPA actions, like 
OMR flow management and 
export curtailments, reduce (1) 
the potential for indirect 
predation, and (2) the potential 
for entrainment at the export 
facilities. 
 
Various RPA actions at the 
fish facilities will reduce 
entrainment loss and salvage 
of those fish.  Green sturgeon 
salvage and loss is highly 
variable, but is not expected to 
exceed the 10-year historical 
average of 74 and 106 
juveniles, respectively, per 
year. 
 
If performance goals in any 
applicable RPA action (that 
has them) are exceeded, then 
take is exceeded for that 
action, and Reclamation shall 
reinitiate consultation 

Take will be further reduced 
with implementation of 
measures to reduce pre-screen 
loss, improve screening 
efficiency, and improve 
predator control methods in 
Clifton Court Forebay and at 
the “end of the pipe.” 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Adults and 
juveniles 

Monitoring as 
provided in RPA 
section 11.2.1.3 

Non-lethal:  Harassment, 
capture, handling 
 
Lethal:  Mortality through 
stress 

The amount of non-lethal take 
is all adults and juveniles that 
are captured and handled, 
including incidental mortalities 
that will likely occur through 
standard monitoring 
techniques. 

Same as short term 

Green 
Sturgeon 
juveniles, 
subadults, 
adults 

Treatment of 
Clifton Court 
Forebay with 
Cobber-based 
herbicides 

Sublethal:  diminishing 
olfactory responses by 
altering membrane potentials 
and responses to odor stimuli, 
altering cellular membrane 
function.   
 
Lethal:  mortality. 

4 days between July 1 and 
August 31, up to twice per 
season 

4 days between July 1 and 
August 31, up to twice per 
season 
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13.1.2  Operation of CVP and SWP Dams and Reservoirs 
 
13.1.2.1  Flood Control Operations 
 
Heavy rainfall within upstream basins during the winter and spring months is likely to trigger 
flood control operations and reservoir releases to downstream areas at CVP and SWP reservoirs 
in 10-25% of the years, resulting in short-term, high flow, events in Clear Creek, the upper 
Sacramento River, American River and the Stanislaus River.  Extremely high flow events may: 

• scour Chinook salmon and steelhead redds, and result in the injury and mortality of 
Chinook salmon and steelhead eggs and sac-fry; 

• displace and disperse sac-fry and larval fish stages downstream into unsuitable habitats 
for their life stage.   

• strand and isolate winter-run, spring-run, and CV steelhead fry and juveniles from the 
mainstem river channels.  If additional high flow events do not follow within a short 
period of time, these isolated juveniles may be lost to predation, lethal water temperatures 
conditions, or dessication. 

 
Flood control releases can occur multiple times a year, depending on the Corps’ flood control 
curves for filling project reservoirs.  In general, these impacts are less than an unregulated river 
due to the presence of the dam.  The frequency of occurrence is likely to increase with 
implementation of the RPA, due to maintaining higher storage levels through the winter months 
in Shasta Reservoir.   
 
Take of adult winter-run, spring-run, CV steelhead, and green sturgeon is not anticipated due to 
flood control operations.   
 
13.1.2.2  Red Bluff Diversion Dam 
 
Delays to upstream migration of adult winter-run, spring-run, CV steelhead, and green sturgeon 
at the RBDD are expected to decrease considerably due to the extended gate openings in the 
RPA, and completely eliminated after completion of the Red Bluff Pumping Plant.  Average 
delays of 11 days (range from 1- 40 days) have been reported by radio-tagging experiments on 
spring-run (USFWS 1990).  Delays in migration are expected to increase the chance that 
spawning will be unsuccessful.  In 10-25 percent of years (dry and critical), it is expected that 
some adult spring-run spawners will be unable to access tributary streams above the RBDD, due 
to low flows and thermal barriers developing at the tributary mouth during the time the fish were 
delayed in their migration.  The potential amount of take is difficult to predict, but take will be 
reduced due to interim gate openings until 2012, and completely eliminated after 2012 when the 
new pumping plant becomes operational.  Likewise, approximately 30 percent of adult green 
sturgeon are blocked from spawning above RBDD under current operations.  The level of 
spawning success below RBDD is unknown, but is presumed to be lower than in the river 
reaches above RBDD.  Incidental take in the form of migration delays, pre-spawn mortality, 
lower fecundity, increased juvenile predation, and reduced rearing habitat associated with the 
interim operations of the RBDD (incidental take is not expected with gates out year round 
starting in year 2012) 
 



Interim operations at RBDD for green sturgeon provide for 18-inch gate openings.  These gate 
openings, coupled with a considerably reduced duration of gates down operation (2.5 months 
compared to 4 months plus a provision for a 10-day emergency closure from the 2004 CVP/SWP 
operations Opinion), would likely allow adult green sturgeon to pass downstream underneath the 
RBDD gates uninjured.  A provision in RPA Action I.3.3 allows the RBDD technical team to 
modify the opening to 12 inches if necessary to maintain the structural integrity of the dam 
and/or adequate attraction flows for salmonids at the fish ladders, or in consideration of other 
real-time fish migratory issues.  In the event that adult green sturgeon are impinged, injured, or 
suffer mortality as a result of implementing RPA Action I.3.3, that incidental take is covered.  As 
a condition of this take authorization, any observation of an impinged, injured or dead green 
sturgeon must reported within 24 hours to the NMFS Sacramento Area Office Supervisor At 
(916) 930-3600, followed by written documentation through electronic mail to 
maria.rea@noaa.gov. 
 
13.1.2.3  Water Temperatures and Flows 
 
In wet and above normal years, water temperatures are in the preferred range for winter-run, 
spring-run, CV steelhead, and green sturgeon for at least a portion of: (1) Clear Creek from 
Whiskeytown Dam to the Powerline Crossing Road (RM 5); (2) the Sacramento River from 
Keswick Dam to Red Bluff; (3) the American River from Nimbus Dam to Watt Avenue; and (5) 
the Stanislaus River from Goodwin Dam to Riverbank.   
 
Dry hydrologic conditions or moderate precipitation will create low instream flows below CVP 
and SWP controlled reservoirs.  Operation of the reservoirs during these hydrologic conditions 
will result in some incidental take, including: 

• dewatering of some winter-run, spring-run, and CV steelhead redds, and egg and pre-
emergent fry mortality. 

• mortality of juvenile CV steelhead resulting from high water temperatures (e.g., Clear 
Creek and American River). 

• Reduced availability and suitability of winter-run, spring-run, and CV steelhead habitat 
for juvenile rearing and emigration. 

• Adult salmonids not being able to reach spawning areas within tributary streams by 
creating thermal barriers and subjecting them to increased poaching or predation in 
summer holding pools. 

 
13.1.3  Maintenance of Project Facilities 
 
13.1.3.1  Screened and Unscreened Water Diversions 
 
Take from each screened CVP diversion that meets NMFS (1997a) fish screen criteria is 
expected to be less than the 5 percent (of the fish exposed to the screen).  NMFS (1997a) were 
specifically designed to protect fry-sized salmonids, and green sturgeon eggs and larvae are 
smaller.  Therefore, a greater proportion of green sturgeon eggs and larvae than salmonid fry are 
expected to be entrained (and die) at the screened CVP diversions.  Non-lethal take is expected 
to occur as juvenile fish are bypassed through and around pumps back to the river.  Additional 
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mortality occurs from predation at fixed release sites, since predators learn to take advantage of a 
steady supply of disoriented fish.   
 
The CVP/SWP operations BA analyzed the impact 123 unscreened diversions located 
downstream of RBDD based on previous studies at unscreened diversions (Hanson 2001), and 
average juvenile passage from 1994 through 1999 at RBDD (Gaines and Martin 2002 op. cit. 
CVP/SWP operations BA).  Timing and quantity of diversions was based on the monthly 
averages for CVP contractors with unscreened diversions from 1964 through 2003.  A summary 
of the estimated entrainment by month is presented in table 13-5.  Adequate funding of the 
CVPIA - AFSP (RPA Action I.5) is expected to reduce the amount and extent of juvenile loss to 
unscreened diversions. 
 
Take for unscreened CVP diversions is authorized for an interim 5 years, pending future section 
7 consultations on individual contract renewals and/or individual fish screens associated with the 
AFSP and implementation of RPA Action I.5.  Prior to the 5-year time frame, NMFS will 
reassess the status of screening or protecting fish from these diversions and assess the status of 
this incidental take exemption. 
 
Table 13-5.  Estimated monthly entrainment of juvenile salmonids for 123 unscreened 
diversions in the Sacramento River based on historic water usage (Project + Base supply) 
and fish passage estimates from 1994 to 1999 at Red Bluff Diversion Dam (summarized 
from Tables 11-12 through 11-16 in the CVP/SWP operations BA). 
 April May June July August Sept. Oct. Total 
Average flow 
(cfs) 

10,404 9,435 11,110 13,082 9,683 6,730 7,013 

Winter-run 4 2 0 342 3,545 3,241 308 7,442
Spring-run  439 82 3 0 0 0 14 538
O. mykiss 18 132 37 26 117 62 2 394
Fall-run 6,754 4,237 3,645 1,788 685 53 1 17,163
Late fall-run 371 285 127 196 495 117 23 1,613
Green sturgeon 0 24 36 96 43 1 0 200
 
13.1.4  Monitoring and Research Studies Associated with Project Operations and Facilities 
 
The adaptive management process described in the Proposed Action, is based on the continuation 
of monitoring programs both upstream and in the Delta.  The information obtained from these 
programs is used in making real time decisions regarding project operations.  Incidental take for 
these monitoring programs can be quantified and has been previously authorized under 
individual section 10 permits, but presented here as they are interdependent with CVP/SWP 
operations.  Upstream monitoring consists of fish ladder counts at RBDD; carcass surveys; redd 
counts; and juvenile monitoring on Clear Creek, Sacramento River (RBDD trapping, Knights 
Landing, Sacramento Trawl), American River, and other tributaries.  In the Delta, monitoring 
consists of Chipps Island Trawl, Tracy and Skinner Fish Collection Facilities (described later), 
and CCWD monitoring at Old River, Rock Slough and the new Victoria Canal diversions.  On 
the San Joaquin River, juvenile monitoring will continue with trawling at Mossdale and in the 
Stanislaus River. 
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Fisheries studies that capture and collect juvenile CV steelhead in the Stanislaus River by screw 
traps will evaluate New Melones Reservoir operations on anadromous salmonids.  Based on past 
sampling by screw traps at the Oakdale sampling site, up to 60 steelhead smolts and pre-smolts 
may be captured and released below the trapping site.  Previous sampling experience with screw 
traps in the Stanislaus River indicates that all captured steelhead can be maintained in good 
physical condition and released unharmed back into the river.  
 
Non-lethal take, and any associated incidental mortalities, associated with all monitoring 
required in this Opinion are covered through this ITS, including, but not limited to, 
implementation of the Steelhead Monitoring Program (e.g., through fyke nets on the Sacramento 
River, rotary screw traps, weirs, and acoustic tagging studies), implementation of the CVPIA 
Tracy Fish Facility Program research studies, SWP CHTR studies, and creation of a new 
monitoring site located on the Sacramento River between RBDD and Knights Landing.   
 
Additional take is associated with proposed monitoring and research studies linked with the 
movements and behavior of green sturgeon in the Sacramento River and Delta systems as part of 
the RPA for RBDD.  Study designs require that up to 10 adult green sturgeon be captured 
annually for 3 years (30 fish) and tagged with internal acoustic transmitters.  Each year, up to 6 
adult green sturgeon will be retained for spawning purposes prior to tagging (2 females and 4 
males), and then subsequently released back into the river.  Furthermore, up to 100 juvenile wild 
green sturgeon will be captured and retained per year for 3 years (300 fish).  The fish will be 
grown out to a size at which they can also be successfully tagged with acoustic transmitters and 
released back into the Sacramento River and Delta systems to monitor movements and behavior.  
Depending on the success of the captive hatchery produced juvenile green sturgeon population, 
wild fish will be replaced with captive stock as they become available.  The above take is 
expected to be non-lethal.  However, incidental mortalities resulting from the green sturgeon 
monitoring and research studies are covered in this ITS. 
 
13.1.5  Operations in the Delta 
 
In the Delta, incidental take in the form of death, injury, and harm to juvenile and adult winter-
run, spring-run, CV steelhead, and southern DPS of green sturgeon is anticipated due to changes 
in the Delta hydrology created by the operation of the DCC gates and at Jones (CVP) and Harvey 
Banks (SWP) export pumping plants (Delta pumping plants).  This take includes reduced 
survival of juvenile winter-run, spring-run, CV steelhead, and green sturgeon diverted through 
the DCC into the central Delta from:  (1) elevated water temperatures and poorer water quality 
within the central Delta; (2) losses due to entrainment at unscreened water diversions within the 
central Delta; (3) predation associated with the waterways of the central and southern Delta; (4) 
reverse flow conditions as a result of CVP/SWP pumping; and (5) direct loss at the Delta 
pumping facilities within the southern Delta.  In addition, delays and increased straying are 
expected when adult salmonids encounter the backside of the DCC gates in the closed position 
after moving upstream through the Mokelumne River system from the San Joaquin River system.   
 
CV steelhead emigrating from the San Joaquin River basin will also face mortality, injury, and 
harm through greater diversion into the Old River, Turner Cut, and Columbia Cut due to the 
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influence of the CVP/SWP export pumps.  Negative flows in Old and Middle River will increase 
exposure time to higher water temperature, increased predation, increased contaminants, and 
direct losses at CVP/SWP export pumps.  Incidental take through the collection, handling, 
trucking, and release of salvaged juveniles and adults at the Tracy and Skinner Fish Collection 
Facilities is expected to decrease as exports and negative OMR flows are reduced due this RPA 
and the USFWS’ Opinion on delta smelt.   
 
Incidental take at the unscreened Rock Slough diversion into Contra Costa Canal is expected to 
continue in the near-term (next 3 years), but at much lower levels than historically due to:  (1) 
less volume of water diverted, (2) greater use of other screened facilities to compensate for Rock 
Slough diversions, and (3) construction activities associated with the enclosing the canal.   In the 
long-term take is expected to be non-existent due to canal encasement and construction of a new 
fish screen at the Rock Slough Headworks (Reclamation 2009). 
 
Operation of the DCC gates and Delta pumping plants are expected to cause mortality of winter-
run, spring-run, green sturgeon, and CV steelhead emigrating from the Sacramento River basin 
through entrainment into the central Delta where survival rates are expected to be demonstrably 
reduced compared to the mainstem Sacramento River and northern Delta channels.  In most 
years these losses will be minimized by intermittent DCC gate closures from October through 
January and mandatory closures from February 1 to May 20 (SWRCB, D-1641).  Current 
mortality of winter-run, spring-run and CV steelhead juveniles that are diverted into the central 
Delta ranges from 33 to 95 percent (Brandes and McLain 2001, USFWS 2001-2004) depending 
on a variety of factors.  These mortalities are generally attributed to increased residence time, a 
longer migration route, reverse flows, altered salinity gradient, predation, elevated water 
temperatures, contaminants, and reduced food supply (CDFG 1998; McEwan 2001, Vogel 2004) 
with an estimated reduction of the population entering the Delta from the upper Sacramento 
River basin of 5 to 20 percent due to the losses in the Delta interior.  While losses at the CVP and 
SWP Delta pumping facilities can generally be quantified through observations of salvaged fish 
at the Tracy and Skinner Fish collection facilities, the difference in through-Delta mortality as a 
result of proposed operation of the Delta pumping plants is difficult to detect and quantify 
because dead or injured juvenile fish cannot be readily observed or accounted for. Overall, 
implementation of the RPA actions are expected to reduce the level of mortality at the export 
pumps (i.e., through DCC gate closures, OMR flow restrictions, new flow criteria for the San 
Joaquin River, and implementation of the actions in the USFWS’ 2008 biological opinion to 
protect Delta smelt. 
 
13.1.6  Quantification of Incidental Take at the CVP and SWP Delta Pumping Facilities 
 
Loss of winter-run, spring-run and CV steelhead juveniles is monitored at the CVP and SWP 
Delta pumping facilities utilizing different methods, as provided below. 
 
Expanded losses based on salvaged fish are quantified in table 13-6.  These numbers are difficult 
to assess due to the difficulty in determining the race of the salvaged salmonids, which is 
determined based on the size of the fish at date of capture from look-up tables.  There is 
significant overlap in the size criteria, especially between spring-run and fall-run.   
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Table 13-6.  Combined CVP/SWP salvage and loss by ESA-lised species, hatchery and wild 
fish combined from 1993-2009 (source:  CDFG database). 

  Steelhead Spring-
run 

Winter-
run Green Sturgeon 

Year Salvage Lossa Lossb,c Lossc Salvage Lossd 
1993 16,972     1,922    
1994 1,361    1,004    
1995 2,437   38,581 1,351 125 166 
1996 5,380   33,466 7,611 108 144 
1997 963   57,083 518 113 150 
1998 1,008   28,259 2,886 112 149 
1999 2,571   128,172 4,173 108 144 
2000 9,272   98,801 8,307 21 28 
2001 12,819 38,270 41,396 23,392 15 20 
2002 3,590 9,435 14,581 10,048 84 112 
2003 12,850 29,526 42,904 29,551 18 24 
2004 9,773 22,852 11,575 26,591 0 0 
2005 3,597 6,960 30,927 5,337 16 21 
2006 3,797 11,654 13,633 3,853 204 271 
2007 5,635 9,070 5,257 5,332 185 246 
2008 3,831 9,529 12,005 6,901 8 11 
2009e 1,312 3,098 6,916 1,461 0 0 
total 97,168 140,394 563,556 140,238 1,117 1,485 

average  5,715 15,599 37,570 8,249 74 106 
 a Steelhead loss expansion based on Chinook salmon loss rates for CVP and SWP (Clark 2009), 
 
b 

Spring-run loss represents only those fish identified by length-at-size, unknown how many spring-run are actually salvaged. 

 
c 

Winter-run and spring-run losses include ad-clipped fish 
 d Green sturgeon loss assumes 95 percent louver efficiency (Kynard and Horgan 2001) with cleaning loss applied (i.e., salvage 

(1/.75) = time louvers are lifted out of water.  Cleaning time varies from 4 hrs/day to 12 hrs/day, depending on debris load, 
averaged to 6 hrs/day or 25% of time 

 
e 

2009 salvage numbers are preliminary as of 5/04/09 

 
The losses in table 13-3 do not include losses at the Tracy Fish Facility when the louvers are 
raised for cleaning, nor does it include predation losses at the release site.  
 
13.1.6.1  Juvenile Winter-Run 
 
In an effort to better identify juvenile Chinook salmon, DWR has conducted genetic studies for 
several years at the CVP and SWP fish facilities.  Although preliminary, these studies have 
shown roughly 50 percent of those fish identified by size as winter-run are genetically winter-run 
(Sheila Greene, pers. comm. 2008).  Based on the actions provided in the RPA to minimize 
direct and indirect losses, combined incidental take of juvenile winter-run will not exceed 2 
percent (based on size criteria described above, which is actually approximately 1 percent 
genetically determined winter-run) of the estimated JPE between the CVP and SWP pumping 
plants. 
 
13.1.6.2  Juvenile Spring-Run 
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Similar to winter-run, genetic studies have been conducted on spring-run (based on the size of 
the fish at date of capture from look-up tables) at the CVP and SWP fish facilities to determine 
its genetic race.  Although preliminary, these studies have shown that less than 50 percent of 
those fish identified by size as winter-run are genetically winter-run (most were genetically fall-
run).  However, for Chinook salmon, the losses are probably overestimated due to the inability to 
identify individuals to race (e.g., most Chinook salmon reported to be within the spring-run size 
category are actually fall-run).   
 
Incidental take of yearling spring-run is based on observations of CWT late fall-run uniquely 
marked at Coleman National Fish Hatchery and released in the upper Sacramento Basin as 
spring-run surrogates.  These uniquely marked late fall-run are expected to serve as appropriate 
surrogates for spring-run because they would be released to begin their emigration and 
smoltification passage through the Delta at approximately the same time and size as wild spring-
run.  Spring-run surrogate release groups will be identified by NMFS, in consultation with 
USFWS and CDFG.  Since the surrogates would experience the same conditions in the 
Sacramento River, NMFS anticipates that they will be entrained at the export facilities at 
comparable rates to the wild fish.  Using marked late fall-run as surrogates, incidental take of 
spring-run is not expected to exceed 1 percent.  Take will be calculated with the standard loss 
estimation procedures applicable at the respective fish collection facilities. 
 
Due to expanded monitoring efforts in the upstream tributaries, wild spring-run juveniles are 
being tagged with CWTs as they migrate downstream to the Sacramento River.  In 2003, there 
were 97,529 tagged in Butte Creek and 36,415 tagged in the Yuba River (CDFG 2004b).  Since 
it is standard practice at the Delta Fish Collection Facilities to kill all Chinook salmon that are 
CWT tagged for identification purposes, a certain amount of lethal take is expected for these 
wild spring-run.  In the 2002-2003 Sacramento River winter-run Chinook Incidental Take Report 
(DWR 2004), no wild spring-run were reported at the Delta fish collection facilities, however six 
tags were recovered from the USFWS Sacramento trawl and Chipps Island trawl studies in April 
and May.  NMFS expects that in April and May a small number of tagged wild spring-run will 
be entrained and therefore killed during the sampling process (i.e., 10 minute counts) at the Delta 
Fish Collection Facilities.  
 
13.1.6.3  Juvenile Steelhead 
 
Although estimates of steelhead abundance exist (e.g., figures 4-4 and 5-12), NMFS is not aware 
of any DPS-wide estimate of CV steelhead abundance in order to determine an appropriate level 
of incidental take.  Therefore, until population estimates can be made that are representative of 
the DPS, the incidental take will be based on the historical salvage.   
 
Incidental take of steelhead is based on yearly observations of unmarked steelhead at the CVP’s 
Tracy and SWP’s Skinner fish collection facilities during the period of October 1 through 
September 30.  Until a suitable JPE is developed, the combined cumulative salvage of unmarked 
juvenile and adult CV steelhead at the CVP and SWP Delta pumping facilities is not expected to 
exceed 3,000 unmarked juvenile and adult CV steelhead.  Generally, these fish are returned alive 
to the Delta waters through the collection, trucking and release program at the CVP and SWP 
pumping facilities. 
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Given the current status of CV steelhead in the Southern Sierra Nevada Diversity Group, and that 
at the export facilities, the origin of steelhead cannot be determined, incidental take of CV 
steelhead will be revisited under term and condition 13.4.2(a) and again following results of the 
acoustic tagging studies pursuant to RPA Action IV.2.2. 
 
13.1.6.4  Green Sturgeon 
 
There is no known population estimate for green sturgeon in order to determine an appropriate 
level of incidental take.  Therefore, until a population estimate can be made, the incidental take 
will be based on the historical salvage.  Green sturgeon salvage and loss is highly variable, but is 
not expected to exceed the 10-year historical average of 74 and 106 juveniles, respectively, per 
year.  As the Proposed Action is implemented in the future, the green sturgeon population is 
expected to increase to varying degrees, resulting in an increase in incidental take.  Therefore, 
incidental take should be reassessed at every NMFS status review (i.e., every 5 years) and 
adjusted as new information becomes available.   
 
13.1.7  Fish Facilities Studies 
 
Incidental take associated with Fish Facilities studies and evaluations are conducted with the 
objective of improving the fish salvage process (table 13-5).  These studies include incidental 
take that occurs above and beyond the normal salvage operations due to additional handing and 
stress associated with such actions as gill netting, electro-shocking, and seining within or around 
the facility.  No direct mortality was reported in 2008, however, the estimated non-lethal take 
based on salvage data and run timing was 232 winter-run, 6,679 spring-run, 791 steelhead, and 
11 green sturgeon (table 13-7).  Studies are also conducted on fish collection, trucking, and 
handling at the Skinner Fish Facility.  The added stress of these studies on fish could potentially 
disrupt feeding, reduce the health, and impair the smoltification process. 
 
Table 13-7.  Estimated incidental take associated with studies conducted at the Tracy Fish 
Facility based on historical salvage data from 1998-2002. 

Estimated incidental take from Tracy Fish Facility Studies 2008- 2010 

Proposed Studies Winter-run Spring-run Steelhead** 
  

Green  
Sturgeo
n 

  

Non-
letha

l 
Letha

l

Non-
letha

l
Letha

l
Non-
lethal

Letha
l 

Non-
lethal Lethal

Abandoned Intake 
Channel 0 0 0 0 0 0 0 1
CO2 Predator Removal 16 1 38 1 25 1 1 1
Fish Holding 18 0 0 0 6 0 1 0
Holding Tank Screen 2 0 268 0 6 0 2 0
Debris Study 0 1 2 1 0 1 1 1
New Secondary 
System (lab) 0 0 0 0 0 0 0 0
Predator Numbers 12 60 29 60 19 60 0 0

 777



Above Ground Tank 5 0 4 0 3 0 1 0
Crab Screen Study 36 0 445 0 118 0 1 0
Full Facility Evaluation 71 0 2888 0 161 0 1 0
Holding Tank Swirl 
Test 71 0 2895 0 132 0 1 0
Louver Cleaning Test 0 1 0 1 2 1 1 1
Predator Impacts for 
VAMP 1 0 110 0 319 24 1 0

Total by species* 232 63 6679 63 791 87 11 4
*2008 actual mortality reported = 0       
**steelhead includes hatchery+ wild       

 
13.1.8  CCWD Diversion 
 
From 1994 to 1996, CDFG estimated expanded juvenile losses (i.e., entrainment losses plus 
losses due to predation) of 257 winter-run, 2,215 spring-run, and 738 steelhead.  Since NMFS’ 
2004 CVP/SWP operations Opinion was issued, CCWD initiated several improvements that 
reduce the entrainment at the Rock Slough diversion.  These include:  (1) the Canal Encasement 
Project currently under construction; (2) the Alternative Intake Project scheduled to be 
completed in the summer of 2010; (3) reduced diversions at Rock Slough, since Old River Intake 
became operational in 1998; and (4) a Water Use Efficiency Program.  The Canal Encasement 
Project will eliminate tidal flows into the unscreened canal, significantly reducing entrainment, 
predation, and improving the feasibility of screening the Rock Slough intake.  In addition, due to 
other agreements with CDFG, SWRCB, and USFWS, the CCWD must cease diversions for 30 
days in April in order to protect larval delta smelt that can become entrained in the fish screen.  
These operating criteria minimize contact between juvenile salmonids and their food supply, and 
the fish screen, in the spring.  Direct losses due to entrainment are not expected to exceed 5 
winter-run juveniles, 10 spring-run juveniles, and 10 steelhead annually based on the last 10 
years of monitoring behind the Pumping Plant and Headworks (table 13-8).  This incidental take 
does not account for extrapolated losses due to predation in the Contra Costa Canal and losses 
through the pumping plant.   
 
Under CVPIA section 3406(b)(5), Reclamation is required to construct a fish screen at CCWD’s 
Rock Slough intake.  The USFWS granted Reclamation an extension on fish screen construction 
until December 2008.  On March 26, 2009, Reclamation again requested a 10-year extension of 
the construction completion date until 2018 and amendment of the Los Vaqueros Biological 
Opinion (letter from Carl Dealy, Reclamation, to Susan Moore, USFWS).  If, and when, a fish 
screen is eventually built on Rock Slough, incidental take is not expected to occur.  At such time 
as a fish screen on Rock Slough becomes operational, the authorized incidental take in this ITS 
will no longer apply. 
 
Table 13-8.  Summary of ESA listed fish captured at the Rock Slough Headworks and 
Pumping Plant #1 and water diverted from 1998-2008 (Source CVP/SWP operations BA 
table 13-30). 
Year 199

8 
199
9 

200
0 

200
1 

200
2 

200
3 

200
4 

200
5 

200
6 

200
7 

200
8 

total
s 
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Winter 1 0 0 0 0 0 0 0 0 0 0 1 
Spring 0 0 0 0 0 0 6 4 4 0 0 14 
Fall/LF 0 0 3 0 0 0 7 10 1 0 0 21 
Steelhea
d (Ad-
clip) 

0 0 0 0 0 0 0 0 0 0 8 8 

Steelhea
d (no-
clip) 

0 0 0 0 0 0 0 3 2 1 0 6 

Steelhea
d 
unknown 

0 0 0 0 0 0 0 1 0 0 0 1 

Green 
Sturgeon 

0 0 0 0 0 0 0 0 0 0 0 0 

Water 
diverted 
in TAF 

68 43 51 27 36 27 31 35 43 39 6 408 

 
13.1.9  Implementation of Sacramento River Basin Salmonid Rearing Habitat 
Improvements (i.e., RPA Action Suite I.6) 
 
Rearing habitat improvement projects described in the RPA could be implemented in the 
mainstem Sacramento River and in any part of the tributary subbasins (e.g., Feather River, 
American River, San Joaquin River, and Clear Creek).  Some habitat projects will have negative 
effects during construction (e.g., increased turbidity, sediments, short-term and temporary 
disturbances, and contamination from machinery).  These are expected to be minor, occur only at 
the project scale, and persist for a short time.  The inundation of the Yolo Bypass is expected to 
cause incidental take from these short-term adverse effects, and from predation within the project 
area from non-native introduced fish species. 
 
Take of listed salmonids resulting from rearing habitat improvement projects developed to 
implement this RPA and authorized, funded, or carried out by Reclamation and DWR that are 
consistent in type, design, and implementation to those covered by the ESA Section 7 Formal 
Programmatic Consultation and Magnuson-Stevens Fishery Conservation and Management Act 
Essential Fish Habitat Consultation for the Implementation of the CVPIA and CALFED CY 
2003-2010, falls within the take provisions of that Biological Opinion (NMFS 2003).  Take 
resulting from projects that fall outside of the explicit criteria in the CVPIA or CALFED 
Opinions will require separate and subsequent consultation. 
 
13.1.10  Operation of the Nimbus Fish Hatchery Steelhead Program 
 
The RPA requires actions to ensure that the Nimbus Fish Hatchery Steelhead Program does not 
reduce the viability of the listed steelhead residing in the lower American River (i.e., below 
Nimbus Dam).  NMFS considers fish that are the offspring of hatchery and wild, or hatchery fish 
that spawn in-river, to be natural, non-hatchery fish.  Thus, the juveniles that result from 
hatchery fish spawning in-river would be protected under the ESA (e.g., progeny of hatchery 
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spring-run that spawn in the Feather River, or progeny of hatchery-reared steelhead that spawn in 
the American River would be considered listed under the ESA).  Incidental take associated with 
the Nimbus Fish Hatchery Steelhead Program is covered through this ITS for an interim period 
of 2 years from issuance of this Opinion, with the expectation that a Nimbus Fish Hatchery 
HGMP will be completed at that time and subsequent take will be authorized through the 4(d) 
process. 
 
Nimbus Fish Hatchery annually handles wild steelhead that return with hatchery steelhead up the 
fish ladder.  Current hatchery protocol is to release all unclipped steelhead back to the river to 
spawn.  These fish undergo some handling stress and disorientation in the process.  Adults may 
be delayed from spawning by 1 to 2 days, or may drop back downstream from the stress of 
handling.   Additional stress will result from those fish that encounter the hatchery barrier weir 
and are blocked from migrating further upstream to spawn.  These fish may become injured 
while trying to pass through the weir and drop back downstream.  Steelhead and salmon have 
been observed to drop back downstream after entering fish ladders and encountering barrier 
weirs at RBDD and Iron Gate Hatchery on the Klamath River.  It is likely that steelhead that 
drop back downstream on the American River will either spawn later in time or stray into other 
rivers to spawn. 
 
Based on the historical rate of steelhead that enter the Nimbus Fish Hatchery (table 13-9), NMFS 
anticipates that less than 150 wild steelhead will enter the Nimbus Fish Hatchery annually.  The 
number of unmarked steelhead that encounter the Nimbus Fish Hatchery represents a significant 
(i.e., 30 to 50 percent) portion of the in-river spawning population below Nimbus Dam.  The 
average in-river population is 300 adult spawners based on redd counts from 2002 through 2007 
(Hannon and Deason 2007). 
 
Table 13-9.  Steelhead adult returns to Nimbus Fish Hatchery (source: CVP/SWP 
operations BA) 

Year total return 
(hatchery + wild) 

Number unclipped 
(wild) 

Percent unclipped 

2001 2,877 50 1.7 
2002 1,253 69 5.5 
2003 873 27 3.1 
2004 1,741 17 1.0 
2005 2,772 118 4.3 
2007 2,673 116 4.3 

 
An unquantifiable amount of take is also anticipated as a result of the interrelated and 
interdependent effects of Nimbus Fish Hatchery operations.  These effects primarily stem from 
straying, competition for space, and hybridization between wild fish and hatchery-produced 
salmon and steelhead.  A recent report examining the decline of the Sacramento River fall-run 
found that hatcheries have reduced the variation and diversity of the overall abundance of 
Chinook salmon in the Central Valley, leaving them unsuited to handle varying changes in ocean 
conditions (Lindley et al. 2009).  Remnant populations of spring-run and winter-run were found 
better suited to cope with recent changes in ocean conditions because of life-history diversity that 
can buffer environmental changes (e.g., spawning in summer, or at higher elevations leads to 

 780



delayed ocean entry at a larger size than fall-run) that confers survival advantages upon entry 
into the ocean environment.   
 
13.1.11  Fish Passage Program 
 
RPA Action V, NF4, requires the implementation of a Pilot Reintroduction Program, in January 
2013.  As there is currently only one population of winter-run, non-lethal take will be exempted 
for the number of adult winter-run determined by the Interagency Fish Passage Steering 
Committee, pursuant to Action V, NF3, #1 and 3, as necessary, for the pilot program, provided 
that NMFS concurs in writing with the specific handling procedures associated with the Fish 
Passage Pilot Plan.  NMFS does not anticipate any pre-spawn mortality associated with the pilot 
program.  However, any incidental mortality associated with the pilot program is covered. 
 
Incidental take through this ITS is not covering spring-run above Shasta Dam on the Sacramento 
River, CV steelhead above Folsom Dam on the American River, or CV steelhead above New 
Melones Dam on the Stanislaus River.  The Interagency Fish Passage Steering Committee shall 
convene and determine the best source population of spring-run and steelhead to utilize for each 
of the rivers in this pilot reintroduction program.  Once this is established, Reclamation shall 
apply for an ESA section 10(a)(1)(A) research permit to cover the activities. 
 
In addition, NMFS is not approving any incidental take coverage for the long-term fish passage 
actions.  
 
13.2   Effect of the Take  
 
In the accompanying formal biological opinion, NMFS has determined that the anticipated level 
of incidental take associate with project operations, as modified by the RPA, is not likely to 
jeopardize the continued existence of winter-run, spring-run, CV steelhead, or Southern DPS of 
green sturgeon. 
 
13.3   Reasonable and Prudent Measures  
 
NMFS believes the following reasonable and prudent measures are necessary and appropriate to 
minimize take of winter-run, spring-run, CV steelhead, and the Southern DPS of green sturgeon. 
 
1.  Reclamation and DWR shall monitor the extent of incidental take of winter-run, spring-run, 

green sturgeon, and CV steelhead, associated with the operation of the CVP’s Jones and 
SWP’s Harvey Banks pumping facilities. 

 
2.  Reclamation shall seek to develop an alternative technique to quantify incidental take of listed 

anadromous salmonid species at the Federal and State export facilities. 
 
3.  Reclamation shall minimize the adverse effects of flow fluctuations associated with CVP-

controlled stream operations on listed anadromous fish species spawning, egg incubation, 
and fry and juvenile rearing. 
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4.  Reclamation and DWR shall monitoring all incidental take associated with CVP and SWP 
operations. 

 
5.  Reclamation and DWR shall annually report to NMFS the incidental take resulting from the 

implementation of the Proposed Action. 
 
13.4  Terms and Conditions 
 
Reclamation and DWR must comply or ensure compliance by their contractor(s) with the 
following terms and conditions, which implement the reasonable and prudent measures described 
above. These terms and conditions are non-discretionary. 
 
1.  Reclamation and DWR shall monitor the extent of incidental take of winter-run, spring-run, 

green sturgeon, and CV steelhead, associated with the operation of the CVP’s Jones and 
SWP’s Harvey Banks pumping facilities. 

 
 a. Reclamation and DWR shall calculate winter-run, spring-run, CV steelhead, and 

Southern DPS of green sturgeon loss at the Jones and Banks pumping plants on a real-
time basis from October 1 through June 30 each year.  Loss and salvage shall be 
computed using formulas developed in consultation with CDFG and USFWS and 
approved by NMFS. 

 
 b. Reclamation and DWR shall monitor the loss of juvenile winter-run at the CVP and SWP 

Delta pumping facilities and will use that information to determine whether the 
anticipated level of loss is likely to exceed the authorized level of 2 percent, 
cumulatively, of the estimated number of juvenile winter-run entering the Delta annually.   

 
 c. Reclamation and DWR shall monitor the loss of identified spring-run surrogate release 

groups at the CVP and SWP Delta pumping facilities and use that information to 
determine whether the cumulative estimated level of loss is expected to exceed 1%.   

 
d. Reclamation and DWR shall monitor the salvage of CV steelhead at the CVP and SWP 

Delta pumping facilities and use that information to determine whether the cumulative 
estimated level of salvage is expected to exceed 3,000 unclipped steelhead (juveniles and 
adults combined) at the CVP and SWP Delta pumping facilities.  Incidental take of CV 
steelhead shall be reported as salvage and calculated loss.  

 
e. Reclamation and DWR shall monitor the loss of juvenile green sturgeon at the CVP and 

SWP Delta pumping facilities and use that information to determine whether the 
cumulative estimated level of loss is expected to exceed 110 juveniles annually (previous 
10-year average).  

 
f. If the estimated rate of loss approaches the incidental take level anticipated for any of the 

anadromous fish species at the SWP Harvey Banks pumping facility combined with the 
estimated take at the CVP Jones pumping facility is exceeded, Reclamation and DWR 
shall immediately convene the WOMT to explore additional measures which can be 
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g.  DWR shall collect additional data at the Clifton Court Forebay, the John Skinner Fish 

Collection Facility, and the Harvey Banks pumping plant to monitor the incidental take of 
winter-run, spring-run, steelhead, and green sturgeon and to develop and implement 
improvements to pumping facility operations to further reduce or minimize losses of 
listed salmonids. 

 
h.  DNA tissue samples and CWT samples from juvenile winter-run, spring-run, and 

steelhead at the Tracy and Skinner fish collection facilities shall be collected by DWR or 
CDFG for genetic analysis or tag removal/reading pursuant to the sampling protocols 
established by the IEP Salmon Genetics Project Work Team.  Tissues shall be stored at 
the CDFG tissue bank at Rancho Cordova for subsequent analysis by Oregon State 
University or similar lab approved by NMFS.  Whole fish or heads for CWT processing 
and identification shall be stored at the USFWS Bay/Delta Office in Stockton.  All 
samples shall be clearly marked according to office protocol and a log maintained at each 
storage facility. 

 
b.  Reclamation and DWR shall submit weekly reports to the interagency DAT and an 

annual written report to NMFS describing, as a minimum, the estimated salvage and loss 
of winter-run, spring-run, steelhead, and green sturgeon associated with operations of the 
Jones and Harvey Banks pumping facilities, respectively.   

 
2.  Reclamation shall seek to develop an alternative technique to quantify incidental take of listed 

anadromous salmonid species at the Federal and State export facilities. 
 

a.  In coordination with NMFS, Reclamation shall select and fund an independent contractor 
to determine the best technique to quantify incidental take of winter-run, spring-run, CV 
steelhead, and the Southern DPS of green sturgeon at the Federal and State export 
facilities.  Reclamation shall submit a final report to NMFS by December 31, 2010, 
summarizing the recommendations for quantifying incidental take, with the selection of a 
proposed technique.  The technique for quantifying take shall be implemented 
immediately upon NMFS’ concurrence.  In the event that this measure is not 
implemented immediately and reflected in the annual report per term and condition 3.a. 
below, take authorization for CV steelhead shall cease on December 31, 2011.  Incidental 
take, especially for CV steelhead, but for the other listed anadromous fish species as well, 
may be adjusted based on the application of the new technique to quantify incidental take 
at the Federal and State export facilities.  

 
3.  Reclamation shall minimize the adverse effects of flow fluctuations associated with CVP-

controlled stream operations on listed anadromous fish species spawning, egg incubation, 
and fry and juvenile rearing. 
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a.  Reclamation shall schedule maximum ramping down rates of non-Glory Hole (i.e., non-
flood control) releases from Whiskeytown Reservoir according to the table, below 
(estimated at RM 3.03).  Ramping rates for releases greater than 300 cfs shall be made 
after consultation with the Clear Creek Technical Team, considering:  time of year, time 
of day, timing the change to occur with natural changes in-flow and/or turbidity, size of 
fish present in the creek, species and protected status of vulnerable fish, the amount of 
water required, and relative costs or benefits of proposed flow.  Reclamation shall time 
flow decreases so that the most juvenile Chinook salmon and steelhead experience the 
stage decrease during darkness.  Maximum ramping rate of flow releases from 
Whiskeytown Dam into Clear Creek shall be accomplished based on the following targets 
within the precision of the outlet works or the City of Redding powerplant equipment.  

 
Discharge Ramping Rate 
600-330 cfs 16 cfs / hour 
330-105 cfs 15 cfs / hour 
105-50 cfs 14 cfs / hour 

 
b.  During periods outside of flood control operations and to the extent controllable during 

flood control operations, Reclamation shall ramp down releases in the American River 
below Nimbus Dam as follows: 

 
Lower American River 

Daily Rate of Change (cfs) 
Amount of decrease 

in 24 hrs (cfs) 
Maximum change 

per step (cfs) 

20,000 to 16,000 4,000 1,350 

16,000 to 13,000 3,000 1,000 

13,000 to 11,000 2,000 700 

11,000 to 9,500 1,500 500 

9,500 to 8,300 1,200 400 

8,300 to 7,300 1,000 350 

7,300 to 6,400 900 300 

6,400 to 5,650 750 250 

5,650 to 5,000 650 250 

<5,000 500 100 
 

 c.  During periods outside of flood control operations and to the extent controllable during 
flood control operations, Reclamation shall ramp releases in the Stanislaus River below 
Goodwin Dam as follows: 

  
Existing Release Level 

(cfs) 

 
Rate of Increase 

(cfs) 

 
Rate of Decrease 

(cfs) 
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at or above 4,500 

  
500 per 4 hours 

  
500 per 4 hours    

2,000 to 4,499 
   

500 per 2 hours 
   

500 per 4 hours    
500 to 1,999 

   
250 per 2 hours 

   
200 per 4 hours    

300 to 499 
   

100 per 2 hours 
   

100 per 4 hours 
 
4.  Reclamation and DWR shall monitor all incidental take associated with CVP and SWP 

operations. 
 
 a.  Reclamation shall implement all aspects of RPA section 11.2.1.3 
 
5.  Reclamation and DWR shall annually report to NMFS the incidental take resulting from the 

implementation of the Proposed Action. 
 

a. Reclamation and DWR shall provide an annual written report to NMFS no later than 
October 1 of each year.  This report shall provide the data gathered and summarize the 
results of winter-run, spring-run, CV steelhead, and green sturgeon monitoring and 
incidental take associated with the CVP and SWP operations.  All mortalities must be 
minimized and reported, including those from special studies conducted during salvage 
operations.   

 
b. Reclamation and DWR shall provide reports and updates to NMFS by the specified dates, 

as provided in various RPA actions (e.g., section 11.2.1.3 #3, Action I.1.3, Action Suite 
I.2). 

 
c. Unless otherwise specified during the implementation of these terms and conditions, all 

reports and updates shall be sent to:  
 

Supervisor 
Sacramento Area Office 
National Marine Fisheries Service 
650 Capitol Mall, Suite 8-300 
Sacramento California  95814-4706 
FAX: (916) 930-3629 
Phone: (916) 930-3600 

 
 
14.0  CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the ESA directs Federal agencies to utilize their authorities to further the 
purposes of the ESA by carrying out conservation programs for the benefit of endangered and 
threatened species.  Conservation recommendations are discretionary agency activities to 
minimize or avoid adverse effects of a proposed action on listed species or critical habitat, to 
help implement recovery plans, or to develop information.  NMFS thinks the following 
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conservation recommendations are consistent with these obligations, and therefore, should be 
implemented by Reclamation: 
 
1.  In proposing the SRWRP for a future section 7 consultation, Reclamation should first ensure 

that Shasta Reservoir storage and cold water pool requirements are met, as provided in RPA 
Action I.2.2, and that all construction-related and operational impacts of the SRWRP, both 
upstream and in the Delta, are analyzed in consideration of the operations and effects on 
listed species and critical habitats of the CVP and SWP that were analyzed in this 
consultation. 

 
2.  Reclamation and DWR should continue to work with the BDCP process to develop a 

scientifically-based, alternative conveyance program for the Delta that conserves all ESA-
listed anadromous fish species in the Central Valley.  This effort should evaluate a new point 
of diversion in the Sacramento River without adding new stressors to listed fish and their 
critical habitats.  If NMFS determines that locations and operations are available which 
minimize adverse effects to all listed species and designated critical habitats, then 
Reclamation and DWR should pursue alternative locations and operations for Delta 
diversions. 

 
3.  Reclamation should continue to fund CALFED ERP restoration actions, consistent with 

previous commitment and funding levels, and to fulfill CALFED ROD commitments.  DWR 
should support continued state funding to CDFG to further implementation of the CALFED 
ERP. 

 
4.  Reclamation should conduct studies to determine the economic feasibility and extent of 

biological benefits to listed species and critical habitats of completely removing the RBDD 
from the Sacramento River. 

 
5.  DWR should continue to fund the Amended Delta Fish Agreement (Amendment) to mitigate,  

compensate for, and enhance habitat for anadromous salmonids in the Central Valley.  Past 
actions under this agreement have improved upstream habitats and conditions for spring-run, 
fall-run, and steelhead and have contributed to the current status of the species.  Ongoing 
actions identified in the Amendment should be continued, if the benefits of past actions are to 
be maintained.  NMFS expects that this Amendment will also support implementation of 
actions specified in this RPA, such as re-introduction of winter-run to Battle Creek and 
habitat improvements at the Yolo Bypass, Liberty Island and other areas. 

 
 
15.0  LITERATURE CITED 
 
Aceituno, M.E.  1991.  The relationship between instream flow and physical habitat availability 

fro Chinook salmon in the Stanislaus River, California.  U.S. Fish and Wildlife Service, 
Ecological Services, Sacramento, California Final Report.  May 1993.  92 pages. 

 

 786



Aceituno, M.E.  1993.  The relationship between instream flow and physical habitat availability 
for Chinook salmon in the Stanislaus River, California.  U.S. Fish and Wildlife Service, 
Ecological Services, Sacramento Field Office, Sacramento, California.  71 pages. 

 
Adams, B.L., W.S. Zaugg, and L.R. Mclain.  1975.  Inhibition of Salt-Water Survival 

and Na-K-Atpase Elevation in Steelhead Trout (Salmo gairdneri) by Moderate 
WaterTemperatures.  Transactions of the American Fisheries Society 104: 766-769. 

 
Adams, P.B., C.B. Grimes, J.E. Hightower, S.T. Lindley, and M.L. Moser.  2002. 

Status review for North American green sturgeon, Acipenser medirostris.  National Marine 
Fisheries Service.  58 pages. 
 

Adams, P.B., C. Grimes, J.E. Hightower, S.T. Lindley, M.L. Moser, and M.J. Parsley.  2007.  
Population status of North American green sturgeon, Acipenser medirostris.  Environmental 
Biology of Fishes 79:339-356. 

 
Alderdice, D.F. and F.P.J. Velsen.  1978.  Relation between temperature and incubation time for 

eggs of Chinook salmon (Oncorhynchus tshawytscha).  Journal of the Fisheries Research 
Board of Canada 35(1):69-75. 

 
Allen, M.A. and T.J. Hassler.  1986.  Species profiles:  life histories and environmental 

requirements of coastal fishes and invertebrates.  (Pacific Southwest), Chinook salmon.  
U.S. Fish and Wildlife Report 82 (11.49).  April. 

 
Allen, P.J. and J.J. Cech Jr.  2007.  Age/size effects on juvenile green sturgeon, Acipenser 

medirostris, oxygen consumption, growth, and osmoregulation in saline environments.  
Environmental Biology of Fishes 79:211-229. 

 
Allen, P.J., B. Hodge, I. Werner, and J.J. Cech Jr.  2006.  Effects of ontogeny, season, and 

temperature on the swimming performance of juvenile green sturgeon (Acipenser 
medirostris).  Canadian Journal of Fisheries and Aquatic Sciences 63:1360-1369. 

 
Allendorf, F.W., D. Bayles, D.L. Bottom, K.P. Currens, C.A. Frissell, D. Hankin, J.A. 

Lichatowich, W. Nehlsen, P.C. Trotter, and T.H. Williams.  1997.  Prioritizing Pacific 
salmon stocks for conservation.  Conservation Biology 11:140–152. 

 
Anderson, J.J.  2000.  A vitality-based model relating stressors and environmental properties to 

organism survival.  Ecological Monographs 70: 445-470. 
 
Anderson, J.J.  2002.  The Flow Survival Relationship and Flow Augmentation Policy in the 

Columbia River Basin.  Columbia Basin Research, School of Aquatic and Fishery Sciences,  
University of Washington, Seattle, Washington.  23 pages.  September.  Available at: 
http://www.cbr.washington.edu/papers/jim/flowsurvivalhistory2002.html 

 

 787

http://www.cbr.washington.edu/papers/jim/flowsurvivalhistory2002.html


Anderson, J.J., E. Gurarie, and R.W. Zabel.  2005.  Mean free-path length theory of predator-
prey interactions:  Application to juvenile salmon migration. Ecological Modeling 186: 196-
211. 

 
Anderson, J.T., C.B. Watry, and A. Gray.  2007.  Upstream Fish Passage at a Resistance Board 

Weir Using Infrared and Digital Technology in the Lower Stanislaus River, California. 
2006−2007 Annual Data Report.  Prepared for:  U.S. Fish and Wildlife Service, 
Anadromous Fish Restoration Program, Grant No. 813326G004. 

 
Anderson, J.J., M. Deas, P.B. Duffy, D.L. Erickson, R. Reisenbichler, K.A. Rose, and P.E. 

Smith.  2009.  Independent Review of a Draft Version of the 2009 NMFS OCAP Biological 
Opinion.  Science Review Panel report.   Prepared for the CALFED Science Program.  
January 23.  31 pages plus 3 appendices.  

 
Angilletta, M.J. Jr., E.A. Steel, K.K. Bartz, J.G. Kingsolver, M.D. Scheuerell, B.R. Beckman, 

and L.G. Crozier.  2008.  Big dams and salmon evolution: changes in thermal regimes and 
their potential evolutionary consequences.  Evolutionary Applications 1:286-299. 

 
Ayres Associates.  2001.  Two-dimensional modeling and analysis of spawning bed 

mobilization, lower American River.  Prepared for the U.S. Army Corps of Engineers, 
Sacramento District Office, Sacramento, Calfornia. 

 
Bailey, E. D.  1954.  Time pattern of the 1953 to 1954 migration of salmon and steelhead in th 

the upper Sacramento River.  Results of fyke net trapping near Fremont Weir on the 
Sacramento River.  Inland Fisheries Division, California Department of Fish and Game, July 
26, 4 pp. 

 
Bain, D.  1990.  Examining the validity of inferences drawn from photo-identification data, with 

special reference to studies of the killer whale (Orcinus orca) in British Columbia.  Report 
of the International Whaling Commission, Special Issue 12:93-100. 

 
Bain, D.E. and M.E. Dahlheim.  1994.  Effects of masking noise on detection thresholds of killer 

whales. In: T.R. Loughlin, editor, Marine mammals and the Exxon Valdex, pages 243-256. 
Academic Press, San Diego, California. 

 
Bain, M.B. and N.J. Stevenson, editors.  1999.  Aquatic habitat assessment: common methods.  

American Fisheries Society.  Bethesda, Maryland. 
 
Bain, D.E., J.C. Smith, R. William, and D. Lusseau.  2006.  Effects of vessels on behavior of 

southern resident killer whales (Orcinus spp.).  NMFS Contract Report No. 
AB133F03SE0950 and AB133F04CN0040.  61 pages. 

 
Baird, R.W.  2000.  The killer whale: foraging specializations and group hunting.  In: J. Mann, 

R.C. Connor, P.L. Tyack, and H.Whitehead, editors, Cetacean societies: field studies of 
dolphins and whales, pages 127-153.  University of Chicago Press, Chicago, Illinois. 

 

 788



Baker, P.F. and J.E. Morhardt.  2001.  Survival of Chinook salmon smolts in the Sacramento-San 
Joaquin Delta and Pacific Ocean.  In R.L. Brown, editor, Contributions to the Biology of 
Central Valley Salmonids, Volume 2, pages 163-182.  California Department of Fish and 
Game, Fish Bulletin 179. 

 
Baker, P.F., T.P. Speed, and F.K. Ligon.  1995.  Estimating the influence of temperature on the 

survival of Chinook salmon smolts (Oncorhynchus tshawytscha) migrating through the 
Sacramento-San Joaquin River Delta of California.  Canadian Journal of Fisheries and 
Aquatic Sciences 52:855-863. 

 
Balcomb, K.  2008.  Executive Director and Principal Investigator, The Center for Whale 

Research, Personal communication, email to Lynne Barre, NMFS, Marine Mammal 
Biologist, regarding Southern Resident killer whale census update.  October 2. 

 
Baldwin, D.H., J.F. Sandahl, J.S. Labenia, and N.L. Scholz.  2003.  Sublethal effects of copper 

on coho salmon:  impacts on nonoverlapping receptor pathways in the peripheral olfactory 
nervous system.  Environmental Toxicology and Chemistry 22(10):2266-2274. 

 
Barnett-Johnson, R., C.B. Grimes, C.F. Royer, and C.J. Donohoe.  2007.  Identifying the 

contribution of wild and hatchery Chinook salmon (Oncorhynchus tshawytscha) to the ocean 
fishery using otolith microstructure as natural tags. Canadian Journal of Fishery and Aquatic 
Sciences 64:1683-1692. 

 
Barnhart, R.A.  1986.  Species profiles: life histories and environmental requirements of coastal 

fishes and invertebrates (Pacific Southwest), steelhead.  U.S. Fish and Wildlife Service, 
Biological Report 82 (11.60).  21 pages. 

 
Barre, L.  2008.  Stock identity of Chinook salmon taken by Southern Resident killer  

whales.  Memorandum to the file from L. Barre, National Marine Fisheries Service, Seattle, 
Washington.  June 24.  

 
Bartholow, J.M.  2000.  The Stream Segment and Stream Network Temperature Models: A Self-

Study Course, Version 2.0.  USGS Open-File Report 99-112.  Fort Collins, Colorado: U.S. 
Geological Survey.  276 pages. 

 
Bartholow, J.M.  2003.  Modeling chinook salmon with SALMOD on the Sacramento River, 

California. Fort Collins, Colorado: Colorado State University, Office of Conference 
Services.  1-24 pages. 

 
Bates, D.W. and S.G. Jewett, Jr.  1961.  Louver Efficiency in Deflecting Downstream Migrant 

Steelhead Transaction of the American Fisheries Society 90(3):336-337. 
 
Battin, J., M.W. Wiley, M.H. Ruckelshaus, R.N. Palmer, E. Korb, K.K. Bartz, and H. Imaki.  

2007.  Projected impacts of climate change on salmon habitat restoration.  Proceedings of 
the National Academy of Sciences of the United States of America 104: 6720-6725. 

 

 789



BDCP Integration Team.  2009.  TSD #2.  April Draft. 
 
Beamesderfer, R.  2006.  Personal communication.  S.P. Cramer & Associates, Inc. 
 
Beamesderfer, R., M. Simpson, G. Kopp, J. Inman, A. Fuller, and D. Demko.  2004.  Historical 

and current information on green sturgeon occurrence in the Sacramento and San Joaquin 
rivers and tributaries.  Prepared for State Water Contractors by S.P. Cramer and Associates, 
Inc., Gresham, Oregon.  46 pages. 

 
Beamesderfer, R.C.P., M.L. Simpson, and G.J. Kopp.  2007.  Use of life history information in a 

population model for Sacramento green sturgeon.  Environmental Biology of Fishes.  79 (3-
4): 315-337. 

 
Beamish, R.J., C. Mahnken, and C.M. Neville.  1997.  Hatchery and wild production of Pacific 

salmon in relation to large-scale, natural shifts in the productivity of the marine environment. 
ICES Journal of Marine Science 54: 1200-1215. 

 
Becker, C.D., D.A. Neitzel, and D.H. Fickeisen.  1982.  Effects of Dewatering on Chinook 

Salmon Redds - Tolerance of 4 Developmental Phases to Daily Dewaterings.  Transactions 
of the American Fisheries Society 111: 624-637. 

 
Behrenfeld, M.J., R.T. O’Malley, D.A. Siegel, C.R. McClain, J.L. Sarmiento, G.C. Feldman, 

A.J. Milligan, P.G. Falkowski, R.M. Letelier, and E.S. Boss.  2006.  Climate-driven trends 
in contemporary ocean productivity.  Nature 444: 752–755. 

 
Bejder, L., A. Samuels, H. Whitehead, N. Cales, J. Mann, R. Connor, M. Heithaus, J. Watson-

Capps, C. Flaherty, and M. Krutzen.  2006.  Decline in relative abundance of bottlenose 
dolphins exposed to long-term disturbance.  Conservation Biology. 

 
Bell, M.C.  1991.  Fisheries handbook of engineering requirements and biological criteria.  Third 

edition.  U.S. Army Corps of Engineers, Office of the Chief of Engineers, Fish Passage 
Development and Evaluation Program, North Pacific Division, Portland, Oregon. 

 
Benson, R.L., S. Turo, and B.W. McCovey Jr.  2007.  Migration and movement patterns of green 

sturgeon (Acipenser medirostris) in the Klamath and Trinity rivers, California, USA.  
Environmental Biology of Fishes 79:269-279. 

 
Bigg, M.  1982.  An assessment of killer whale (Orcinus orca) stocks off Vancouver Island, 

British Columbia.  Report of the International Whaling Commission 32:655-666. 
 
Bigg, M.A., P.F. Olesiuk, G.M. Ellis, J.K.B. Ford, and K.C. Balcomb III.  1990.  Social 

organization and genealogy of resident killer whales (Orcinus orca) in the coastal waters of 
British Columbia and Washington State.  Report of the International Whaling Commission, 
Special Issue 12:383-405. 

 

 790



Bigler, B.S., D.W. Wilch, and J.H. Helle.  1996.  A review of size trends among North Pacific 
salmon (Oncorynchus spp.).  Canadian Journal of Fisheries and Aquatic Sciences 53:455-
465. 

 
Bilby, R.E.  1984.  Removal of woody debris may affect stream channel stability.  Journal of 

Forestry 82:609-613. 
 
Bjornn, T.C., and D.W. Reiser.  1991.  Habitat requirements of anadromous salmonids.  In W.R. 

Meehan (editor), Influences of forest and rangeland management on salmonid fishes and 
their habitats, pages 83-138.  American Fisheries Society Special Publication 19.  American 
Fisheries Society, Bethesda, Maryland. 

 
Black, N., R. Ternullo, A. Schulman-Janiger, A.M. Hammers, and P. Stap.  2001.  Occurrence, 

behavior, and photo-identification of killer whales in Monterey Bay, California.  In 14th 
Biennial Conference on the Biology of Marine Mammals, Vancouver, British Columbia. 
Society for Marine Mammalogy, San Francisco, California. 

 
Blackwell, B.F. and F. Juanes.  1998.  Predation on Atlantic salmon smolts by striped bass after 

dam passage.  North American Journal of Fisheries Management.  18: 936-939. 
 
Boles, G.  1988.  Water temperature effects on Chinook salmon (Oncorhynchus tshawytscha) 

with emphasis on the Sacramento River: a literature review.  Report to the California 
Department of Water Resources, Northern District.  43 pages. 

 
Borthwick, S.M. and R.R. Corwin.  2001.  Wild fish entrainment by Archimedes lifts and an 

internal helical pump and the Red Bluff Research Pumping Plant, Upper Sacramento River, 
California: February 1997 – May 2000.  Red Bluff Research Pumping Plant Series, Volume 
13.  U.S. Bureau of Reclamation, Red Bluff, California.  

 
Botsford, L.W. and J.G. Brittnacher.  1998.  Viability of Sacramento River Winter-Run Chinook 

Salmon.  Conservation Biology 12:  65-79. 
 
Bottom, D.L., C.A. Simenstad, J. Burke, A.M. Baptista, D.A. Jay, K.K. Jones, E. Casillas, and 

M.H. Schiewe.  2005.  Salmon at river’s end: the role of the estuary in the decline and 
recovery of Columbia River salmon.  U.S. Department of Commerce, NOAA Technical 
Memorandum.  NMFS-NWFSC-68.  246 pages. 

 
Bradford, M.J. and J.R. Irvine.  2000.  Land use, fishing, climate change, and the decline of 

Thompson River, British Columbia, coho salmon.  Can. J. Fish. Aquat. Sci.  57:13-16 
 
Brandes, P.L. and J S. McLain.  2001.  Juvenile Chinook salmon abundance, distribution, and 

survival in the Sacramento-San Joaquin Estuary.  In:  R.L. Brown, editor, Contributions to 
the biology of Central Valley salmonids.  Volume 2.  California Department of Fish and 
Game Fish Bulletin 179:39-136. 

 

 791



Brett, J.R.  1952.  Temperature tolerance of young Pacific salmon, genus Oncorhynchus.  Journal 
of the Fisheries Research Board of Canada 9:265-323. 

 
Brown, K.  2007.  Evidence of spawning by green sturgeon, Acipenser medirostris, in the upper 

Sacramento River, California.  Environmental Biology of Fishes 79:297-303. 
 
Brown, M.  2009.  Fisheries biologist, Red Bluff Fish and Wildlife Office, U.S. Fish and 

Wildlife Service.  Personal communication with Bruce Oppenheim.  Biweekly Kayak survey 
results and snorkel survey results.  February 13. 

 
Brown L.R. and P.B. Moyle.  1981.  The impact of squawfish on salmonid populations: A 

review.  N. American Journal of Fish. Manag. 1:104-111. 
 
Brown, L.R. and D. Michniuk.  2007.  Littoral fish assemblages of the alien-dominated 

Sacramento-San Joaquin Delta, California, 1980-1983 and 2001-2003.  Estuaries and 
Coasts.  30(1): 186-200. 

 
Burau, J., A. Blake, and R. Perry.  2007.  Sacramento/San Joaquin River Delta regional salmon 

outmigration study plan:  Developing understanding for management and restoration.  72 
pages plus appendices.  Available at: 
http://www.science.calwater.ca.gov/pdf/workshops/workshop_outmigration_reg_study_plan
_011608.pdf 

 
Busby, P.J., T.C. Wainwright, G.J. Bryant., L. Lierheimer, R.S. Waples, F.W. Waknitz, and I.V. 

Lagomarsino.  1996.  Status review of west coast steelhead from Washington, Idaho, Oregon 
and California.  U.S. Department of Commerce, National Oceanic and Atmospheric 
Administration Technical Memo NMFS-NWFSC-27.  261 pages. 

 
CalFed Bay Delta Program.  2001.  Scrutinizing the Delta Cross Channel.  in Science in Action: 

news from the Calfed Bay Delta Science Program.  Available at: 
http://www.science.calwater.ca.gov/pdf/SIA_cross_channel_060101.pdf 

 
Calfish database.  Fisheries database containing information on unscreened diversions.  

Available at: www.calfish.org. 
 
California Bay-Delta Program.  2000.  Ecosystem Restoration Program Plan.  Volume I:  

Ecological Attributes of the San Francisco Bay-Delta Watershed.  Final Programmatic 
EIS/EIR technical appendix, July.  Sacramento, California. 

 
California Bay-Delta Program.  2000a.  Ecosystem Restoration Program Plan, Volume II. 

Technical Appendix to draft PEIS/EIR.  July. 
 
California Bay-Delta Program.  2001.  Guide to Regulatory Compliance for Implementing 

CALFED Actions.  Volume 1.  November. 
 

 792

http://www.science.calwater.ca.gov/pdf/workshops/workshop_outmigration_reg_study_plan_011608.pdf
http://www.science.calwater.ca.gov/pdf/workshops/workshop_outmigration_reg_study_plan_011608.pdf


California Bay-Delta Science Program.  2001a.  Science in action: scrutinizing the Delta Cross 
Channel.CALFED Bay-Delta Program.  June.  Available online at: 
http://science.calwater.ca.gov/library.shtml. 

 
California Commercial, Industrial and Residential Real Estate Services Directory.  Available: 

http://www.ured.com/citysubweb.html.  April 2002. 
 
California Data Exchange Center data.   http//:cdec.water.ca.gov 
 
California Department of Fish and Game.  1995.  Adult steelhead counts in Mill and Deer 

Creeks, Tehama County, October 1993-June 1994.  Inland Fisheries Administrative Report 
Number 95-3. 

 
California Department of Fish and Game.  1998.  A status review of the spring run Chinook 

salmon in the Sacramento River drainage.  Report to the Fish and Game Commission. 
Candidate species status report 98-1.  Sacramento, California.  June.  394 pages. 

 
California Department of Fish and Game.  2001.  Evaluation of effects of flow fluctuations on 

the anadromous fish populations in the lower American River.  Prepared for U.S. Bureau of 
Reclamation.  Stream Evaluation Program Technical Report No. 01-2. 

 
California Department of Fish and Game.  2002.  California Department of Fish and Game 

comments to NMFS regarding green sturgeon listing.  79 pages plus appendices. 
 
California Department of Fish and Game.  2002a.  Status Review of California Coho Salmon 

North of San Francisco:  Report to the California Fish and Game Commission.  Sacramento, 
California.  April. 

 
California Department of Fish and Game.  2002b.  Summary of Chinook and coho salmon 

observations in 2001, Shasta River Counting Facility, Siskiyou County, California. 
 
California Department of Fish and Game.  2003.  Letter from Dean Marston, CDFG, to Madelyn 

Martinez, National Marine Fisheries Service.  January 9. 
 
California Department of Fish and Game.  2004.  Sacramento River spring-run Chinook salmon 

2002-2003 biennial report.  Prepared for the California Fish and Game Commission.  
Habitat Conservation Division, Native Anadromous Fish and Watershed Branch.  
Sacramento, California.  35 pages. 

 
California Department of Fish and Game.  2004a.  Acute toxicities of herbicides used to control 

water hyacinth and Brazilian elodea on larval Delta smelt and Sacramento splittail.  
Administrative Report 04-003.  40 pages.  

 
California Department of Fish and Game.  2004b.  Sacramento River winter-run Chinook salmon 

2002-2003 biennial report.  Prepared for the California Fish and Game Commission.  

 793



Habitat Conservation Division, Native Anadromous Fish and Watershed Branch.  
Sacramento, California.  22 pages. 

 
California Department of Fish and Game.  2004c.  Chronic toxicities of herbicides used to 

control water hyacinth and Brazilian elodea on neonate cladoceran and larval fathead 
minnow.  Administrative Report 2004-04.  32 pages. 

 
California Department of Fish and Game. 2005. Juvenile steelhead response to summer habitat 

conditions on the Lower American River. Presented by R. Titus and M. Brown. CDFG 
Stream Evaluation Program, Sacramento, CA. April 22, 2005. 

 
California Department of Fish and Game.  Grand Tab database.  Available at www.calfish.org. 
 
California Department of Fish and Game.  2007.  California Steelhead Fishing Report-

Restoration Card.  A Report to the Legislature.  July. 
 
California Department of Fish and Game.  2007a.  Temperature Water Quality Standards for the 

Protection of Anadromous Fish in the Merced River, Stanislaus River, Tuolumne River, and 
the San Joaquin River.  Report Submitted February 28, 2007, to the Central Valley Regional 
Water Quality Control Board in response to Public Solicitation of Water Quality Data and 
Information for 2008 Integrated Report – List of Impaired Waters and Surface Water 
Quality Assessment [303(d)/305(b)]. 

 
California Department of Fish and Game.  2007.  GrandTab spreadsheet of adult Chinook 

salmon escapement in the Central Valley.  February. 
 
California Department of Fish and Game.  2008.  GrandTab winter-run Chinook salmon 

population estimates.  March 7. 
 
California Department of Fish and Game.  2008.  GrandTab spreadsheet of adult Chinook 

salmon escapement in the Central Valley.  March 7. 
 
California Department of Fish and Game.  2008.  Preliminary Data Report: 2007 Sturgeon 

Fishing Report Card.  September. 
 
California Department of Fish and Game.  2008.  State of California Freshwater Sport Fishing 

Regulations for 2008 - 2009.  Available at: http://www.dfg.ca.gov/  
 
California Department of Fish and Game. – unpublished data. 
 
California Department of Fish and Game.  Steelhead Report Card Data 
 
California Department of Fish and Game and National Marine Fisheries Service.  2001.  Final 

Report on Anadromous Salmonid Fish Hatcheries in California.  Joint Hatchery Review 
Committee.  CDFG and NMFS Southwest Region.  December 3.  36 pages plus 2 
appendices. https://nrmsecure.dfg.ca.gov/FileHandler.ashx?DocumentID=3346 

 794

http://www.dfg.ca.gov/
http://www.dfg.ca.gov/
https://nrmsecure.dfg.ca.gov/FileHandler.ashx?DocumentID=3346


 
California Department of Water Resources.  1995.  Sacramento and San Joaquin Delta Atlas.  

122 pages.  November 1995.  http://baydeltaoffice.water.ca.gov/DeltaAtlas/ 
 
California Department of Water Resources.  2002a.  Suisun Marsh Salinity Control Gates salmon 

passage evaluation report.  Environmental Services Office, Sacramento, California.  19 
pages. 

 
California Department of Water Resources.  2002b.  South Delta Temporary Barriers Project:  

2001 fishery, water quality, and vegetation report.  March.  74 pages. 
 
California Department of Water Resources.  2003.  South Delta Temporary Barriers Project:  

2002 South Delta temporary barriers monitoring report.  December.  170 pages plus 28 
pages appendices. 

 
California Department of Water Resources.  2005.  South Delta Temporary Barriers Project:  

2003 South Delta temporary barriers monitoring report.  February.  183 pages plus 16 pages 
appendices. 

 
California Department of Water Resources.  2005a.  Collection, handling, transport, release 

(CHTR) new technologies Proposal:  Phase 1 Baseline conditions.  May.  vii + 72 + 
appendices. 

 
California Department of Water Resources.  2005b.  Summary of the collection, handling, 

transport, and release (CHTR) process and data available on State Water Project (SWP) and 
Central Valley Project (CVP) fish salvage.  December.  vi + 88 pages. 

 
California Department of Water Resources.  2006.  Critical Levee Emergency Repair Projects, 

Draft Biological Assessment.  Prepared by URS Corporation.  Sacramento, California. 
 
California Department of Water Resources.  2006a.  South Delta Temporary Barriers Project:  

2004 South Delta temporary barriers monitoring report.  July.  173 pages plus 22 pages 
appendices. 

 
California Department of Water Resources.  2006b.  South Delta Temporary Barriers Project:  

2005 South Delta temporary barriers monitoring report.  December.  214 pages plus 23 
pages appendices. 

 
California Department of Water Resources.  2007. 
 
California Department of Water Resources.  2008.  Quantification of pre-screen loss of juvenile 

steelhead within Clifton Court Forebay.  Draft.  September.  xvii + 119 pages. 
 
California Department of Water Resources.  2009.  Letter from Katherine Kelly, DWR, to 

Ronald Milligan, Reclamation, transmitting additional comments on the National Marine 
Fisheries Services’ (NMFS) revised draft Biological Opinion for effects of the CVP and 

 795



SWP on salmonids and green sturgeon sent to DWR in March 2009.  3-page letter plus 2 
enclosures titled, “Economic Impact Analysis of proposed NMFS BO Part A: For the 2030 
Level of Development” (10 pages) and “Economic Impact Analysis of proposed NMFS BO 
Part B: For the Existing Level of Development” (3 pages).  April 28. 

 
California Department of Water Resources.  2009a.  Letter from Lester Snow, DWR, to Ren 

Lohoefener, USFWS, formally requesting that the USFWS reinitiate consultation with the 
U.S. Bureau of Reclamation on the December 15, 2008 Delta smelt biological opinion for 
the coordinated operations of the State Water Project and Central Valley Project.  May 7.  4 
pages. 

 
California Department of Water Resources.  2009.  Personal communication.  Meeting handouts 

from S. Greene to M. Rea, January 2009. 
 
California Department of Water Resources.  2009.  Personal communication from T. Hinojosa.  

Particle tracking model output reports.  Received via email February 10, 2009. 
 
California Department of Water Resources.  2009_.  Survival of fish in the release phase of the 

fish salvage process.  Draft Manuscript, February 2009.  Prepared by J. Miranda, R Padilla, 
G. Aasen, J. Morinaka, J. Dubois, B. Mefford, D. Sisneros, J. Boutwell, and M. Horn for the 
California Department of Water Resources, Bay-Delta Office, Fishery Improvement Section.  
272 pages. 

 
California Department of Water Resources.  Water Bulletin. 
 
California Department of Water Resources and California Department of Fish and Game 
 
California Department of Water Resources and California Department of Fish and Game.  2005.  

Suisun Marsh Salinity Control Gates Salmon Passage Evaluation Report, 2004.  Draft dated 
May 18.  9 pages. 

 
California Department of Water Resources and U.S. Bureau of Reclamation.  2005.  South Delta 

Improvement Program Volumes 1 and 2:  Environmental Impact statement/Environmental 
Impact Report.  Draft.  October.  Prepared by Jones and Stokes.  2,500 pages plus 
appendices.  Available from:  
http://baydeltaoffice.water.ca.gov/sdb/sdip/documents/draft_eis_eir/so-delta.html. 

 
California Department of Water Resources and U.S. Bureau of Reclamation.  2006.  South Delta 

Improvement Program Action Specific Implementation Plan.  June.  150 pages plus 
appendices.  Prepared by Jones and Stokes.  Available from:  
http://baydeltaoffice.water.ca.gov/sdb/sdip/documents/asip/doc. 

 
California Legislative Analyst's Office.  2008.  California's water: an LAO primer.  October 

2008.  76 pages. 
 
 

 796



California Regional Water Quality Control Board-Central Valley Region.  1998.  Water Quality 
Control Plan (Basin Plan) for the Sacramento River and San Joaquin River Basins, fourth 
edition.  Available: http://www.swrcb.ca.gov/~CRWQCB5/home.html 

 
California Regional Water Quality Control Board-Central Valley Region.  2001.  Draft staff 

report on recommended changes to California’s Clean Water Act, section 303(d) list.  
Available:  http://www.swrcb.ca.gov/CRWQCB5/tmdl/ 

 
California Resources Agency.  1989.  Upper Sacramento River fisheries and riparian 

management plan.  Prepared by an Advisory Council established by SB1086, authored by 
State Senator Jim Nielson.  157 pages. 

 
Calkins, R.D., W.F. Durand, and W.H. Rich.  1940.  Report of the Board of Consultants on the 

fish problem of the upper Sacramento River.  Stanford University, Stanford, California. 34 
pages. 

 
Campbell, W.B., J.M.. Emlen, and W.K. Hershberger.  1998.  Thermally induced chronic developmental 

stress in Coho salmon: integrating measures of mortality, early growth, and developmental 
instability.  Oikos  81(2): 398-410.  March.  Stable URL: http://www.jstor.org/stable/3547059. 

 
Carlson, S.M., and T.P. Quinn.  2007.  Ten years of varying lake level and selection on size-at-

maturity in Sockeye Salmon.  Ecology 88(10): 2620-2629. 
 
Cascadia Research Collective.  2008.  Sighting of thin Southern Resident killer whale off 

Washington coast.  Communication to Lynn Barre, National Marine Fisheries Service from 
Erin Falcone, Cascadia Research Collective, Olympia, Washington.  March 4. 

 
Caswell. 2001. 
 
Cavallo, B., C. Turner, and P. Bergman.  2008.  North-of-Delta-Offstream-Storage (NODOS) 

Sacramento River Winter-Run Chinook IOS Model: Draft model description and 
documentation (March 26, 2008) Cramer Fish Sciences.  
www.fishsciences.net/projects/nodos.php     

 
Cech, J.J., Jr. and C.A. Myrick.  1999.  Steelhead and Chinook salmon bioenergetics: 

temperature, ration, and genetic effects.  Davis, California: University of California Water 
Resources Center. 

 
Cech, J.J. Jr., S.D. Bartholow, P.S. Young, and T.E. Hopkins.  1996.  Striped bass exercise and 

handling stress in freshwater: physiological responses to recovery environment.  
Transactions of the American Fisheries Society 125: 308-320. 

 
Cech, J.J. Jr., S.I. Doroshov, G.P. Moberg, B.P. May, R.G. Schaffter, and D.W. Kohlhorst.  

2000.  Biological assessment of green sturgeon in the Sacramento-San Joaquin watershed 
(phase 1).  Final report to the CALFED Bay-Delta Program.  Project #98-C-15, Contract #B-
81738.  Cited in COSEWIC 2004. 

 

 797

http://www.swrcb.ca.gov/%7Erwqcb5/home.html
http://www.swrcb.ca.gov/%7Erwqcb5/home.html
http://www.swrcb.ca.gov/%7Erwqcb5/home.html
http://www.swrcb.ca.gov/CRWQCB5/tmdl/


Center for Whale Research.  Unpublished data.  Annual census data, obtained through photo-
identification surveys, 1974-2008. 

 
Central Valley Project Improvement Act – 1992. 
 
Chambers, J.  1956.  Fish passage development and evaluation program.  Progress Report No. 5.  

U.S. Army Corps of Engineers, North Pacific Division, Portland, Oregon. 
 
Charnov, E.L.  1976.  Optimal Foraging, Marginal Value Theorem. Theoretical Population 

Biology 9(2): 129-136. 
 
City of Lathrop.  2007.  City demographics accessed via the internet.  Available online at: 

www.ci.lathrop.ca.us/cdd/demographics. 
 
City of Manteca.  2007.  City demographics accessed via the internet.  Available online at: 

www.ci.manteca.ca.us/cdd/demographics. 
 
Clark, G.H.  1929.  Sacramento-San Joaquin salmon (Oncorhynchus tshawytscha) fishery of 

California.  California Fish and Game Bulletin 17:1-73. 
 
Clean Water Act.  2006.  CWA section 303(d) list of water quality limited segments requiring 

TMDLs.   
 
Cohen, A.N., and P.B. Moyle.  2004.  Summary of data and analyses indicating that exotic 

species have impaired the beneficial uses of certain California waters: a report submitted to 
the State Water Resources Control Board on June 14, 2004.  25 pages. 

 
Conomos, T.J., R.E. Smith, and J.W. Gartner.  1985.  Environmental settings of San Francisco 

Bay.  Hydrobiologia 129: 1-12. 
 
Cordone, A.J., and D.W. Kelley.  1961.  The influences of inorganic sediment on the aquatic life 

of streams.  California Fish and Game 47:89-228. 
 
Corwin, R.  2007.  Personal communication.  Fisheries Biologist.  U.S. Bureau of Reclamation.   

Red Bluff Office, California. 
 
Coutant, C.C.  1969.  Responses of salmonid fishes to acute thermal shock.  Battelle Memorial 

Institute.  USACOE Research and Development Report No. BNWL-1050:1-8. 
 
Coutant, C.C.  1973.  Effect of thermal shock on vulnerability of juvenile salmonids to predation.  

Journal of the Fisheries Research Board of Canada 30(7):965-973. 
 
Cowen, L., Trouton, N., and Bailey, R.E.  2007.  Effects of angling on Chinook salmon for the 

Nicola River, British Columbia, 1996-2002.  North American Journal of Fisheries 
Management 27: 256-267. 

 

 798

http://www.ci.lathrop.ca.us/cdd/demographics
http://www.ci.lathrop.ca.us/cdd/demographics
http://www.ci.manteca.ca.us/cdd/demographics
http://www.ci.manteca.ca.us/cdd/demographics


Crozier, L.G., R.W. Zabel, and A.F. Hamlet.  2008.  Predicting differential effects of climate 
change at the population level with life-cycle models of spring Chinook salmon.  Global 
Change Biology 14(2):236 – 249. 

 
Cummins, K., C. Furey, A. Giorgi, S. Lindley, J. Nestler, and J. Shurts.  2008.  Listen to the 

River:  An Independent Review of the CVPIA Fisheries Program.  Prepared under contract 
with Circlepoint for the U.S. Bureau of Reclamation and the U.S. Fish and Wildlife Service.  
December.  51 pages plus 4 appendices. 

 
Daughton, C.G.  2003.  Cradle-to-cradle stewardship of drugs for minimizing their 

environmental disposition while promoting human health. I.  Rationale for and avenue 
toward a green pharmacy.  Environmental Health Perspectives 111:757-774. 

 
Deas, M., P. Goodwin, S. Lindley, C. Woodley, T. Williams.  2008.  Temperature Management 

and Modeling Workshop in Support of an Operations Criteria and Plan Biological 
Assessment and Biological Opinion.  Science Advisor Panel Report.  Prepared for the 
CALFED Science Program.  18 pages plus 2 appendices. 

 
Decato, R.J.  1978.  Evaluation of the Glenn-Colusa Irrigation District fish screen.  California 

Department of Fish and Game, Anadromous Fisheries Branch Administrative Report No. 
78-20. 

 
Demko, D.B., C.K. Gemperle, A. Phillips and S.P. Cramer.  1999.  Evaluation of juvenile 

chinook behavior, migration rate and location of mortality in the Stanislaus River through the 
use of radio tracking-1998.  Final report to Tri-dam. 

 
Deng, X.  2000.  Artificial reproduction and early life stages of the green sturgeon (Acipenser 

medirostris).  Master's Thesis.  University of California, Davis, California.  62 pages. 
 
Deng, X., J.P. Van Eenennaam, and S.I. Doroshov.  2002.  Comparison of early life stages and 

growth of green and white sturgeon.  In: W. Van Winkle, P.J. Anders, D.H. Secor, and D.A. 
Dixon, editors, Biology, management, and protection of North American sturgeon, pages 
237-248.  American Fisheries Society, Symposium 28, Bethesda, Maryland. 

 
Denton, D.N.  1986.  Clear Creek fishery study.  California Department of Water Resources.   

Red Bluff, California.  70 pages. 
 
Dettinger, M.D.  2005.  From climate-change sphaghetti to climate-change distributions for 21st 

century California.  San Francisco Estuary and Watershed Science 3(1), Article 4 (14 pages) 
Available at: http://repositories.cdlib.org/jmie/sfews/vol3/art4.  

 
Dettinger, M.D., D.R. Cayan, M.K. Meyer, and A.E. Jeton.  2004.  Simulated hydrological 

responses to climate variations and changes in the Merced, Carson, and American River 
basins, Sierra Nevada, California, 1900-2099.  Climatic Change 62:283-317. 

 

 799

http://repositories.cdlib.org/jmie/sfews/vol3/art4
http://repositories.cdlib.org/jmie/sfews/vol3/art4
http://repositories.cdlib.org/jmie/sfews/vol3/art4


Dettman, D.H., D.W. Kelley, and W.T. Mitchell.  1987.  The influence of flow on Central Valley 
salmon.  Prepared for the California Department of Water Resources.  Revised July 1987.  
(Available from D.W. Kelley and Associates, 8955 Langs Hill Rd., P.O. Box 634, 
Newcastle, CA 95658). 

 
Dolloff, C.A.  1993.  Predation by river otters (Lutra Canadensis) on juvenile coho salmon 

(Oncorhynchus kisutch) and Dolly Varden (Salvelinus malma) in southeast Alaska.  
Canadian Journal of Fisheries and Aquatic Sciences 50:  312-315. 

 
Dubrovsky, N.M., D.L. Knifong, P.D. Dileanis, L.R. Brown, J.T. May, V. Connor, and C.N. 

Alpers.  1998.  Water quality in the Sacramento River basin.  U.S. Geological Survey 
Circular 1215. 

 
Dubrovsky, N.M., C.R. Kratzer, L.R. Brown, J.M. Gronberg, and K.R. Burow.  2000.  Water 

quality in the San Joaquin-Tulare basins, California, 1992-95.  U.S. Geological Survey 
Circular 1159. 

 
Dunford, W.E.  1975.  Space and food utilization by salmonids in marsh habitats in the Fraser 

River Estuary.  M.S. Thesis.  University of British Colombia, Vancouver, B.C., 81 pages.. 
 
Durban, J.  2008.  Research Coordinator, The Center for Whale Research.  Personal 

communication, email to Lynne Barre, NMFS, Marine Mammal Biologist, regarding 
condition of L67.  September 16. 

 
Dwyer, F.J., D.K. Hardesty, C.E. Henke, C.G. Ingersoll, D.W. Whites, T. Augspurger, T.J. 

Canfield, D.R. Mount, F.L. Mayer.  2005b.  Assessing contaminant sensitivity of 
endangered and threatened aquatic species:  Part 3.  Effluent toxicity tests.  Archives of 
Environmental Contamination and Toxicology.  43: 174-183. 

 
Dwyer, F.J., D.K. Hardesty, C.G. Ingersoll, J.L. Kunz, D.W. Whites.  2000.  Assessing 

contaminant sensitivity of American shad, Atlantic sturgeon, and Shortnose sturgeon.  Final 
Report – February 2000.  Produced for the Action Plan Project, Hudson River Estuary.  New 
York State Department of Environmental Conservation.  34 pages. 

 
Dwyer, F.J., F.L. Mayer, L.C. Sappington, D.R. Buckler, C.M. Bridges, I.E. Greer, D.K. 

Hardesty, C.E. Henke, C.G. Ingersoll, J.L. Kunz, D.W. Whites, T. Augspurger, D.R. Mount, 
K. Hattala, G.N. Neuderfer.  2005a.  Assessing contaminant sensitivity of endangered and 
threatened aquatic species:  Part 1.  Acute toxicity of five chemicals.  Archives of 
Environmental Contamination and Toxicology.  43: 143-154. 

 
Edwards, G.W., K.A.F. Urquhart, and T.L. Tillman.  1996.  Adult salmon migration monitoring, 

Suisun Marsh Salinity Control Gates, September-November 1994.  Technical Report 50.  
Interagency Ecological Program for the San Francisco Bay/Delta Estuary, 27 pages. 

 
Emmett, R. L., S. A. Hinton, S. L. Stone, and M. E. Monaco.  1991.  Distribution and abundance 

of fishes and invertebrates in West Coast estuaries, Volume II:  Species life history 

 800



summaries.  ELMR Report No. 8.  NOAA/NOS Strategic Environmental Assessments 
Division, Rockville, Maryland.  329 pages.  

 
Erbe, C.  2002.  Underwater noise of whale-watching boats and potential effects on killer whales 

(Orcinus orca), based on an acoustic impact model. Marine Mammal Science 18:394-418. 
 
Erickson, A.W.  1978.  Population studies of killer whales (Orcinus orca) in the Pacific 

Northwest: a radio-marking and tracking study of killer whales. U.S. Marine Mammal 
Commission, Washington, D.C. 

 
Erickson, D.L. and J.E. Hightower.  2007.  Oceanic distribution and behavior of green sturgeon.  

American Fisheries Society Symposium 56:197-211. 
 
Erickson, D. L., J. A. North, J. E. Hightower, J. Weber, L. Lauck.  2002.  Movement and habitat 

use of green sturgeon Acipenser medirostris in the Rogue River, Oregon, USA.  Journal of 
Applied Ichthyology 18:565-569. 

 
ESSA/The Nature Conservancy.  2009.  Sacramento River Ecological Flows Tool. 

http://www.essa.com/tools/saceft/ 
 
Fagerlund, U.H.M., J.R. McBride, and I.V. Williams.  1995.  Chapter 8.  Stress and tolerance.  

In: Physiological Ecology of Pacific Salmon.  Edited by C. Groot, L. Margolis, and W.C. 
Clark.  UBC Press, Vancouver, British Columbia.   

 
Fairey, R., K. Taberski, S. Lamerdin, E. Johnson, R. P. Clark, J. W. Downing, J. Newman, and 

M. Petreas.  1997.  Organochlorines and other environmental contaminants in muscle tissues 
of sportfish collected from San Francisco Bay.  Marine Pollution Bulletin 34:1058-1071. 

 
Feist, G. W., M. A. H. Webb, D. T. Gundersen, E. P. Foster, C. B. Schreck, A. G. Maule, and M. 

S. Fitzpatrick.  2005.  Evidence of detrimental effects of environmental contaminants on 
growth and reproductive physiology of white sturgeon in impounded areas of the Columbia 
River.  Environmental Health Perspectives 113:1675-1682. 

 
Fisher, F.  1994.  Past and present status of Central Valley Chinook salmon.  Conservation 

Biology 8(3):870-873. 
 
Ford, T. and L.R. Brown.  2001.  Distribution and abundance of Chinook salmon and resident 

fishes of the lower Tuolumne River, California.  In:  Brown, R.L., editor.  Contributions to 
the biology of Central Valley salmonids.  Volume 2.  California Department of Fish and 
Game Fish Bulletin 179: 253-305. 

 
Ford, J.K.B. and G.M. Ellis.  2006.  Selective foraging by fish-eating killer whales Orcinus orca 

in British Columbia. Marine Ecology Progress Series 316:185-199. 
 

 801

http://www.essa.com/tools/saceft/


Ford, J.K.B., G.M. Ellis, and K.C. Balcomb.  2000.  Killer whales: the natural history and 
genealogy of Orcinus orca in British Columbia and Washington State. 2nd ed. UBC Press, 
Vancouver, British Columbia. 

 
Ford, J.K.B., G.M. Ellis, L.G. Barrett-Lennard, A.B. Morton, R.S. Palm, and K.C. Balcomb III. 

1998. Dietary specialization in two sympatric populations of killer whales (Orcinus orca) in 
coastal British Columbia and adjacent waters. Canadian Journal of Zoology 76: 1456-1471. 

 
Ford, J.K B., G.M. Ellis, and P.F. Olesiuk.  2005.  Linking prey and population dynamics: did 

food limitation cause recent declines of “resident” killer whales (Orcinus orca) in British 
Columbia? Canadian Science Advisory Secretariat Research Document 2005/042. 

 
Foster, E.P., M.S. Fitzpatrick, G.W. Feist, C.B. Schreck, and J. Yates.  2001a.  Gonad 

organochlorine concentrations and plasma steroid levels in white sturgeon (Acipenser 
transmontanus) from the Columbia River, USA.  Bulletin of Environmental Contamination 
and Toxicology 67:239-245. 

 
Foster, E.P., M.S. Fitzpatrick, G.W. Feist, C.B. Schreck, J. Yates, J.M. Spitsbergen, and J.R. 

Heidel.  2001b.  Plasma androgen correlation, EROD induction, reduced condition factor, 
and the occurrence of organochlorine pollutants in reproductively immature white sturgeon 
(Acipenser transmontanus) from the Columbia River, USA.  Archives of Environmental 
Contamination and Toxicology 41:182-191. 

 
Francis, R.C. and N. Mantua.  2003.  Climatic influences on salmon populations in the Northeast 

Pacific. In: Assessing Extinction Risk for West Coast Salmon.  Proceedings of the Workshop 
November 13–15, 1996.  NOAA Technical Memorandum NMFS-NWFSC-56 (editors A.D. 
MacCall and T.C. Wainwright), pp. 3–76.  Northwest Fisheries Science Center, Seattle, 
Washington.  

 
 
Fujitani, P.  2008.  Personal communication.  U.S. Bureau of Reclamation, Central Valley 

Office.  Sacramento, California. 
 
Fresh, K.L., E. Casillas, L.L. Johnson, and D.L. Bottom.  2005.  Role of the estuary in the 

recovery of Columbia River basin salmon and steelhead: an evaluation of the effects of 
selected factors on salmonid population viability.  U.S. Department of Commerce, NOAA 
Technical Memorandum.  NMFS-NWFSC-69, 105 pages. 

 
Fry, D.H.  1961.  King salmon spawning stocks of the California Central Valley, 1940-1959.  

California Fish and Game 47:55-71. 
 
Gadomski, D.M. and M.J. Parsely.  2005.  Effects of turbidity, light level, and cover on predation 

of white sturgeon larvae by prickly sculpins.  Transactions of the American Fisheries 
Society 134:369-374. 

 
Gaines, P.D. and C.D. Martin.  2002.  Abundance and seasonal, spatial and diel distribution 

 802



patterns of juvenile salmonid passing the Red Bluff Diversion Dam, Sacramento River.  Red 
Bluff Research Pumping Plant Report Series, Volume 14.  U.S. Fish and Wildlife Service, 
Red Bluff, California. 

 
Gaines, P.D. and W.R. Poytress.  2004.  Brood-year 2003 winter Chinook juvenile production 

indices with comparisons to adult escapement.  U.S. Fish and Wildlife Service report to 
California Bay-Delta Authority.  San Francisco, California. 

 
Garcia, A.  1989.  The impacts of squawfish predation on juvenile Chinook salmon at Red Bluff 

Diversion Dam and other locations in the Sacramento River.  U.S. Fish and Wildlife Service 
Report No. AFF/FAO-89-05. 

 
Gard, M.  2006.  Monitoring of the Phase 3A Restoration Project in Clear Creek using 2- 

Dimensional Modeling Methology.  Energy Planning and Instream Flow Branch, U.S. Fish 
and Wildlife Service, Sacramento, California. 40 pages. 

 
Gard, M.  2007.   Adult Spring-run Chinook salmon flow-habitat relationships in Clear Creek 

using 2- Dimensional Modeling Methology. Energy Planning and Instream Flow Branch, 
U.S. Fish and Wildlife Service, Sacramento, California. 

 
Garland, R. D., K. F. Tiffan, D. W. Rondorf, and L. O. Clark.  2002.  Comparison of subyearling 

fall Chinook salmon’s use of riprap revetments and unaltered habitats in Lake Wallula of the 
Columbia River.  North American Journal of Fisheries Management 22:1283-1289. 

 
Garza, J.C. and D.E. Pearse.  2008.   Population genetic structure of Oncorhynchus mykiss in the 

California Central Valley.  Final report for California Department of Fish and Game 
Contract # PO485303. 

 
Gaydos, J.K., and S. Raverty. 2007.  Killer Whale Stranding Response, August 2007 Final 

Report. Report under UC Davis Agreement No. C 05-00581 V, August 2007. 
 
Geraci, J.R. and D.J. St. Aubin, editors. 1990. Sea mammals and oil: confronting the risks. 

Academic Press, New York, New York. 
 
Gerstung, E.  1971.  Fish and Wildlife Resources of the American River to be affected by the 

Auburn Dam and Reservoir and the Folsom South Canal, and measures proposed to 
maintain these resources.  California Department of Fish and Game. 

 
Gibson, R.N.  1992.  Tidally-synchronized behavior in marine fishes.  In Rhythms in Fishes, 

Edited by M.A. Ali.  Plenum Press, New York.  pages 63-81. 
 
Gilbert 1917 (cited in Sumner and Smith 1940) 
 
Gingras, M.  1997.  Mark/recapture experiments at Clifton Court Forebay to estimate pre-screen 

loss of juvenile fishes:  1976-1993.  Interagency Ecological Program Technical Report No. 
55. 

 803



 
Gleick, P. H. and E. L. Chalecki.  1999.  The impacts of climatic changes for water resources of 

the Colorado and Sacramento-San Joaquin river basins.  Journal of the American Water 
Resources Association 35:1429-1441. 

 
Graham. Mathews and Associates.  2006. 
 
Graham Mathews and Associates.  2007.  Executive summary of the 2006 update to the Clear 

Creek Gravel Management Plan.  Prepared for:  Western Shasta Resource Conservation 
District, 6270 Parallel Road, Anderson, California  96007-4833.  http://www.clear-
creek.org/watershed/lower/nodes/aboutwatershed/projectsreports/index.htm#WatershedAsse
ssment 

 
Goals Project.  1999.  Baylands ecosystem habitat goals: A report of habitat recommendations 

prepared by the San Francisco Bay Area Wetlands Ecosystem Goals Project.  U.S. 
Environmental Protection Agency, San Francisco.  San Francisco Bay Regional Water 
Quality Control Board, Oakland, California. 

 
Good, T.P., R.S. Waples, and P. Adams (editors).  2005.  Updated status of Federally listed ESU 

of West Coast salmon and steelhead.  U.S. Department of Commerce, NOAA Technical 
Memo.  NMFS-NWFSC-66.  598 pages. 

 
Gordon, J. and A. Moscrop.  1996.  Underwater noise pollution and its significance for whales 

and dolphins.  In M.P. Simmonds and J.D. Hutchinson, editors, The conservation of whales 
and dolphins: science and practice, pages 281-319.  John Wiley and Sons, Chichester, 
United Kingdom. 

 
Goyer, R.A.  1996.  Toxic effects of metals. In C.D. Klassen (editor), Casarett & Doull’s 

toxicology: the basic science of poisons, fifth edition, pages 691-736.  McGraw Hill. New 
York, New York. 

 
Grant, S.C.H. and P.S. Ross.  2002.  Southern resident killer whales at risk: toxic chemicals in 

the British Columbia and Washington environment. Canadian Technical Report of Fisheries 
and Aquatic Sciences 2412:1-111. 

 
Greene, S.  2008.  Declaration of Sheila Greene in response to the July 24, 2008 Scheduling 

Order.  Document 402.  Pacific Coast Federation of Fishermen’s Association/Institute for 
Fisheries Resources et al. v. Carlos M. Gutierrez et al. 

 
Greene, S.  2009.  Fishery biologist, California Department of Water Resources.  Personal 

communication with Maria Rea, NMFS.  January. 
 
Greenfield, B.K., J.A. Davis, R. Fairey, C. Roberts, D. Crane, and G. Ichikawa.  2005.  Seasonal, 

interannual, and long-term variation in sport fish contamination, San Francisco Bay.  
Science of the Total Environment 336:25-43. 

 

 804



Greig, S.M., D.A. Sear, D. Smallman, and P.A. Carling.  2005.  Impact of clay particles on the 
cutaneous exchange of oxygen across the chorion of Atlantic salmon eggs.  Journal of Fish 
Biology 66:1681-1691. 

 
Gross et al. 2002 
 
Hall, R. and M. Healey.  2006.  Lower American River isolation pool survey.  Prepared by Water 

Forum and CDFG as part of FISH Plan.  October.  33 pages. 
 
Hallock, R.J.  1989.  Upper Sacramento River steelhead (Oncorhynchus mykiss) 1952-1988. 

Prepared for the U.S. Fish and Wildlife Service. California Department of Fish and Game, 
Sacramento.    

 
Hallock, R.J., and F.W. Fisher.  1985.  Status of winter-run Chinook salmon, Oncorhynchus 

tshawytscha, in the Sacramento River.  Report to the California Department of Fish and 
Game, Anadromous Fisheries Branch, Sacramento, California. 

 
Hallock, R.J. D.H. Fry, and D.A. LaFaunce.  1957.  The use of wire fyke traps to estimate the 

runs of adult salmon and steelhead in the Sacramento River.  California Fish and Game 
43(4): 271-298. 

 
Hallock, R.J., W.F. Van Woert, and L. Shapovalov.  1961.  An evaluation of stocking hatchery-

reared steelhead rainbow trout (Salmo gairdnerii gairdnerii) in the Sacramento River 
system.  California Department of Fish and Game.  Fish Bulletin No. 14 [another reference 
said No. 114.  Check].  74 pages. 

 
Hallock, R.J., R.A. Iselin, and D.J. Fry, Jr.  1968.  Efficiency tests of the primary louver system, 

Tracy Fish Screen 1966-1967.  Marine Resources Branch.  California department of Fish 
and Game. 

 
Hallock, R.J., R.F. Elwell, and D.H. Fry, Jr.  1970.  Migrations of adult king salmon, 

Oncorhynchus tshawytscha, in the San Joaquin Delta.  California Fish and Game 151.  
Sacramento.  92 p. 

 
Hamlet, A. F. and D. P. Lettenmaier.  1999.  Columbia River Streamflow Forecasting Based on 

ENSO and PDO Climate Signals. Journal of Water Resources Planning and Management 
125(6): 333-341. 

 
Hamlet, A. F., P. W. Mote, M. P. Clark, and D. P. Lettenmaier.  2005.  Effects of temperature 

and precipitation variability on snowpack trends in the western United States.  Journal of 
Climate 18:4545-4561. 

 
Hannon, J.  2009.  Estimate of Change in Abundance of Fall-run and Late Fall-run Chinook 

Salmon Available to Killer Whales Due to CVP and SWP Operations.  Supplemental 
Analysis to support OCAP opinion.  Final.  February 4. 

 

 805



Hannon, J.  2009a.  Fisheries Biologist, U.S. Bureau of Reclamation, Environmental Affairs. 
Personal Communication with Nina Hemphill, Trinity River Restoration Program regarding 
Trinity River Hatchery program goals.  January 20. 

 
Hannon, J.  2009b.  Personal e-mail communication subject: Stani Screw Trap steelhead data. 

Sent to R. Reed, B. Oppenheim, and J. Stuart of NMFS. April 15.  
 
Hannon, J. and B. Deason.  2008.  American River Steelhead Spawning 2001 – 2007.  U.S. 

Bureau of Reclamation, Central Valley Project, American River, California Mid-Pacific 
Region. 

 
Hannon, J., M. Healey, and B. Deason.  2003.  American River Steelhead Spawning 2001 – 

2003.  U.S. Bureau of Reclamation, Central Valley Project, American River, California 
Mid-Pacific Region. 

 
Hansen, J.A., J. Lipton, P.G. Welsh, J. Morris, D. Cacela, and M.J. Suedkamp.  2002.  

Relationship between exposure duration, tissue residues, growth, and mortality in rainbow 
trout (Oncorhynchus mykiss) juveniles sub-chronically exposed to copper.  Aquatic 
Toxicology 58:175-188. 

 
Hansen, J.A., J.C.A. Marr, J. Lipton, D. Cacela, and H.L. Bergman.  1999a.  Differences in 

neurobehavioral responses of Chinook salmon (Oncorhynchus tshawytscha) and rainbow 
trout (Oncorhynchus mykiss) exposed to copper and cobalt: Behavioral avoidance.  
Environmental Toxicology and Chemistry 18(9):1972-1978. 

 
Hansen, J.A., J.D. Rose, R.A. Jenkins, K.G. Gerow, and H.L. Bergman.  1999b.  Chinook 

salmon (Oncorhynchus tshawytscha) and rainbow trout (Oncorhynchus mykiss) exposed to 
copper: neurophysiological and histological effects on the olfactory system.  Environmental 
Toxicology and Chemistry 18(9):1979-1991. 

 
Hanson, C.H.  2008.  Declaration of Charles H. Hanson, Ph.D. in support of Defendant-

Intervenor State Water Contractors’ Status Report.  Document 396.  Pacific Coast 
Federation of Fishermen’s Association/Institute for Fisheries Resources et al. v. Carlos M. 
Gutierrez et al. 

 
Hanson, M. B., and C. K. Emmons. Unpublished report. Annual residency patterns of Southern 

Resident killer whales in the inland waters of Washington and British Columbia.  October 2, 
2008. 

 
Hanson, M.B., R.W. Baird, C. Emmons, J. Hempelmann, G.S. Schorr, J. Sneva, and D.Van 

Doornik. 2007a. Summer diet and prey stock identification of the fish-eating “southern 
resident” killer whales: Addressing a key recovery need using fish scales, fecal samples, and 
genetic techniques. Abstract from the 17th Biennial Conference on the Biology of Marine 
Mammals, Capetown, South Africa. 

 

 806



Hare, S. R., N. J. Mantua, and R. C. Francis.  1999.  Inverse production regimes:  Alaska and 
West Coast Pacific salmon.  Fisheries 24 (1): 6-14. 

 
Hayhoe, K.D. Cayan, C.B. Field, P.C. Frumhoff, E.P. Maurer, N.L. Miller, S.C. Moser, S.H. 

Schneider, K.N. Cahill, E.E. Cleland, L. Dale, R. Drapek, R.M. Hanemann, L.S. Kalkstein, 
J. Lenihan, C.K. Lunch, R.P. Neilson, S.C. Sheridan, and J.H. Verville.  2004.  Emissions 
pathways, climate change, and impacts on California.  Proceedings of the National Academy 
of Sciences of the United States of America.  101(34)12422-12427. 

 
Heady, W. and J. Merz.  2007.  Lower Mokelumne River Salmonid Rearing Habitat Restoration 

Project Summary Report.  Draft Prepared for:  CVPIA Anadromous Fish Restoration 
Program. 

 
Healey, M.C.  1980.  Utilization of the Nanaimo River Estuary by juvenile Chinook salmon, 

Oncorhynchus tshawytscha.  U.S. Fisheries Bulletin 77:653-668. 
 
Healey, M.C.  1982.  Juvenile Pacific salmon in estuaries: the life support system.  In V.S. 

Kennedy (editor), Estuarine Comparisons, pages 315-341.  Academic Press.  New York, 
N.Y. 

 
Healey, M. C.  1991.  Life history of Chinook salmon (Oncorhynchus tshawytscha).  In C. Groot 

and L. Margolis, editors, Pacific Salmon Life Histories, pages 396-445 [check.  Another 
reference said Pages 313-393].  University of British Columbia Press, Vancouver, British 
Columbia.  564 pages. 

 
Hecht, S.A., D.H. Baldwin, C.A. Mebane, T. Hawkes, S.J. Gross, and N.L. Scholz.  2007.  An 

overview of sensory effects on juvenile salmonids exposed to dissolved copper: Applying a 
benchmark concentration approach to evaluate sublethal neurobehavioral toxicity.  U.S. 
Dept. of Commerce.  NOAA Technical Memorandum NMFS-NWFSC-83.  55 pages. 

 
Hendrix, N.  2008.  A statistical model of Central Valley Chinook Incorporating Uncertainty: 

Description of Oncorhynchus Bayesian Analysis (OBAN) for winter-run Chinook. R2 
Resource Consultants, Inc., (November 10, 2008) 

 
Heppell, S.  2007.  Elasticity analysis of green sturgeon life history.  Environmental Biology of 

Fish 79: 357-368. 
 
Herbold, B. and P.B. Moyle.  1989.  The ecology of the Sacramento-San Joaquin Delta: a 

community profile.  Prepared for the U.S. Fish and Wildlife Service.  Biological Report 
85(7.22).  xi + 106 pages. 

 
Herren, J.R. and S.S. Kawasaki.  2001.  Inventory of water diversions in four geographic areas in 

California’s Central Valley.  Pages 343-355.  In: Contributions to the Biology of Central 
Valley Salmonids.  R.L. Brown, editor. Volume. 2.  California Fish and Game.  Fish 
Bulletin 179. 

 

 807



Heublein, J.C.  2006.  Migration of green sturgeon Acipenser medirostris in the Sacramento 
River.  Master of Science Thesis.  California State University, San Francisco.  October 2006.  
63 pages.  

 
Heublein, J.C., J.T. Kelly, C.E. Crocker, A.P. Klimley, and S.T. Lindley.  2009.  Migration of 

green sturgeon, Acipenser medirostris, in the Sacramento River.  Environmental Biology of 
Fish 84:245-258. 

 
Hickie, B.E., P. S. Ross, R. W. Macdonald, and J.K.B. Ford. 2007. Killer whales (Orcinus orca) 

face protracted health risks associated with lifetime exposures to PCBs. Environmental 
Science and Technology 41: 6613-6619. 

 
Hilborn R, T.P. Quinn, D.E. Schindler, and D.E. Rogers.  2003.  Biocomplexity and fisheries 

sustainability.  Proceedings of the National Academy of Sciences, USA 100:6564–6568.  
 
Hinojosa, T.  Water operator, California Department of Water Resources.  Personal 

communication with Jeff Stuart, NMFS.  February.  Subject:  Particle tracking model 
simulations. 

 
Hoblitt, R.P, C.D. Miller, and W.E. Scott.  1987.  Volcanic hazards with regard to siting nuclear-

power plants in the Pacific Northwest. USGS Open-File Report 87-297. Vancouver, 
Washington.  Available at:  
http://vulcan.wr.usgs.gov/Hazards/NRC_Report/framework.html. 

 
Holt, M.M.  2008.  Sound exposure and Southern Resident killer whales (Orcinus orca): A 

review of current knowledge and data gaps. NOAA Technical Memorandum NMFS-
NWFSC-89, U.S. Department of Commerce, Seattle, Washington. 

 
Hopelain.  2008.  Personal communication. 
 
Horn, M.J. and A. Blake.  2004.  Acoustic tracking of juvenile Chinook salmon movement in the 

vicinity of the Delta Cross Channel.  2001 Study results.  U.S. Department of the Interior.  
Technical Memorandum No. 8220-04-04. 

 
Huang, B. and Z. Liu.  2000.  Temperature Trend of the Last 40 Years in the Upper Pacific 

Ocean. Journal of Climate 4:3738–3750. 
 
Hughes, N.F.  2004.  The wave-drag hypothesis: an explanation for sized-based lateral 

segregation during the upstream migration of salmonids.  Canadian Journal of Fisheries and 
Aquatic Sciences 61:103-109. 

 
Hutson, S.S., N.L. Barber, J.F. Kenny, K.S. Linsey, D.S. Kumia, and M.A. Maupin.  2004.  

Estimated Use of Water in the United States in 2000.  U.S. Geological Survey Circular 
1268.  Available at:  http://pubs.usgs.gov/circ/2004/circ1268. 

 

 808

http://vulcan.wr.usgs.gov/Hazards/NRC_Report/framework.html
http://vulcan.wr.usgs.gov/Hazards/NRC_Report/framework.html
http://vulcan.wr.usgs.gov/Hazards/NRC_Report/framework.html
http://vulcan.wr.usgs.gov/Hazards/NRC_Report/framework.html


Independent Scientific Advisory Board.  2002.  Hatchery surpluses in the Pacific Northwest.  
Fisheries. 27(12): 16-27. 

 
Independent Scientific Advisory Board.  2007.  Climate change impacts on Columbia River 

basin fish and wildlife. ISAB, Report 2007-2, Portland, Oregon. 
 
Ingersoll, C.G.  1995.  Sediment tests.  In G.M. Rand (editor), Fundamentals of aquatic 

toxicology: effects, environmental fate, and risk assessment, second edition, pages 231-255.  
Taylor and Francis, Bristol, Pennsylvania. 

 
Interagency Ecological Program.  2008.  Pelagic Organism Decline Progress Report: 2007 

Synthesis of Results.  Available at: 
http://www.science.calwater.ca.gov/events/workshops/workshop_pod.html 

 
Interagency Ecological Program.   Regional Database. 
 
Interagency Ecological Program Steelhead Project Work Team.  1999.  Monitoring, assessment, 

and research on Central Valley steelhead:  status of knowledge, review existing programs, 
and assessment needs.  In Comprehensive Monitoring, Assessment, and Research Program 
Plan, Tech. App. VII-11. 

 
Intergovernmental Panel on Climate Change.  2001.  Climate Change 2001:  The Scientific 

Basis.  Contribution of Working Group I to the Third Assessment Report of the 
Intergovernmental Panel on Climate Change [Houghton, J.T.,Y. Ding, D.J. Griggs, M. 
Noguer, P.J. van der Linden, X. Dai, K. Maskell, and C.A. Johnson (eds.)].  Cambridge 
University Press, Cambridge, United Kingdom and New York, New York, USA.  881 pages. 

 
Israel, J.  2006.  Determining spawning population estimates for green sturgeon with 

microsatellite DNA.  Presentation at the 2006 CALFED Science Conference.  Sacramento, 
California.  October 23, 2006. 

 
Israel, J.A., and A.P. Klimley.  2008.  Life History Conceptual Model for North American Green 

Sturgeon (Acipenser medirostris), prepared for DRERIP.  University of California, Davis, 
California.  December 27.  50 pages. 

 
Jeffres, C.A., J.J. Opperman, and P.B. Moyle.  2008.  Ephemeral floodplain habitats provide best 

growth conditions for juvenile Chinook salmon in a California river.  Environ Biol Fish 
(2008) 83:449–458  DOI 10.1007/s10641-008-9367-1 

 
Jensen, J.O.T. and D.F. Alderdice.  1989.  Comparison of Mechanical-Shock Sensitivity of Eggs 

of 5 Pacific Salmon (Oncorhynchus) Species and Steelhead Trout (Salmo-Gairdneri). 
Aquaculture 78: 163-181. 

 
Keefer, M. L., C. A. Perry, M. A. Jepson, and L. C. Stuehrenberg.  2004.  Upstream migration 

rates of radio-tagged adult Chinook salmon in riverine habitats of the Columbia River basin.  
Journal of Fish Biology 65:1126-1141. 

 809

http://www.science.calwater.ca.gov/events/workshops/workshop_pod.html


 
Keller, E.A., and F.J. Swanson.  1979.  Effects of large organic material on channel form and 

fluvial processes.  Earth Surface Processes 4:361-380. 
 
Kelly, J. T., A. P. Klimley, and C. E. Crocker.  2006.  Movements of green sturgeon, Acipenser 

medirostris, in the San Francisco Bay Estuary, California.  Editorial manuscript for 
Environmental Biology of Fishes.  

 
Kelly, J.T., A.P. Klimley, and C.E. Crocker.  2007.  Movements of green sturgeon, Acipenser 

medirostris, in the San Francisco Bay Estuary, CA.  Environmental Biology of Fishes 79(3-
4): 281-295. 

 
Kennedy, T. and T. Cannon.  2002.  Stanislaus River salmonid density and distribution survey 

report (2000 – 2001).  Fishery Foundation of California.  Sacramento, California.   
 
Killam 2008. 
 
Kimmerer, W.J.  2008.  Losses of Sacramento River Chinook Salmon and Delta Smelt to 

Entrainment in Water Diversions in the Sacramento-San Joaquin Delta.  San Francisco 
Estuary and Watershed Science 6(2):1-27.  June. 

 
Kimmerer, W.J., and M.L. Nobriga.  2008.  Investigating particle transport and fate in the 

Sacramento-San Joaquin Delta using a particle tracking model.  San Francisco Estuary and 
Watershed Science, Volume 6, Issue 1 (February), Article 4.  Available from:  
http://repositories.cdlib.org/jmie/sfews/vol6/iss1/art4/. 

 
Kjelson.  2001. 
 
Kjelson, M.A. and P.L. Brandes.  1989.  The use of smolt estimates to quantify the effects of 

habitat changes on salmonid stocks in the Sacramento-San Joaquin Rivers, California.  
Pages 100-115 in C.D. Levings, L.B. Holtby, and M.A. Henderson (editors), Proceedings of 
the National Workshop on Effects of Habitat Alteration on Salmonid Stocks.  Canadian 
Special Publication of Fisheries and Aquatic Sciences 105. 

 
Kjelson, M.A., P.F. Raquel, and F.W. Fisher.  1981.  Influences of freshwater inflow on Chinook 

salmon (Oncorhynchus tshawytscha) in the Sacramento-San Joaquin Estuary.  In P.D. Cross 
and D.L. Williams, editors, Proceedings of the National Symposium on Freshwater Inflow to 
Estuaries, pages 88-108.  U.S. Fish and Wildlife Service, FWS/OBS-81-04. 

 
Kjelson, M.A., P.F. Raquel, and F.W. Fisher.  1982.  Life history of fall-run juvenile chinook 

salmon, Oncorhynchus tshawytscha, in the Sacramento-San Joaquin estuary, California.  In 
V.S. Kennedy (editor), Estuarine comparisons, pages 393-411.  Academic Press, New York, 
New York. 

 
Kjelson, M.A., Wm. Loudermilk, D. Hood, and P.L. Brandes.  1990.  The influence of San 

Joaquin River inflow, central Valley and State Water project exports and migration route on 

 810

http://repositories.cdlib.org/jmie/sfews/vol6/iss1/art4/
http://repositories.cdlib.org/jmie/sfews/vol6/iss1/art4/
http://repositories.cdlib.org/jmie/sfews/vol6/iss1/art4/
http://repositories.cdlib.org/jmie/sfews/vol6/iss1/art4/


fall-run Chinook smolt survival in the southern Delta during the spring of 1989.  
Supplemental Annual Progress Report for Fiscal Year 89 Work Guidance.  Part C. 

 
Klimley, A.P.  2008.  Personal Communication.  Adjunct Associate Professor.  University of 

California, Davis, California.  December 2. 
 
Knowles N. and D. Cayan.  2002.  Potential effects of global warming on the Sacramento/San 

Joaquin watershed and the San Francisco estuary.  Geophysical Research Letters 29(18), 
1891, doi:10.1029/2001GL014339. 

 
Knowles, N. and D.R. Cayan.  2004.  Elevational dependence of projected hydrologic changes in 

the San Francisco estuary and watershed.  Climate Change 62: 319-336. 
 
Kondolff, G.M. and  M.G.  Wolman.  1993.  The Sizes of Salmonid Spawning Gravels. Water 

Resources Research 29(7):2275-2285 
 
Kondolf, G.M., G.F. Cada, M.J. Sale, and T. Felando.  1991.  Distribution and Stability of 

Potential Salmonid Spawning Gravels in Steep Boulder-Bed Streams of the Eastern Sierra-
Nevada.  Transactions of the American Fisheries Society 120: 177-186. 

 
Kondolf, G.M., A. Falzone, and K.S. Schneider.  2001.  Reconnaissance-level assessment of 

channel change and spawning habitat on the Stanislaus River below Goodwin Dam.  
Berkeley, California. 

 
Krahn, M., M.J. Ford, W.F. Perrin, P.R. Wade, R.P. Angliss, M.B. Hanson, B.L. Taylor, G.M. 

Ylitalo, M.E. Dahlheim, J.E. Stein, and R.S. Waples. 2004. 2004 Status review of Southern 
Resident killer whales (Orcinus orca) under the Endangered Species Act. U.S. Dept. 
Commer., NOAA Tech. Memo. NMFS-NWFSC-62. 73 p. 

 
Krahn, M.M, M.B. Hanson, R.W. Baird, R.H. Boyer, D.G. Burrows, C.E. Emmons, J.K.B. Ford, 

L.L. Jones, D.P. Noren, P.S. Ross, G.S. Schorr, and T.K. Collier. 2007. Persistent organic 
pollutants and stable isotopes in biopsy samples (2004/2006) from Southern Resident killer 
whales.  Marine Pollution Bulletin. 

 
Krahn, M.M., P.R. Wade, S.T. Kalinowski, M.E. Dahlheim, B.L. Taylor, M.B. Hanson, G.M. 

Ylitalo, R.P. Angliss, J.E. Stein, and R.S. Waples. 2002. Status review of Southern Resident 
killer whales (Orcinus orca) under the Endangered Species Act. NMFS-NWFSC-54. 133 p. 

 
Kruse, G.O. and D.L. Scarnecchia.  2002.  Assessment of bioaccumulated metal and 

organochlorine compounds in relation to physiological bismarkers in Kootenai River 
white sturgeon.  Journal of Applied Ichthyology 18:430-438. 

 
Kruse, S.  1991.  The interactions between killer whales and boats in Johnstone Strait, B.C. 

Pages 149-159 in K. Pryor and K.S. Norris, editors.  Dolphin societies: discoveries and 
puzzles.  University of California Press, Berkeley, California. 

 

 811



Kynard, B. and M. Horgan.  2001.  Guidance of yearling shortnose and pallid sturgeon using 
vertical bar rack and louver arrays.  North American Journal of Fisheries Management.  
21:561-570. 

 
Kynard, B., E. Parker, and T. Parker.  2005.  Behavior of early life intervals of Klamath River 

green sturgeon, Acipenser medirostris, with note on body color.  Environmental Biology of 
Fishes 72:85-97. 

 
Lapointe, M., N. Bergeron, F. Berube, M. Pouliot, and P. Johnston.  2004.  Interactive effects of 

substrate sand and silt contents, redd-scale hydraulic gradients, and interstitial velocities on 
egg-to-emergence survival of Atlantic salmon (Salmo salar).  Canadian Journal of Fisheries 
and Aquatic Sciences 61: 2271-2277. 

 
Leary, R.F., F.W. Allendorf, and K.L. Knudsen.  1984.  Superior Developmental Stability of 

Heterozygotes at Enzyme Loci in Salmonid Fishes.  American Naturalist 124: 540-551. 
 
Lenarz, W.H., D.A Ventresca, W.M. Graham, F.B. Schwing, and F. Chavez.  1995.  

Explorations of El Nino events and associated biological population dynamics off central 
California. California Cooperative Oceanic Fisheries Investigations Reports 36: 106-119. 

 
Levasseur, M., N.E. Bergeron, M.F. Lapointe, and F. Berube.  2006.  Effects of silt and very fine 

sand dynamics in Atlantic salmon (Salmo salar) redds on embryo hatching success.  
Canadian Journal of Fisheries and Aquatic Sciences 63: 1450-1459. 

 
Levin, P.S. and N. Tolimieri.  2001.  Differences in the Impacts of Dams on the Dynamics of 

Salmon Populations.  Animal Conservation 4: 291-299. 
 
Levings, C.D.  1982.  Short term use of low-tide refugia in a sand flat by juvenile chinook, 

(Oncorhynchus tshawytscha), Fraser River estuary.  Canadian Technical Reports of 
Fisheries and Aquatic Sciences, Number 1111.  7 pages. 

 
Levings, C.D., C.D. McAllister, and B.D. Chang.  1986.  Differential use of the Campbell River 

estuary, British Columbia, by wild and hatchery-reared juvenile Chinook salmon 
(Oncorhynchus tshawytscha).  Canadian Journal of Fisheries and Aquatic Sciences 43:1386-
1397. 

 
Levy, D.A. and T.G. Northcote.  1981.  The distribution and abundance of juvenile salmon in 

marsh habitats of the Fraser River Estuary.  Westwater Research Centre, University of 
British Columbia, Technical Report no. 25.  Vancouver, British Columbia, Canada. 

 
Levy, D.A. and T.G. Northcote.  1982.  Juvenile salmon residency in a marsh area of the Fraser 

River estuary.  Canadian Journal of Fisheries and Aquatic Sciences 39:270-276. 
 
LGL Environmental Research Associates.  2006.  In-season update on Mill Creek Spring-run 

Chinook Salmon Hydroacoustic Monitoring project in Tehama County, California.  North 
Bonneville, Washington.  August 15. 

 812



 
Lichatowich, J.  1999.  Salmon without rivers.  Island Press.  Washington, D.C.  
 
Lieberman et al. 2001. 
 
Liermann, M. and R. Hilborn.  2001.  Depensation:  evidence, models, and implications.  Fish 

and Fisheries 2: 33-58. 
 
Ligon, F.K., W.E. Dietrich, and W.J. Trush.  1995.  Downstream Ecological Effects of Dams. 

Bioscience 45: 183-192. 
 
Lindley, S.T.  2006.  Large-scale migrations of green sturgeon.  Presentation at Interagency 

Ecological Program 2006 Annual Workshop, Pacific Grove, California.  March 3. 
 
Lindley, S.T., and M.S. Mohr.  2003.  Modeling the effect of striped bass (Morone saxatillis) on 

the population viability of Sacramento River winter-run Chinook salmon (Oncorhynchus 
tshawytscha).  Fisheries Bulletin 101:321-331. 

 
Lindley, S.T., R. Schick, B.P. May, J.J. Anderson, S. Greene, C. Hanson, A. Low, D. McEwan, 

R.B. MacFarlane, C. Swanson, and J.G. Williams.  2004.  Population structure of threatened 
and endangered Chinook salmon ESU in California's Central Valley basin.  NMFS 
Southwest Science Center NOAA-TM-NMFS-SWFSC-360.  Santa Cruz, CA. 

 
Lindley, S. T., R. Schick, A. Agrawal, M. Goslin, T. Pearson, E. Mora, J.J. Anderson, B. May, S. 

Greene, C. Hanson, A. Low, D. McEwan, R.B. MacFarlane, C. Swanson, and J. G. 
Williams.  2006.  Historical population structure of Central Valley steelhead and its 
alteration by dams.  San Francisco Estuary and Watershed Science 4(1)(3):1-19.  
http://repositories.cdlib.org/jmie/sfews/vol4/iss1/art3 

 
Lindley, S.T., R. Schick, E. Mora, P. B. Adams, J. J. Anderson, S. Greene, C. Hanson, B. P. 

May, D. R. McEwan, R. B. MacFarlane, C. Swanson, and J. G. Williams.  2007.  
Framework for assessing viability of threatened and endangered Chinook salmon and 
steelhead in the Sacramento-San Joaquin Basin.  San Francisco Estuary and Watershed 
Science 5(1), Article 4: 26 pages.  Available at: 
http://repositories.cdlib.org/jmie/sfews/vol5/iss1/art4. 

 
Lindley, S.T., M.L. Moser, D.L. Erickson, M. Belchik, D.W. Welch, E.L. Rechisky, J.T. Kelley, 

J. Heublein and A.P. Klimley.  2008.  Marine migration of North American grenn sturgeon.  
Transactions of the American Fisheries Society.  137:182-194. 

 
Lindley, S.T., C.B. Grimes, M.S. Mohr, W. Peterson, J. Stein, J.T. Anderson, L.W. Botsford, D. 

L. Bottom, C.A. Busack, T.K. Collier, J. Ferguson, J.C. Garza, A.M. Grover, D.G. Hankin, 
R.G. Kope, P.W. Lawson, A. Low, R.B. MacFarlane, K. Moore, M. Palmer-Zwahlen, F.B. 
Schwing, J. Smith, C. Tracy, R. Webb, B.K. Wells, and T.H. Williams.  2009.  What caused 
the Sacramento River fall Chinook stock collapse?  Pre-publication report to the Pacific 
Fishery Management Council.  March 18.  57 pages plus a 61-page appendix. 

 813

http://repositories.cdlib.org/jmie/sfews/vol5/iss1/art4
http://repositories.cdlib.org/jmie/sfews/vol5/iss1/art4
http://repositories.cdlib.org/jmie/sfews/vol5/iss1/art4
http://repositories.cdlib.org/jmie/sfews/vol5/iss1/art4
http://repositories.cdlib.org/jmie/sfews/vol5/iss1/art4
http://repositories.cdlib.org/jmie/sfews/vol5/iss1/art4


 
Linville, R.G., S.N. Luoma, L. Cutter, and G.A. Cutter.  2002.  Increased selenium threat as a 

result of invasion of the exotic bivalve Potamocorbula amurensis into the San Francisco 
Bay-Delta.  Aquatic Toxicology 57: 51-64. 

 
Low, A.F., J. White, and E. Chappell.  2006.  Relationship of Delta Cross Channel Gate 

operations to loss of juvenile winter-run Chinook salmon at the CVP/SWP Delta facilities. 
Report available from:  
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_1114
06.pdf 

 
Lusseau, D., D.E. Bain, R. Williams, and J.C. Smith.  2009.  Vessel traffic disrupts the foraging 

behavior of southern resident killer whales (Orcinus orca).  Endangered Species Research 6: 
211-221. 

 
MacFarlane, B.R. and E.C. Norton.  2002.  Physiological ecology of juvenile Chinook salmon 

(Oncorhynchus tshawytscha) at the southern end of their distribution, the San Francisco 
Estuary and Gulf of the Farallones, California.  Fisheries Bulletin 100:244-257.    

 
MacFarlane, R.B., S. Hayes, and B. Wells.  2008.  Coho and Chinook Salmon Decline in 

California during the Spawning Seasons of 2007/08. National Marine Fisheries Service. 
Southwest Region. Santa Cruz, California. 

 
MacFarlane, R.B., A.P. Klimley, S.L. Lindley, A.A. Ammann, P.T. Sandstrom, C.J. Michel, and 

E.D. Chapman.  2008a.  Migration and survival of juvenile salmonids in California’s Central 
Valley and San Francisco estuary, 2007 and 2008 data.  Presentation given to Southwest 
Region Protected Resources Division, National Marine Fisheries Service, Lake Tahoe, 
California.  August 20, 2008. 

 
MacKichan, K.A.  1951.  Estimated Use of Water in the United States—1950.  U.S. Geological 

Survey Circular 115.  Available at: http://pubs.usgs.gov/circ/1951/circ115. 
 
Mantua, N.J. and S.R. Hare.  2002.  The Pacific decadal oscillation.  J. Oceanogr 58:35-44 
 
Mantua, N.J., S.R. Hare, Y. Zhang, J.M. Wallace, and R.C. Francis.  1997.  A Pacific 

interdecadal climate oscillation with impacts on salmon production. Bulletin of the 
American Meteorological Society 78: 1069–1079. 

 
Manza, P.  2008.  Personal communication.  U.S. Bureau of Reclamation.  Shasta Dam operator, 

Central Valley Office, Sacramento, California.  April 15. 
 
Marston, D.  2004.  Letter to Mike Aceituno,  Office Supervisor, Sacramento, CA regarding 

steelhead smolt recoveries for the San Joaquin River Basin. 
 
Martin, C.D., P.D. Gaines, and R.R. Johnson.  2001.  Estimating the abundance of Sacramento 

River juvenile winter Chinook salmon with comparisons to adult escapement.  Red Bluff 

 814

http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf


Research Pumping Plant Report Series, Volume 5.  U.S. Fish and Wildlife Service, Red 
Bluff, California. 

 
Maslin, P., M Lennox, and W. McKinney.  1997.  Intermittent streams as rearing habitat for 

Sacramento River Chinook salmon (Oncorhynchus tshawytscha).  California State 
University, Chico, Department of Biological Sciences.  89 pages. 

 
Matern, S.A., P.B. Moyle and L.C. Pierce.  2002.  Native and alien fishes in a California 

Estuarine marsh: Twenty years of changing assemblages. Trans. Am. Fish. Soc. 131:797-
816. Bethesda, Maryland. 

 
Matkin, C.  1994.  An observer’s guide to the killer whales of Prince William Sound. Prince 

William Sound Books, Valdez, Alaska. 
 
Matkin, C.O., E.L. Saulitis, G. M. Ellis, P. Olesiuk, and S.D. Rice.  2008.  Marine Ecology 

Progress Series Vol 356: 269-281. 
 
Matter, A.L. and B.P. Sandford.  2003.  A comparison of migration rates of radio and PIT-tagged 

adult Snake River Chinook salmon through the Columbia River hydropower system.  North 
American Journal of Fisheries Management 23:967-973. 

 
Mayer, T.  2008.  Analysis of trends and changes in Upper Klamath Lake hydroclimatology.  

United States Fish and Wildlife Service.  Water Resources Branch. Portland, Oregon. 31 pp. 
 
Mayfield, R.B. and J.J. Cech, Jr.  2004.  Temperature Effects on green sturgeon bioenergetics.  

Transactions of the American Fisheries Society 133:961-970. 
 
McBain, S. and B. Trush,  1999.  Lower Clear Creek floodway rehabilitation project: channel 

reconstruction, riparian vegetation, and wetland creation design document.  Prepared by 
North State Resources.  Arcata, California. 

 
McBain, S. and B. Trush.  2001.  Final report:  geomorphic evaluation of lower Clear Creek 

downstream of Whiskeytown Dam, California.  Prepared for the Western Shasta Resource 
Conservation District.  November. 

 
McDonald, J.  1960.  The behavior of Pacific salmon fry during the downstream migration to 

freshwater and saltwater nursery areas.  Journal of the Fisheries Research Board of Canada 
17:655-676. 

 
McElhany, P., M. H. Ruckelshaus, M. J. Ford, T. C. Wainwright, and E. P. Bjorkstedt.  2000.  

Viable Salmonid Populations and the Recovery of Evolutionarily Significant Units.  NOAA 
Tech. Memo. NMFS-NWFSC-42.  U.S. Dept. of Commerce.  National Oceanic and 
Atmospheric Administration.  National Marine Fisheries Service.  156 pages. 

 

 815



McEwan, D.  2001.  Central Valley steelhead.  In R .L. Brown (editor), Contributions to the 
Biology of Central Valley Salmonids, Volume 1, pages 1-44.  California Department of Fish 
and Game, Fish Bulletin 179. 

 
McEwan, D. and T. A. Jackson.  1996.  Steelhead restoration and management plan for 

California.  California Department of Fish and Game.  Sacramento, California.  234 pages. 
 
McEwan, D. and J. Nelson. 1996. Steelhead Restoration Plan for the American River. The State 

of California Resources Agency. 1-39 p. 
 
McGill, R.R. Jr.  1987.  Land use changes in the Sacramento River riparian zone, Redding to 

Colusa.  A third update: 1982-1987.  Department of Water Resources, Northern District, 19 
pages. 

 
McLain, J.  2006.  Personal communication.  Fisheries Biologist.  Sacramento Area Office, 

National Marine Fisheries Service.  Sacramento, California. 
 
McReynolds, T.R., C.E. Garman, P.D. Ward, and M.C. Schommer.  2005.  Butte and Big Chico 

Creeks spring-run Chinook salmon, Oncorhynchus tshawytscha life history investigation, 
2003-2004.  California Department of Fish and Game, Inland Fisheries Administrative 
Report No. 2005-1. 

 
Meehan, W.R.  1991.  Introduction and overview.  In W.R. Meehan (editor), Influences of forest 

and rangeland management on salmonid fishes and their habitats.  American Fisheries 
Society Special Publication 19, pages 1-16.  American Fisheries Society, Bethesda, 
Maryland. 

 
Meehan, W. R. and T. C. Bjornn.  1991.  Salmonid distributions and life histories.  In W. R. 

Meehan, editor, Influences of Forest and Rangeland Management on Salmonid Fishes and 
Their Habitats, pages 47-82.  American Fisheries Society Special Publication 19.  American 
Fisheries Society.  Bethesda, Maryland.  751 pages. 

 
Meffe, G.K.  1992.  Techno-arrogance and halfway technologies:  salmon hatcheries on the 

Pacific coast of North America.  Conservation Biology 6: 350-354. 
 
Mefford, B. and Z. Sutphin.  2009.  Intake diversion dam fish screens:  Evaluation of fish screens 

for protecting early life stages of pallid sturgeon.  Hydrraulic Laboratory Report HL-2007-
010.  U.S Department of the Interior, Bureau of Reclamation.  Technical Service Center.  
Water Resources Research Laboratory.  Denver, Colorado.  27 pages. 

 
Merz, J.E.  (no date).  Striped bass predation on juvenile salmonids at the Woodbridge Dam 

afterbay, Mokelumne River, California.  Unpublished draft document.  East Bay 
Municipal Utility District.  4 pages plus 6 figures. 

 

 816



Mesa, M.G.  1994.  Effects of multiple acute stressors on the predator avoidance ability and 
physiology of juvenile Chinook salmon.  Canadian Journal of Fisheries and Aquatic 
Sciences 123(5): 786-793. 

 
Mesick, C.  2001.  The effects of San Joaquin river flows and delta exports rates during October 

on the number of adult San Joaquin Chinook salmon that stray.  Pages 139-161 in R.L. 
Brown, editor.  Contributions to the Biology of Central Valley Salmonids, Volume 2.  
California Department of Fish and Game, Fish Bulletin 179. 

 
Mesick, C., J. McLain, D. Marston, and T. Heyne.  2007.  Draft paper.  Limiting Factor Analyses 

& Recommended Studies for Fall- run Chinook Salmon and Rainbow Trout in the Tuolumne 
River.  Anadromous Fishery Restoration Program.  February 27.  92 pages.  

 
Metcalfe, N.B., S.K. Valdimarsson, and I.J. Morgan.  2003.  The relative roles of domestication, 

rearing environment, prior residence and body size in deciding territorial contests between 
hatchery and wild juvenile salmon.  Journal of Applied Ecology 40: 535-544. 

 
Meyer, J. H.  1979.  A review of the literature on the value of estuarine and shoreline areas to 

juvenile salmonids in Puget Sound, Washington.  U.S. Fish and Wildlife Service.  Fisheries 
Assistance Office, Olympia, Washington. 

 
Michny, F. and M. Hampton.  1984.  Sacramento River Chico Landing to Red Bluff project, 

1984, Juvenile salmon study.  U.S. Fish and Wildlife Service, Division of Ecological 
Services.  Sacramento, California. 

 
Miles, E. L., A. K. Snover, A. F. Hamlet, B. Callahan, and D. Fluharty.  2000.  Pacific Northwest 

regional assessment: the impacts of climate variability and climate change on the water 
resources of the Columbia River basin.  Journal of the American Water Resources 
Association 36: 399-420. 

 
Milligan, R.  2008.  Declaration of Ronald Milligan (USBR, Central Valley Operations Manager, 

Sacramento, California) in response to the July 24, 2008 Scheduling Order.  Pacific Coast 
Federation of Fishermen’s Association/Institute for Fisheries Resources et al. v. Carlos M. 
Gutierrez et al.  Case No. 1:06-CV-00245 OWW GSA.  September. 

 
Mohr, M.  2008.  Memorandum to the NMFS Southwest Region Sacramento Area Office, 

providing a review of harvest portions of Dr. Hanson’s declaration (Case 1:06-cv-00245-
OWW-GSA, Documents 276, 276-2, 276-3, Filed 05/27/2008).  November 29.  5 pp. 

 
Monroe, M., J. Kelly, and N. Lisowski.  1992.  State of the estuary, a report of the conditions and 

problems in the San Francisco Bay/Sacramento-San Joaquin Delta Estuary.  June.  269 
pages. 

 
Morinaka, J.  2003.  Contra Costa fish entrainment sampling.  Three year Summary Report 

(October 1993-August 1996).  Prepared for the U.S. Bureau of Reclamation and Contra 

 817



Costa Water District by the California Department of fish and Game, Bay-Delta and Special 
Water Projects Division.  Stockton, California.  25 pages. 

 
Moser, M.L. and S.T. Lindley.  2007.  Use of Washington estuaries by subadult and adult green 

sturgeon.  Environmental Biology of Fishes.  79:243-253. 
 
Mote, P.W.  2006.  Climate-driven variability and trends in mountain snowpack in western North 

America.  Journal of Climate 19: 6209-6220. 
 
Mote, P. W., A. F. Hamlet, M. P. Clark, and D. P. Lettenmaier.  2005.  Declining snowpack in 

western North America.  Bulletin of the American Meteorological Society.  January 
2005:39-49. 

 
Mount, J.F.  1995.  California rivers and streams:  The conflict between fluvial process and land 

use.  University California Press, Berkeley, California. 
 
Moyle, P.B.  2002.  Inland fish of California, 2nd edition.  University of California Press, 

Berkeley, California. 
 
Moyle, P.B., J.E. Williams, and E.D. Wikramanayake.  1989.   Fish species of special concern of 

California.  Wildlife and Fisheries Biology Department, University of California, Davis.  
Prepared for The Resources Agency, California Department of Fish and Game, Rancho 
Cordova. 

 
Moyle, P.B., P.J. Foley, and R.M. Yoshiyama.  1992.  Status of green sturgeon, Acipenser 

medirostris, in California.  Final report sent to NMFS, Terminal Island, California by UC 
Davis Department of Wildlife and Fisheries Biology.  12 pages.   

 
Moyle, P. B., R. M. Yoshiyama, J. E. Williams, and E. D. Wikramanayake.  1995.  Fish species 

of special concern in California, 2nd edition.  California Department of Fish and Game, 
Inland Fisheries Division, Rancho Cordova, California.  277 pp. 

 
Moyle, P.B., P.K. Crain, and K. Whitener.  2007.  Patterns of use of a restored California 

floodplain by native and alien fishes.  San Francisco and Estuary Watershed Science.  
Volume 5, Issue 3 (July 2007) Article 1.  Available at: 
http://repositories.cdlib.org/jmie/sfews/vol5/iss3/art1. 

 
Myers, J. M., R. G. Kope, G. J. Bryant, D. Teel, L .J. Lierheimer, T. C. Wainwright, W. S. Grant, 

F. W. Waknitz, K. Neely, S. T. Lindley, and R. S. Waples.  1998.  Status review of Chinook 
salmon from Washington, Idaho, Oregon, and California.  Technical Memorandum NMFS-
NWFSC-35.  United States Department of Commerce, National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service.  443 pages. 

 
Myers, R.A., S.A. Levin, R. Lande, F.C. James, W.W. Murdoch, and R.T. Paine.  2004.  

Hatcheries and Endangered Salmon.  Science 303: 1980. 
 

 818

http://repositories.cdlib.org/jmie/sfews/vol5/iss3/art1
http://repositories.cdlib.org/jmie/sfews/vol5/iss3/art1
http://repositories.cdlib.org/jmie/sfews/vol5/iss3/art1
http://repositories.cdlib.org/jmie/sfews/vol5/iss3/art1


Myrick, C.A. and J.J. Cech, Jr.  2001.  Temperature Effects on Chinook Salmon and Steelhead:  
A Review Focusing on California’s Central Valley Populations.  Bay-Delta Modeling Forum 

Technical Publication 01-1. 
 
Myrick, C.A. and J.J. Cech, Jr.  2004.  Temperature effects on juvenile anadromous salmonids in 

California's Central Valley:  What don't we know?  Reviews in Fish Biology and Fisheries 
14: 113-123. 

 
Naiman R.J. and M.G. Turner.  2000.  A future perspective on North America’s Frehwater 

ecosystems.  Ecological Applications 10(4):  958-970.   
 
Nakamoto, R. J., T. T. Kisanuki, and G. H. Goldsmith.  1995.  Age and growth of Klamath River 

green sturgeon (Acipenser medirostris).  U.S. Fish and Wildlife Service.  Project # 93-FP-
13.  20 pages. 

 
National Marine Fisheries Service.  1992.  Biological opinion for the long-term operations of the 

Central Valley Project.  National Marine Fisheries Service.  Southwest Region, Long Beach, 
California.  February. 

 
National Marine Fisheries Service.  1996.  Endangered Species Act - Section 7 consultation, 

biological opinion, The fishery management plan for commercial and recreational salmon 
fisheries off the coasts of Washington, Oregon, and California of the Pacific Fishery 
Management Council. 

 
National Marine Fisheries Service.  1996a.  Factors for decline: a supplement to the notice of 

determination for west coast steelhead under the Endangered Species Act.  National Marine 
Fisheries Service, Protected Resource Division, Portland, OR and Long Beach, California. 

 
National Marine Fisheries Service.  1996b.  Making Endangered Species Act determinations of 

effect for individual or group actions at the watershed scale.  Prepared by NMFS, 
Environmental and Technical Services Branch, Habitat Conservation Branch, Portland, 
Oregon.  31 pages. 

 
National Marine Fisheries Service.  1997.  National Marine Fisheries Service Proposed Recovery 

Plan for the Sacramento River Winter-run Chinook Salmon.  NMFS, Southwest Region, 
Long Beach, California.  217 pages with goals and appendices. 

 
National Marine Fisheries Service.  1997a.  Fish Screening Criteria for Anadromous Salmonids.  

National Marine Fisheries Service, Southwest Region.  January.  13 pages. 
 
National Marine Fisheries Service.  1997b.  Reinitiated Section 7 Consultation on the Fishery 

Management Plan for Commercial and Recreational Salmon Fisheries off the Coasts of 
Washington, Oregon, and California as it Affects the Sacramento River Winter Chinook 
Salmon.  Memorandum from Gary C. Matlock, NMFS Sustainable Fisheries, to Patricia A. 
Montanio, Protected Resources Division.  14 pages. 

 

 819



National Marine Fisheries Service.  1998a.  Factors Contributing to the Decline of Chinook 
Salmon:  An Addendum to the 1996 West Coast Steelhead Factors For Decline Report.  
Protected Resources Division, National Marine Fisheries Service.  Portland, Oregon. 

 
National Marine Fisheries Service.  1998b.  Status Review of Chinook Salmon from 

Washington, Idaho, Oregon, and California.  U.S. Department of Commerce, NOAA Tech. 
Memo.  NMFS-NWFSC-35.  443 pages. 

 
National Marine Fisheries Service.  2003.  Draft Report of Updated Status of Listed ESUs of 

Salmon and Steelhead.  NOAA Fisheries, Northwest Fisheries Science Center, Seattle, 
Washington.  (http://www.nwfsc.noaa.gov/cbd/trt/brt/brtrpt.html) 

 
National Marine Fisheries Service.  2004.  Assessment of acoustic exposures on marine 

mammals in conjunction with USS Shoup active sonar transmissions in the eastern Strait of 
Juan de Fuca and Haro Strait, Washington. Office of Protected Resources, National Marine 
Fisheries Service, Silver Spring, Maryland. 

 
National Marine Fisheries Service.  2004a.  Salmonid Hatchery Inventory and Effects Evaluation 

Report.  An Evaluation of the Effects of Artificial Propagation on the Status and Likelihood 
of Extinction of West Coast Salmon and Steelhead under the Federal Endangered Species 
Act.  U.S. Department of Commerce, National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service.  Technical Memorandum NMFS-NWR/SWR.  May 28. 

 
National Marine Fisheries Service.  2004b.  Supplemental Biological Opinion to the September 

20, 2002 Spring-run/Steelhead Operating Criteria and Plan (OCAP) Biological Opinion.  
National Marine Fisheries Service.  Long Beach, California. 

 
National Marine Fisheries Service.  2004c.  Letter from Rodney R. McInnis, NMFS, to Chester 

V. Bowling, U.S. Bureau of Reclamation, and Carl Torgersen, California Department of 
Water Resources, transmitting (1) the Biological Opinion on the Long-Tern Central Valley 
project and State Water Project Operations Criteria and Plan, and (2) EFH Conservation 
Recommendations.  October 22. 

 
National Marine Fisheries Service.  2005a.  Green sturgeon (Acipenser medirostris) status review 

update.  Biological review team, Santa Cruz Laboratory, Southwest Fisheries Science 
Center, California.  February.  31 pages. 

 
National Marine Fisheries Service.  2005b.  Final assessment of the National Marine Fisheries 

Service’s critical habitat analytical review teams (CHARTs) for seven salmon and steelhead 
evolutionarily significant units (ESUs) in California.  July.  Prepared by the NOAA 
Fisheries, Protected Resources Division, Long Beach, California.  Available at: 
http://swr.nmfs.noaa.gov/chd/CHART%20Final%20Assessment/Final_CHART_Report-
July_05.pdf.   

 
National Marine Fisheries Service.  2006.  Biological opinion on the issuance of section 

10(a)(1)(A) ESA permits to conduct scientific research on the Southern Resident killer whale 

 820

http://www.nwfsc.noaa.gov/cbd/trt/brt/brtrpt.html
http://www.nwfsc.noaa.gov/cbd/trt/brt/brtrpt.html
http://www.nwfsc.noaa.gov/cbd/trt/brt/brtrpt.html


(Orcinus orca) distinct population segment and other endangered and threatened species. 
National Marine Fisheries Service, Northwest Regional Office, Seattle, Washington.  March 
9. 

 
National Marine Fisheries Service.  2007.  Biological opinion on the U.S. Bureau of Reclamation 

and Contra Costa Water District Alternative Intake Project.  National Marine Fisheries 
Service, Southwest Regional Office, Long Beach, California.  July 3. 

 
National Marine Fisheries Service.  2008.  Biological opinion on the Approval of Revised 

Regimes under the Pacific Salmon Treaty and the Deferral of Management to Alaska of 
Certain Fisheries Included in those Regimes.  National Marine Fisheries Service, Northwest 
Regional Office, Seattle, Washington.  December 22. 

 
National Marine Fisheries Service .  2008a.  Recovery Plan for Southern Resident Killer Whales 

(Orcinus orca).  National Marine Fisheries Service, Northwest Region, Seattle, Washington. 
 
National Marine Fisheries Service. 2008b.  Chapter 5 (Section 5.7) Large-scale Environmental 

Variation, In Supplemental Comprehensive Analysis of the Federal Columbia River Power 
System and Mainstem Effects of the Upper Snake and Other Tributary Actions. May 5, 
2008. 

 
National Marine Fisheries Service.  2008c. Hatchery Effects Appendix. Hatchery Effects Report 

for Protected Salmon and Steelhead of the Interior Columbia Basin. July 21, 2006. Working 
Paper of the FCRPS Remand Hatcheries and Harvest Working Group. In Supplemental 
Comprehensive Analysis of the Federal Columbia River Power System and Mainstem 
Effects of the Upper Snake and Other Tributary Actions. May 5, 2008. 

 
National Marine Fisheries Service.  2008d.  Endangered Species Act – Section 7 Consultation 

Biological Opinion and Magnuson-Stevens Fishery Conservation and Management Act 
Essential Fish Habitat Consultation. Consultation on Treaty Indian and Non-Indian Fisheries 
in the Columbia River Basin Subject To the 2008-2017 US v. Oregon Management 
Agreement.  NMFS, Northwest Region.  May 5. 

 
National Marine Fisheries Service.  2008e.  Effects of the 2008 U.S. Fraser Panel Fisheries on 

the Southern Resident Killer Whale (Orcinus orca) Distinct Population Segment (DPS). 
Endangered Species Act – Section 7 Consultation, Biological Opinion.  Consultation 
conducted by National Marine Fisheries Service, Northwest Region.  Issued by Donna Darm, 
for D. Robert Lohn, Regional Administrator.  NMFS Tracking Number F/NWR/2008/04296. 

 
National Marine Fisheries Service.  2008f.  Endangered Species Act – Section 7 Consultation 

Biological Opinion.  Effects of the 2008 Pacific Coast Salmon Plan Fisheries on the Southern 
Resident Killer Whale Distinct Population Segment (Orcinus orca) and the Critical Habitat. 
NMFS, Northwest Region.  May 19. 

 
National Marine Fisheries Service.  2008g.  Endangered Species Act – Section 7 Consultation 

Biological Opinion and Magnuson-Stevens Fishery Conservation and Management Act 

 821



Consultation: consultation on remand for operation of the Columbia River Power System and 
19 Bureau of Reclamation Projects in the Columbia Basin.  NMFS, Portland, Oregon. 

 
National Marine Fisheries Service.  2008h.  Endangered Species Act – Section 7 Consultation 

Biological Opinion and Magnuson-Stevens Fishery Conservation and Management Act 
Consultation: Consultation on the Willamette River Basin Flood Control Project.  NMFS, 
Northwest Region.  July 11. 

 
National Marine Fisheries Service.  2008i.  Biological opinion on the proposal to issue permit 

No. 10045 to Samuel Wasser for studies of Southern Resident killer whales, pursuant to 
section 10(a)(1)(A) of the Endangered Species Act of 1973.  National Marine Fisheries 
Service, Northwest Regional Office, Seattle, Washington.  July 8. 

 
National Marine Fisheries Service.  2008a.  Unpublished.  Acoustic tagging program in Central 

Valley and San Francisco Bay.  National Marine Fisheries Service, Santa Rosa Area Office, 
California.  Data provided on October 29. 

 
National Marine Fisheries Service.  2009.  Letter from Rodney McInnis, NMFS, to Dr. Kathleen 

A. Dadey, U.S. Army Corps of Engineers, transmitting the Biological and Conference 
Opinion on the Reinitiation of Formal Consultation for the South Delta Temporary Barriers 
Project.  NMFS, Southwest Region, Long Beach, California.  April 3.  141 pages.  

 
National Marine Fisheries Service.  2009a.  Biological opinion on the Effects of the Pacific 

Coast Salmon Plan on the Southern Resident Killer Whale (Orcinus orca) Distinct 
Population Segment.  National Marine Fisheries Service, Northwest Regional Office, Seattle, 
Washington.  May 5. 

 
National Marine Fisheries Service.  2009b.  Letter from Maria Rea, NMFS, to Ron Milligan and 

David Roose, Reclamation, providing the estimated number of juvenile Sacramento River 
winter-run Chinook salmon (Oncorhynchus tschawytscha) expected to enter the Sacramento-
San Joaquin Delta (Delta) during water year 2008-2009.  January 12. 

 
National Marine Fisheries Service and California Department of Fish and Game.  2001.  Final 

report on anadromous salmon fish hatcheries in California.  Prepared by Joint Hatchery 
Review Committee.  June 27. 

 
National Research Council.  2003.  Ocean noise and marine mammals. National Academy Press, 

Washington, D.C. 
 
Neuman et al. 2007.  
 
Newman, K.B.  2008.  An evaluation of four Sacramento-San Joaquin River Delta juvenile 

salmon studies.  Prepared for CalFed Science Program.  Project No. SCI-06-G06-299.  
March 31.  182 pages.  Available online at:  
http://www.science.calwater.ca.gov/pdf/psp/PSP_2004_final/PSP_CalFed_FWS_salmon_st
udies_final_033108.pdf 

 822

http://www.science.calwater.ca.gov/pdf/psp/PSP_2004_final/PSP_CalFed_FWS_salmon_studies_final_033108.pdf
http://www.science.calwater.ca.gov/pdf/psp/PSP_2004_final/PSP_CalFed_FWS_salmon_studies_final_033108.pdf
http://www.science.calwater.ca.gov/pdf/psp/PSP_2004_final/PSP_CalFed_FWS_salmon_studies_final_033108.pdf
http://www.science.calwater.ca.gov/pdf/psp/PSP_2004_final/PSP_CalFed_FWS_salmon_studies_final_033108.pdf
http://www.science.calwater.ca.gov/pdf/psp/PSP_2004_final/PSP_CalFed_FWS_salmon_studies_final_033108.pdf


 
Newman, K.B. and J. Rice.  2002.  Modeling the survival of Chinook salmon smolts 

outmigrating through the lower Sacramento River system. Journal of the American Statistical 
Association 97(460):983-993. 

 
Newman, K.B., and P. Brandes.  In review.  Hierarchical modeling of juvenile chinook salmon 

survival as a function of Sacramento-San Joaquin Delta water exports.  Submitted to North 
American Journal of Fisheries Management. 

 
Newton, J.  2002.  Personal communication.  Red Bluff Fish and Wildlife Office, U.S. Fish and 

Wildlife Service.  Red Bluff, California.  August 27. 
 
Nguyen, R.M. and C.E. Crocker.  2007.  The effects of substrate composition on foraging 

behavior and growth rate of larval green sturgeon, Acipenser medirostris.  Environmental 
Biology of Fishes 79:231-241. 

 
Nichols, F.H., J.E. Cloern,  S.N. Louma, and D.H. Peterson.  1986.  The modification of an 

estuary. Science 231: 567-573. 
 
Nickum, M.J., P.M. Mazik, J.G. Nickum, and D.D. MacKinlay, editors. 2004. Propagated fish in 

resource management. American Fisheries Society, Symposium 44, American Fisheries 
Society, Bethesda, Maryland. 

 
Noakes, D. J.  1998.  On the coherence of salmon abundance trends and environmental trends.  

North Pacific Anadromous Fishery Commission Bulletin, pages 454-463. 
 
Nobriga, M.L. and P.  Cadrett.  2003.  Differences among hatchery and wild steelhead: evidence 

from Delta fish monitoring programs.  Interagency Ecological Program for the San 
Francisco Estuary Newsletter 14:3:30-38. 

 
Noren, D.P. (In review).  Estimating daily energetic needs and prey consumption rates of 

Southern Resident killer whales.  NOAA NMFS Northwest Fisheries Science Center.  16 p. 
 
Northwest Fisheries Science Center.  Unpublished data.  Prey samples from Southern Resident 

killer whale kills.   
 
Norman, S.A., C.E. Bowlby, M.S. Brancato, J. Calambokidis, D. Duffield, P.J. Gearin, T.A. 

Gornall, M.E. Gosho, B. Hanson, J. Hodder, S.J. ies, B. Lagerquist, D.M. Lanbourn, B. Mate, 
B. Norberg, R.W. Osborne, J.A. Rash, S. Riemer, and J. Scordino. 2004.  Cetacean 
strandings in Oregon and Washington between 1930 and 2002.  Journal of Cetacean 
Research and Management 6: 87-99. 

 
Nossaman LLP.  2009.  Letter submitted to Rodney R. McInnis, NMFS, transmitting comments 

of Kern County Water Agency and the Coalition for a Sustainable Delta on the Draft 
Biological Opinion on the Long-term Central Valley Projecrt and State Water Project 

 823



Operations Criteria and Plan dated December 11, 2008.  April 15, 2009.  27 page plus 
enclosures. 

 
O’Farrell, M.R., M.S. Mohr, M.L. Palmer-Zwahlen, A.M. Grover.  2008.  The Sacramento 

Index.  Pacific Fisheries Management Council, Methodology Review Meeting, Agenda Item 
D.1.a, Attachment 2.  November.  Available online at: 
http://www.pcouncil.org/bb/2008/1108/D1a_ATT2_1108.pdf 

 
O’Neill, M. Sandra, G.M. Ylitalo, J.E. West, J. Bolton, C.A. Sloan, M.M. Krahn.  In prep.  

Regional patterns of persistent organic pollutants in five Pacific salmon species 
(Oncorhynchus spp) and their contributions to contaminant levels in northern and southern 
resident killer whales (Orcinus orca). 

 
O’Neill, S., G. Ylitalo, M. Krahn, J. West, J. Bolton, and D. Brown.  2005.  Elevated levels of 

persistent organic pollutants in Puget Sound salmon: the importance of residency in Puget 
Sound.http://wdfw.wa.gov/science/articles/pcb/salmon_pollutants_slideshow_files/frame.ht
m 

 
O’Neill, S.M., G.M. Ylitalo, J.E. West, J. Bolton, C.A. Sloan, and M.M. Krahn.  In prep.   

Regional patterns of persistent organic pollutants in five Pacific salmon species 
(Oncorhynchus spp) and their contributions to contaminant levels in northern and southern 
resident killer whales (Orcinus orca). 

 
O’Shea, T.J.  1999.  Environmental contaminants and marine mammals.  In J.E. Reynolds III and 

S.A. Rommel, editors, Biology of marine mammals, pages 485-563.  Smithsonian Institution 
Press, Washington, D.C. 

 
Olesiuk, P.F., M.A. Bigg, and G.M. Ellis. 1990.  Life history and population dynamics of 

resident killer whales (Orcinus orca) in the coastal waters of British Columbia and 
Washington State. Rep. Int. Whal. Commn. (special issue) 12: 209-244. 

 
Olesiuk, P.F., G.M. Ellis, and J.K. Ford.  2005.  Life history and population dynamics of 

northern resident killer whales (Orcinus orca) in British Columbia.  DFO Canadian Science 
Advisory Secretariat, Fisheries and Oceans, Canada.  Research Document 2005/045.  
Available at: http://www/dfo-mpo.gc.ca/csas/ 

 
Olla, B.L., M.W. Davis, and C.B. Schreck.  1992.  Comparison of predator avoidance 

capabilities with corticosteroid levels induced by stress in juvenile coho salmon.  
Transactions of the American Fisheries Society 121(4):544-547. 

 
Oppenheim, B.  2008.  Personal communication.  Fisheries Biologist.  Sacramento Area Office, 

National Marine Fisheries Service, Sacramento, California.  May 5. 
 
Oppenheim, B.  2009.  Memorandum to Maria Rea, NMFS, documenting a fall-run analysis of 

effects associated with implementation of the CVP SWP operations RPA.  June 1.  10 pages. 
 

 824

http://www.pcouncil.org/bb/2008/1108/D1a_ATT2_1108.pdf
http://wdfw.wa.gov/science/articles/pcb/salmon_pollutants_slideshow_files/frame.htm
http://wdfw.wa.gov/science/articles/pcb/salmon_pollutants_slideshow_files/frame.htm
http://wdfw.wa.gov/science/articles/pcb/salmon_pollutants_slideshow_files/frame.htm
http://wdfw.wa.gov/science/articles/pcb/salmon_pollutants_slideshow_files/frame.htm


Orsi, J.  1967.  Predation study report, 1966-1967.  California Department of Fish and Game. 
 
Orsi, J.J.  1971.  Thermal shock and upper lethal temperature tolerances of young king salmon 

(Oncorhynchus tshawytscha) from the Sacramento-San Joaquin River system.  CDFG 
Anadromous Fisheries Branch Administrative Report 71-11. 

 
Osborne, R.W. 1999. A historical ecology of Salish Sea “resident” killer whales (Orcinus orca): 

with implications for management. Ph.D. thesis, University of Victoria, Victoria, British 
Columbia. 

 
Pacific Salmon Commission Joint Chinook Technical Committee.  2008.  Pacific Salmon 

Commission Joint Chinook Technical Committee Report: 2007 Annual Report of Catches 
and Escapements, Exploitation Rate Analysis and Model Calibration.  Report TCCHINOOK 
(08)-1. February 14, 2008. 

 
Paine et al. 2000 
 
Pearsons, T.N., A.L. Fritts, and J.L. Scott.  2007.  The effects of hatchery domestication on 

competitive dominance of juvenile spring Chinook salmon (Oncorhynchus tshawytscha).  
Can. J. Fish. Aquat. Sci. 64: 803-812. 

 
Perry, R.W. and J.R. Skalski.  2008.  Migration and survival of juvenile Chinook salmon through 

the Sacramento-San Joaquin River delta during the winter of 2006-2007.  Report prepared 
for the U.S. Fish and Wildlife Service. September 2008.  32 pages. 

 
Peterson, J.H. and J.F. Kitchell.  2001.  Climate regimes and water temperature changes in the 

Columbia River:  Bioenergetic implications for predators of juvenile salmon.  Canadian 
Journal of Fisheries and Aquatic Sciences.  58:1831-1841. 

 
Peterson, W.T., R.C. Hooff, C.A. Morgan, K.L. Hunter, E. Casillas, and J.W. Ferguson.  2006.  

Ocean Conditions and Salmon Survival in the Northern California Current.  White Paper.   
52 pages. 

 
Phillips, R.W. and H.J. Campbell.  1961.  The embryonic survival of coho salmon and steelhead 

trout as influenced by some environmental conditions in gravel beds.  Annual Report to 
Pacific Marine Fisheries Commission.  14:60-73. 

 
Pickard, A., A. Grover, and F. Hall.  1982.  An evaluation of predator composition at three 

locations on the Sacramento River.  Interagency Ecological Study Program for the 
Sacramento-San Joaquin Estuary.  Technical Report No. 2.  20 pages. 

 
Poytress, W.  2008.  U.S. Fish and Wildlife Service Fisheries Biologist, Red Bluff Fish and 

Wildlife Office, Red Bluff, California.  Personal communication with Bruce Oppenheim, 
Fisheries Biologist, NMFS, on the status of juvenile green sturgeon passage.  September 3. 

 

 825



Poytress, W.R., J.J. Gruber, D.A. Trachtenbarg, and J.P. Van Eenennaam.  2009.  2008 Upper 
Sacramento River Green Sturgeon Spawning Habitat and Larval Migration Surveys.  Annual 
Report of U.S. Fish and Wildlife Service to U.S. Bureau of Reclamation, Red Bluff, 
California. 

 
Pyke, G.H., H.R. Pulliam, and E.L. Charnov.  1977.  Optimal Foraging:  A Selective Review of 

Theory and Tests.  The Quarterly Review of Biology, 52. 
 
Quinn, T.P.  2005.  The Behavior and Ecology of Pacific Salmon and Trout.  University of 

Washington Press, Seattle, Washington. 
 
Radtke, L.D.  1966.  Distribution of smelt, juvenile sturgeon, and starry flounder in the 

Sacramento-San Joaquin Delta with observations on food of sturgeon, in Ecological studies 
of the Sacramento-San Joaquin Delta, Part II. (J. L. Turner and D. W. Kelley, comp.).  
California Department of Fish and Game Fish Bulletin 136:115-129. 

 
Rand, G.M., P.G. Wells, and L.S. McCarty.  1995.  Introduction to aquatic toxicology.  In G.M. 

Rand (editor),  Fundamentals of aquatic toxicology: effects, environmental fate, and risk 
assessment, second edition, pages 3-66.  Taylor and Francis.  Bristol, Pennsylvania. 

 
Regonda, S.K., B. Rajagoplan, M. Clark, and J. Pitlick.  2005.  Seasonal shifts in 

hydroclimataology over the western United States.  Journal of Climate 18: 372-384. 
 
Reijnders, P.J.H. and A. Aguilar. 2002. Pollution and marine mammals. Pages 948-957 in W. F.  

Perrin, B. Würsig, and J. G. M. Thewissen, editors. Encyclopedia of marine mammals. 
Academic Press, San Diego, California. 

 
Reiser, D.W. and R.G. White.  1983.  Effects of Complete Redd Dewatering on Salmonid Egg-

Hatching Success and Development of Juveniles.  Transactions of the American Fisheries 
Society 112: 532-540. 

 
Reynolds, F.L., T.J. Mills, R. Benthin, and A. Low.  1993.  Restoring Central Valley streams: a 

plan for action.  California Department of Fish and Game, Inland Fisheries Division, 
Sacramento, California. 

 
Rich, A.A.  1997.  Testimony of Alice A. Rich, Ph.D., regarding water rights applications for the 

Delta Wetlands Project, proposed by Delta Wetlands Properties for Water Storage on Webb 
Tract, Bacon Island, Bouldin Island, and Holland Tract in Contra Costa and San Joaquin 
Counties.  July 1997.  California Department of Fish and Game Exhibit CDFG-7.  Submitted 
to State Water Resources Control Board. 

 
Richardson, T.H. and P. Harrison. 1990.  Fish and Wildlife Impacts of Shasta Dam Water 

Temperature Control Alternatives.  Prepared for the U.S. Bureau of Reclamation, 
Sacramento, California. FWS--Fish and Wildlife Enhancement, Sacramento, California. 

 

 826



Richardson, W.J., C.R. Greene, Jr., C.I. Malme, and D.H. Thomson. 1995. Marine mammals and 
noise. Academic Press, San Diego, California. 

 
Robison, G.E., and Beschta, R.L.  1990.  Identifying trees in riparian areas that can provide 

coarse woody debris to streams.  Forest Service 36:790-801. 
 
Romano, T.A., M. J. Keogh, C. Kelly, P. Feng, L. Berk, C. E. Schlundt, D. A. Carder, and J. J. 

Finneran. 2003. Anthropogenic sound and marine mammal health: measures of the nervous 
and immune systems before and after intense sound exposure. Canadian Journal of Fisheries 
and Aquatic Sciences 61:1124-1134. 

 
Rombough, P.J.  1988.  Growth, Aerobic Metabolism, and Dissolved-Oxygen Requirements of 

Embryos and Alevins of Steelhead, Salmo-Gairdneri.  Canadian Journal of Zoology-Revue 
Canadienne de Zoologie 66: 651-660.  

 
Ross, P. S., G. M. Ellis, M. G. Ikonomou, L. G. Barrett-Lennard, and R. F. Addison. 2000. High 

PCB concentrations in free-ranging Pacific killer whales, Orcinus orca: effects of age, sex 
and dietary preference. Marine Pollution Bulletin 40:504-515. 

 
Ruggerone, G.T., R. Hanson, and D.E. Rogers. 2000. Selective predation by brown bears (Ursus 

arctos) foraging on spawning sockeye salmon (Oncorhynchus nerka). Canadian Journal of 
Zoology 78(6): 974-981. 

 
Rutter, C.  1904.  Natural history of the quinnat salmon.  Investigations on Sacramento River, 

1896-1901.  Bulletin of the U.S. Fish Commission. 22:65-141. 
 
Sandahl, J.F., D.H. Baldwin, J.J. Jenkins, and N.L. Scholz.  2007.  A sensory system at the 

interface between urban stormwater runoff and salmon survival.  Environmental Science and 
Technology, 41:2998-3004. 

 
Sanderson, B.L., K.A. Barnas, and A.M.W. Rub.  2009.  Nonindigenous Species of the Pacific 

Northwest: An Overlooked Risk to Endangered Salmon?  BioScience 59:245-256. 
 
S.P. Cramer and Associates, Inc.  2000.  Stanislaus River data report.  Oakdale California. 
 
S.P. Cramer and Associates, Inc.  2001.  Stanislaus River data report.  Oakdale California. 
 
San Joaquin River Group Authority.  2001.  2000 Annual Technical Report:  On implementation 

and monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management 
Plan.  January.  84 pages. 

 
San Joaquin River Group Authority.  2002.  2001 Annual Technical Report:  On implementation 

and monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management 
Plan.  January.  125 pages. 

 

 827



San Joaquin River Group Authority.  2003.  2002 Annual Technical Report:  On implementation 
and monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management 
Plan.  January.  120 pages. 

 
San Joaquin River Group Authority.  2004.  2003 Annual Technical Report:  On implementation 

and monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management 
Plan.  January.  124 pages. 

 
San Joaquin River Group Authority.  2005.  2004 Annual Technical Report:  On implementation 

and monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management 
Plan.  January.  132 pages. 

 
San Joaquin River Group Authority.  2006.  2005 Annual Technical Report:  On implementation 

and monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management 
Plan.  January.  129 pages. 

 
San Joaquin River Group Authority.  2007.  2006 Annual Technical Report:  On implementation 

and monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management 
Plan.  January.  137 pages.  

 
San Joaquin River Group Authority.  2008.  2007 Annual technical report on implementation and 

monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management 
Plan.  Prepared for the California Water Resources Control Board incompliance with D-
1641.  128 pages. 

 
San Luis & Delta-Mendota Water Authority and State Water Contractors, Inc.  2008.  Letter 

submitted to Rodney McInnis, NMFS, and Ren Loheofener, U.S. Fish and Wildlife Service, 
with 3 enclosed declarations pursuant to PCFFA et al. v Gutierrez et al.  (Case 1:06-cv-
00245-OWW-GSA). 

 
Saulitis, E., C. Matkin, L. Barett-Lennard, K. Heise, and G. Ellis.  2000.  Foraging strategies of 

sympatric killer whale (Orcinus orca) populations in Prince William Sound, Alaska.  Marine 
Mammal Science, 16(1): 94-109. 

 
Schaffter, R.  1980.   Fish occurrence, size, and distribution in the Sacramento River near Hood, 

California during 1973 and 1974.  California Department of Fish and Game. 
 
Schaffter, R.  1997.  White sturgeon spawning migrations and location of spawning habitat in the 

Sacramento River, California.  California Department of Fish and Game 83:1-20. 
 
Scheffer, V.B. and J.W. Slipp. 1948. The whales and dolphins of Washington State with a key to 

the cetaceans of the west coast of North America. American Midland Naturalist 39: 257-
337. 

 

 828



Scheuerell, M.D. and J.G. Williams.  2005.  Forecasting climate-induced changes in the survival 
of Snake River spring/summer Chinook salmon (Oncorhynchus tshawytscha). Fisheries 
Oceanography 14(6):448-457. 

 
Schmetterling, D. A., C. G. Clancy, and T. M. Brandt.  2001.  Effects of riprap bank 

reinforcement on stream salmonids in the western United States.  Fisheries 26(7): 6-23.  
 
Shaffer, M.L.  1981.  Minimum Population Sizes for Species Conservation.  Bioscience 31:131-

134. 
 
Shapovalov, L. and A.C. Taft.  1954.  The life histories of the steelhead rainbow trout (Salmo 

gairdneri gairdneri) and silver salmon (Oncorhynchus kisutch) with special reference to 
Waddell Creek, California, and recommendations regarding their management.  California 
Department of Fish and Game, Fish Bulletin 98:1-375. 

 
Shelton, J. M.  1995.  The hatching of Chinook salmon eggs under simulated stream conditions.  

Progressive Fish-Culturist 17:20-35. 
 
Singer, M.B.  2007.  Influence of major dams on hydrology through the drainage network of the 

Sacramento Valley, California.  River Research and Applications 23(1):55-72. 
 
Skinner, J.E.  1958.  Some observations regarding the King salmon runs of the central Valley.  

Water Projects Miscellaneous Report #1.  Submitted 3/19/1958.  Revised 10/14/1958.  8 
pages plus figures and tables. 

 
Slater, D.W.  1963.  Winter-run Chinook salmon in the Sacramento River, California, with notes 

on water temperature requirements at spawning.  U.S. Fish and Wildlife Service, Special 
Science Report Fisheries 461:9. 

 
Sloman, K.A., D.W. Baker, C.M. Wood, and G. McDonald.  2002.  Social interactions affect 

physiological consequences of sublethal copper exposure in rainbow trout, Oncorhynchus 
mykiss.  Environmental Toxicology and Chemistry. 21(6):1255-1263. 

 
Smith, A.K.  1973.  Development and application of spawning velocity and depth criteria for 

Oregon salmonids.  Transactions of the American Fisheries Society 10:312-316. 
 
Snider, B.  2001.  Evaluation of effects of flow fluctuations on the anadromous fish populations 

in the lower American River.  California Department of Fish and Game, Habitat 
Conservation Division.  Stream Evaluation Program.  Tech. Reports No. 1 and 2 with 
appendices 1-3.  Sacramento, California. 

 
Snider, B. and R. G. Titus.  2000.  Timing, composition, and abundance of juvenile anadromous 

salmonid emigration in the Sacramento River near Knights Landing, October 1996-
September 1997.  California Department of Fish and Game, Habitat Conservation Division, 
Stream Evaluation Program Technical Report No. 00-04. 

 

 829



Sommer, T. R., M. L. Nobriga, W. C. Harrel, W. Batham, and W. J. Kimmerer.  2001.  
Floodplain rearing of juvenile Chinook salmon: evidence of enhanced growth and survival.  
Canadian Journal of Fisheries and Aquatic Sciences 58:325-333. 

 
Sommer, T.R., Harrell, W.C., Nobriga, M.I., Brown, R. Moyle P.B., Kimmerer, W., and 

Schemel, L.  2001a.  California’s Yolo Bypass: Evidence that flood control can be 
compatible with fisheries, wetlands, wildlife, and agriculture.  Fisheries.  26(8): 6-16. 

 
Sommer, T.R., Nobriga, M.I., Herrell, W.C., Batham, W., and Kimmere, W.  2001b.  Floodplain 

rearing of juvenile Chinook salmon: evidence of enhanced growth and survival.  Canadian 
Journal of Fisheries and Aquatic Sciences.  58: 325-333. 

 
Sommer, T.R., W.C. Harrell, A. Mueller Solger, B. Tom, and W. Kimmerer.  2004.  Effects of 

flow variation on channel and floodplain biota and habitats of the Sacramento River, 
California, USA.  Aquatic Conserv: Mar. Freshw. Ecosyst. 14: 247–261 (2004).  Published 
online 5 April 2004 in Wiley InterScience (www.interscience.wiley.com). DOI: 
10.1002/aqc.620 

 
Sommer, T.R., Harrell, W.C., and Nobriga, M.I.  2005.  Habitat use and stranding risk of 

juvenile Chinook salmon on a seasonal floodplain.  North American Journal of Fisheries 
Management.  25: 1493-1504. 

 
Sommer, T., C. Armor, R. Baxter, R. Breuer, L. Brown, M. Chotkowski, S. Culberson, F. Feyrer, 

M. Gingras, B. Herbold, W. Kimmerer, A. Mueller-Solger, M. Nobriga, and K. Souza. 2007. 
The collapse of pelagic fishes in the upper San Francisco Estuary. Fisheries 32(6):270-277. 

 
Speegle, J.  2008.  Personal Communication.  Fishery Biologist (Data Manager).  US Fish and 

Wildlife Service.  Stockton, California.  August 8. 
 
Spence, B. C., G. A. Lomnicky, R. M. Hughes, and R. P. Noviztki. 1996.  An ecosystem 

approach to salmonid conservation.  TR-4501-96-6057.  ManTech Environmental Research 
Services Corp., Corvallis, Oregon.  Copy available at:  
http://www.nwr.noaa.gov/Publications/Reference-Documents/ManTech-Report.cfm 

 
Stachowicz, J. J., J. R. Terwin, R. B. Whitlatch, and R. W. Osman.  2002.  Linking climate 

change and biological invasions:  Ocean warming facilitates non-indigenous species 
invasions.  PNAS, November 26, 2002.  99:15497–15500 

 
Staley, J.R.  1975.  American River steelhead (Salmo gairdnerii gairdnerii) management,1956-

1974.  California Department of Fish and Game, Region 2, Inland Fisheries, Anadromous 
Branch, Administrative Report No. 76-2.  

 
Stansby, M.E.  1976.  Chemical characteristics of fish caught in the northeast Pacific Ocean.  

Marine Fisheries Review 38: 1-11. 
 

 830

http://www.nwr.noaa.gov/Publications/Reference-Documents/ManTech-Report.cfm
http://www.nwr.noaa.gov/Publications/Reference-Documents/ManTech-Report.cfm
http://www.nwr.noaa.gov/Publications/Reference-Documents/ManTech-Report.cfm
http://www.nwr.noaa.gov/Publications/Reference-Documents/ManTech-Report.cfm


Stearns, S.C.  1992.  The evolution of life histories.  Oxford University Press:  New York, New 
York. 

 
Stephenson, A.E. and D.E. Fast.  2005.  Monitoring and evaluation of avian predation on 

juvenile salmonids on the Yakima River, Washington.  Annual Report 2004.  March 2005. 
 
Stevens, D.E.  1961.  Food habits of striped bass, Roccus saxatilis (Walbaum) in the Rio Vista 

area of Sacramento River.  Master’s Thesis.  University of California.  Berkeley, California. 
 
Stewart, I. T., D. R. Cayan, and M. D. Dettinger.  2005.  Changes toward earlier streamsflow 

timing across western North America.  Journal of Climate 18: 1136-1155. 
 
Stewart, I. T., D. R. Cayan, and M. D. Dettinger.  2005.  Changes toward earlier streamsflow 

timing across western North America.  Journal of Climate 18: 1136-1155. 
 
Stillwater Sciences.  2000.  Avoidance Behavior of Juvenile Chinook at a Rotary Screw Trap. 

178 MB movie at http://www.delta.dfg.ca.gov/afrp/documents/highlights.mov    
 
Stillwater Sciences.  2002.  Merced River corridor restoration plan.  Stillwater Sciences, 

Berkeley, California.  245 pages. 
 
Stillwater Sciences.  2004.  Appendix H: conceptual models of focus fish species response to 

selected habitat variables.  In: Sacramento River Bank Protection final Standard Assessment 
Methodology.  July. 

 
Stillwater Sciences.  2006.  Biological Assessment for five critical erosion sites, river miles: 26.9 

left, 34.5 right, 72.2 right, 99.3 right, and 123.5 left.  Sacramento River Bank Protection 
Project.  May 12. 

 
Stillwater Sciences.  2007.  Linking biological responses to river processes: Implications for 

conservation and management of the Sacramento River—a focal species approach.  Final 
Report.  Prepared by Stillwater Sciences, Berkeley for The Nature Conservancy, Chico, 
California. 

 
Stone, L.  1874.  Report of operations during 1872 at the U.S. salmon-hatching establishment on 

the McCloud River, and on the California Salmonidae generally; with a list of specimens 
collected.  Report to U.S. Commissioner of Fisheries for 1872-1873, 2:168-215. 

 
Sumner and Smith 1940 op cit. SWRI 2001. 
 
Surface Water Resources, Inc.  2001.  Aquatic Resources of the Lower American River: Baseline 

Report. Draft. Prepared for Lower American River Fisheries and Instream Habitat (FISH) 
Working Group.  February. 

 

 831



Swanson, C., P.S. Young, and J.J. Cech.  2004.  Swimming in two-vector flows: Performance 
and behavior of juvenile Chinook salmon near a simulated screened water diversion.  
Transactions of the American Fisheries Society 133:265-278. 

 
SWRCB,(State Water Resources Control Board, CalEPA).  1995.  Water Quality Control Plan 

for the San Francisco Bay-San Joaquin Delta Estuary.  95-1 WR.  May 1995. 
 
SWRCB.  2000.  Testimony and supporting materials presented during Delta Action 8 and D-

1641 Amendment hearings.  www.waterboards.ca.gov 
 
Sweeney, B. W., Bott, T. L. Jackson, J. K. Kaplan, L. A. Newbold, J. D. Standley, L. J. Hession, 

W. C., and R. J. Horwitz.  2004.  Riparian deforestation, stream narrowing, and loss of 
stream ecosystem services.  National Academy of Sciences 101:14132-14137. 

 
Tehama-Colusa Canal Authority.  2008.  Final Environmental Impact Statement/Environmental 

Impact Report for the Fish Passage Improvement Project at the Red Bluff Diversion Dam, 
Tehama County, California.  State Clearinghouse No. 2002-042-075.  Prepared by 
CH2MHill.  May.  

 
Tehama-Colusa Canal Authority and U.S. Bureau of Reclamation.  2002.  Draft Environmental 

Impact Statement/Environmental Impact Report Fish Passage Improvement Project at the 
Red Bluff Diversion Dam, Attachment B1.  Willows and Sacramento, California.  

 
The Bay Institute.  1998.  From the Sierra to the Sea:  The ecological history of the San 

Francisco Bay-Delta watershed.  San Francisco.  286 pages. 
 
Tierney, K.B., J.L. Sampson, P.S. Ross, M.A. Sekela, and C.J. Kennedy.  2008.  Salmon 

olfaction is impaired by an environmentally realistic pesticide mixture.  Environmental 
Science & Technology 42: 4996-5001. 

 
Tillman, T.L., G.W. Edwards, and K.A.F. Urquhart.  1996.  Adult salmon migration during the 

various operational phases of Suisun Marsh Salinity Control Gates in Montezuma Slough: 
August-October 1993.  Agreement to California Department of Water Resources, Ecological 
Services Office by California Department of Fish and Game, Bay-Delta and Special Water 
Projects Division, 25 pages. 

 
Tucker, M.E., C.M. Williams, and R.R. Johnson.  1998.  Abundance, food habits, and life history 

aspects of Sacramento squawfish and striped bass at the Red Bluff Diversion Complex, 
including the Research Pumping Plant, Sacramento River, California, 1994-1996.  Red Bluff 
Research Pumping Plant Report Series, Vol. 4.  U.S. Fish and Wildlife Service, Red Bluff, 
California. 

 
Tucker, M.E., C.D. Martin and P.D. Gaines.  2003.  Spatial and temporal distribution of 

Sacramento pikeminnow and striped bass at the Red Bluff Diversion Complex, including the 
Research Pumping Plant, Sacramento River, CA: January 1997 – August 1998. Red Bluff 

 832



Research Pumping Plant Report Series, Vol. 10. U.S. Fish and Wildlife Service, Red Bluff, 
California.  32 pages. 

 
Tucker, M. E., C. M. Williams, and R. R. Johnson.  1998.  Abundance, food habits, and life 

history aspects of Sacramento squawfish and striped bass at the Red Bluff Diversion 
Complex, including the research pumping plant, Sacramento River, California:  1994 to 
1996.  Red Bluff Research Pumping Plant Report Series, Vol. 4.  U.S. Fish and Wildlife 
Service, Red Bluff, California.  54 pages. 

 
Turner, M.A., M.R. Viant, S.J. Teh, and M.L. Johnson.  2007.  Developmental rates, structural 

asymmetry, and metabolic fingerprints of steelhead trout (Oncorhynchus mykiss) eggs 
incubated at two temperatures.  Fish Physiology and Biochemistry 33: 59-72. 

 
U.S. Bureau of Reclamation.  1994.  Predator removal activities program and intake channel 

studies 1991-1992.  Tracy Fish Collection Facility Studies, California.  Volume 1.  Mid 
Pacific Region and Denver Technical Service Center.  June 1994.  viii + 55 pages. 

 
U.S. Bureau of Reclamation.  1995.  Re-Evaluation of louver efficiencies for juvenile Chinook 

salmon and striped bass at the Tracy Fish Collection Facility, Tracy, California, 1993.  
Tracy Fish Collection Facility Studies, California.  Volume 3.  Mid Pacific Region and 
Denver Technical Service Center.  April 1995.  v + 32 pages. 

 
U.S. Bureau of Reclamation.  1997.  Central Valley Project Improvement Act (CVPIA) Draft 

Programmatic Environmental Impact Statement.  Prepared for the U.S. Department of the 
Interior.  Sacramento, California. 

 
U.S. Bureau of Reclamation.  1998.  Spring-run Protection Plan.  Unpublished internal 

operational guidance document. 
 
U.S. Bureau of Reclamation.  2004.  Long-term Central Valley Project and State Water Project 

Operating Criteria and Plan.  Biological Assessment for ESA section 7(a)(2) consultation.  
Mid-Pacific Region.  Sacramento, California. 

 
U.S. Bureau of Reclamation.  2007.  Central Valley Operations website, Fish Salvage Data.  

Available online at:  (http://www. usbr.gov/mp/cvo/) 
 
U.S. Bureau of Reclamation.  2008.  Increasing juvenile fish capture efficiency at the Tracy Fish 

Collection Facility: an analysis of increased bypass ratios during low primary velocities.  
Tracy Fish Collection Facility Studies, California.  Volume 35.  Mid Pacific Region and 
Denver Technical Service Center.  August 2008.  vi + 30 pages. 

 
U.S. Bureau of Reclamation.  2008a.  October 1, 2008, letter from Ronald Milligan, 

Reclamation, to Rodney McInnis, National Marine Fisheries Service, transmitting the 
biological assessment on the long term operations, criteria, and plan for the Central Valley 
Project and State Water Project. 

 

 833



U.S. Bureau of Reclamation.  2008b.  Memo dated July 7, 2008, from Dennis Hawkins, 
Reclamation, Boise, Idaho to Ken Lally, Reclamation, Northern California Area Office, 
concerning  special underwater examination of the Spring Creek Temperature Control 
Curtain, Whiskeytown Lake, on June 18-19, 2008. Central Valley Project, Trinity River 
Division, California. 

 
U.S. Bureau of Reclamation.  2008c.  Press Release regarding Battle Creek Salmon and 

Steelhead Restoration Project.  July 14, 2008.  
http://www.usbr.gov/newsroom/newsrelease/detail.cfm?RecordID=23361. 

 
U.S. Bureau of Reclamation.  2008d.  Evaluation of Environmental Water Program (EWP): Pilot 

Re-operation of Whiskeytown Dam.  Prepared by the U.S. Bureau of Reclamation and ESSA 
Technologies Ltd of Canada under contract with USFWS.  Technical Memorandum No. 
WHI-8130-IE-2008-1.  Technical Service Center, Denver, Colorado. 
 

U.S. Bureau of Reclamation.  2009.  Supplemental water temperature modeling of the effects of 
the long term operations of the Central Valley Project in the lower American River, in 
consideration of various future climate change scenarios.  Modeling results submitted to 
NMFS via e-mail.  March 20. 
 

U.S. Bureau of Reclamation.  2009a.  Electronic mail from Reclamation to NOAA’s National 
Marine Fisheries Service, transmitting Reclamation’s and the Department of Water 
Resources’ comments on NMFS’ December 11, 2009, draft biological opinion on the long-
term operations criteria and plan for the Central Valley Project and State Water Project.  
January 13. 

 
U.S. Bureau of Reclamation.  2009b.  Letter from Ronald Milligan, Reclamation, to Maria Rea, 

NMFS, enclosing (1) Comments on the March 3, 2009 version of NMFS CVP OCAP 
BO/RPA, which supplement the January 13, 2009 Reclamation comments; and (2) a March 
20, 2009, letter from Katherine Kelly, DWR, to Ronald Milligan, Reclamation, transmitting 
Section 7 Consultation DWR’s comments on draft NMFS Salmonid Biological Opinion. 

 
U.S. Bureau of Reclamation and Tehama-Colusa Canal Authority.  2002. 
 
U.S. Department of the Interior.  1996.  Recovery plan for the Sacramento/San Joaquin Delta 

native fishes.  U.S. Fish and Wildlife Service, Sacramento, California 
 
U.S. Department of the Interior.  1999.  Final Programmatic Environmental Impact Statement for 

the Central Valley Project Improvement Act.  October 1999.  Technical Appendix, 10 
volumes. 

 
U.S. Department of the Interior.  2000.  Record of Decision for the Trinity River Mainstem 

Fishery Restoration Environmental Impact Statement/Environmental Impact Report.  
Department of the Interior.  Sacramento, California.  December 19. 

 

 834

http://www.usbr.gov/newsroom/newsrelease/detail.cfm?RecordID=23361


U.S. Environmental Protection Agency.  1994.  Methods for measuring the toxicity and 
bioaccumulation of sediment associated contaminants with freshwater invertebrates. EPA 
600-R-94-024.  Duluth, Minnesota. 

 
U.S. Environmental Protection Agency.  2001.  Summary of Technical Literature Examining the 

Physiological Effects of Temperature on Salmonids – Issue Paper Number 5.  Available at: 
http://yosemite.epa.gov/R10/WATER.NSF 

 
U.S. Environmental Protection Agency.  2003.  2003 Draft Update of Ambient Water Quality 

Criteria for Copper.  EPA 822-R-03-026.  Washington, D.C. 
 
U.S. Environmental Protection Agency.  2003a.  EPA Region 10 Guidance for Pacific Northwest 

State and Tribal Temperature Water Quality Standards. EPA 910-B-03-002. Region 10 
Office of Water, Seattle, Washington. 

 
U.S. Environmental Protection Agency.  2006.  CWA section 303(d) list of water quality limited 

segments requiring TMDLS. 
 
U.S. Fish and Wildlife Service and National Marine Fisheries Service.  1998.  Endangered 

Species Consultation Handbook, Procedures for Conducting Consultation and Conference 
Activities Under Section 7 of the Endangered Species Act.  March. 

 
U.S. Fish and Wildlife Service.  1988.  A study of the effects of riprap on Chinook salmon in the 

Sacramento River, California.  National Fisheries Research Center, Seattle Washington. 
 
U.S. Fish and Wildlife Service.  1993.  Endangered Species Act - section 7 consultation.  

Biological Opinion for the Los Vaqueros Project.  Prepared for the U.S. Bureau of 
Reclamation and Contra Costa Water District. 

 
U.S. Fish and Wildlife Service.  1995.  Sacramento-San Joaquin Delta Native Fishes Recovery 

Plan.  Portland, Oregon. 
 
U.S. Fish and Wildlife Service.  1995a.  Working paper on restoration needs: habitat restoration 

actions to double natural production of anadromous fish in the Central Valley of California.  
Volumes 1-3.  Prepared by the Anadromous Fish Restoration Program Core Group for the 
U.S. Fish and Wildlife Service, Stockton, California.  

 
U.S. Fish and Wildlife Service.  1995.  Working Paper on restoration needs: habitat restoration 

actions to double natural production of anadromous fish in the Central Valley of California.  
Volume 1.  May 9, 1995.  Prepared for the U.S. Fish and Wildlife Services under the 
direction of the Anadromous Fish Restoration Program Core Group.  Stockton, CA. 

 
U.S. Fish and Wildlife Service.  1995_.  Working paper: habitat restoration actions to double 

natural production of anadromous fish in the Central Valley of California.  Volume 2.  May 
9, 1995.  Prepared for the U.S. Fish and Wildlife Service under the direction of the 
Anadromous Fish Restoration Program Core Group.  Stockton, CA. 

 

 835



U.S. Fish and Wildlife Service.  1995_. Working Paper on restoration needs: habitat restoration 
actions to double natural production of anadromous fish in the Central Valley of California.  
Volume 3.  May 9, 1995. Prepared for the U.S. Fish and Wildlife Services under the direction 
of the Anadromous Fish Restoration Program Core Group.  Stockton, CA. 

 
 
U.S. Fish and Wildlife Service.  1997.  Abundance and survival of juvenile Chinook salmon in 

the Sacramento-San Joaquin Estuary.  1994 Annual Progress Report.  Stockton, California. 
 
U.S. Fish and Wildlife Service.  1998.  Klamath River (Iron Gate Dam to Seiad Creek) Life 

Stage Periodicities for Chinook, Coho and Steelhead.  Coastal California Fish and Wildlife 
Office, Arcata, California.  51p. 

 
U.S. Fish and Wildlife Service.  2000.  Impacts of riprapping to ecosystem functioning, lower 

Sacramento River, California.  U.S. Fish and Wildlife Service, Sacramento Field Office, 
Sacramento, California.  Prepared for US Army Corps of Engineers, Sacramento District. 

 
U.S. Fish and Wildlife Service.  2001.  Abundance and seasonal, spatial, and diel distribution 

patterns of juvenile salmonids passing the Red Bluff Diversion Dam, Sacramento River.  
Draft Progress Report for Red Bluff Research Pumping Plant, Vol.14.  Prepared by Philip 
Gaines and Craig Martin for the U.S. Bureau of Reclamation.  Red Bluff, California. 

 
U.S. Fish and Wildlife Service.  2001.  Final restoration plan for the Anadromous Fish 

Restoration Program: A plan to increase natural production of anadromous fish in the Central 
Valley of California.  Prepared for the Secretary of the Interior by the U.S. Fish and Wildlife 
Services with the assistance of the Anadromous Fish Restoration Program Core Group.  
Stockton, CA. 

 
U.S. Fish and Wildlife Service.  2001a.  Abundance and Survival of Juvenile Chinook Salmon in 

the Sacramento-San Joaquin Estuary: 1997 and 1998. Annual progress report Sacramento-
San Joaquin Estuary.  131 pages. 

 
U.S. Fish and Wildlife Service.  2002.  Spawning areas of green sturgeon Acipenser medirostris 

in the upper Sacramento River California.  U.S. Fish and Wildlife Service, Red Bluff, 
California. 

 
U.S. Fish and Wildlife Service.  2003.  Abundance and survival of juvenile Chinook salmon in 

the Sacramento-San Joaquin Estuary: 1999.  Annual progress report.  68 pages. [fix multiple 
USFWS 2003 citations/references.  This was in the Delta section] 

 
U.S. Fish and Wildlife Service.  2003a.  Effects of the January 1997 flood on flow-habitat 

relationships for steelhead and fall-run Chinook salmon spawning in the lower American 
River.  Available at: http://www.delta.dfg.ca.gov/afrp/documents/Final_Report_Jan_1997_ 

 

 836



U.S. Fish and Wildlife Service.  2003b.  Klamath River Fish Die-Off September 2002:  
Causative Factors of Mortality.  Report number AFWO-01-03.  Arcata Fish and Wildlife 
Office, Arcata, California.  29 p. 

 
U.S. Fish and Wildlife Service.  2006.  Abundance and survival of juvenile Chinook salmon in 

the Sacramento-San Joaquin Estuary: 2000.  Annual progress report.  89 pages. 
 
U.S. Fish and Wildlife Service.  2007.  Central Valley steelhead and late fall-run Chinook 

salmon redd surveys on Clear Creek, California.  Prepared by Sarah Giovannetti and Matt 
Brown, Red Bluff, California.  

 
U.S. Fish and Wildlife Service.  2007a.  Memo from Ken Nichols (USFWS) to Klamath Fish 

Health Distribution List: re. 2007 Klamath River Pathogen Monitoring.  August 14.  4 p. 
 
U.S. Fish and Wildlife Service.  2008.  Steelhead and late-fall Chinook Salmon Redd Surveys on 

Clear Creek, CA.  2008 Annual Report.  Red Bluff Fish and Wildlife Office, Red Bluff, 
California.  December. 

 
U.S. Fish and Wildlife Service.  2008a.  Formal Endangered Species Act Consultation on the 

Proposed Coordinated Operations of the Central Valley Project (CVP) and State Water 
Project (SWP).  Memorandum from Regional Director, Fish and Wildlife Service, Region 8, 
Sacramento, California, to Operation Manager, Bureau of Reclamation, Central Valley 
Operations Office Sacramento, California.  December 15.  310 pages plus 3 attachments. 

 
U.S. Fish and Wildlife Service. 2008b.  Run composition of Chinook salmon at Red Bluff 

Diversion Dam during gates-in operations:  A comparison of phenotypic and genetic 
assignment to run type.  CY 2007 Report, prepared by Abernathy Fish Technology Center, 
Longview, Washington, and in cooperation with Michael Banks, Oregon State University. 

 
U.S. Fish and Wildlife Service.  2008d.  Sacramento River Water Reliability Study.  Draft Fish 

and Wildlife Coordination Act Report prepared for US Bureau of Reclamation by USFWS, 
Sacramento, CA.  October 14. 83 pp with Appendices. 

 
U.S. Fish and Wildlife Service.  2008.  Coordination Act Report… 
 
U.S. Fish and Wildlife Service.  2008.  Juvenile salmonid monitoring in Clear Creek, California, 

from July 2002 through September 2003.  Red Bluff Fish and Wildlife Office, Red Bluff, 
California. 75 pages. 

 
U.S. Fish and Wildlife Service.  unpublished data 
 
U.S. Fish and Wildlife Service and U.S. Bureau of Reclamation.  1998.  Supplemental Fish and 

Wildlife Coordination Act Report: Red Bluff Diversion and the Tehama-Colusa Canal. 
Sacramento Fish and Wildlife Office, Sacramento, California.  February 19. 

 

 837



Van Eenennaam, J.P., M.A.H. Webb, X. Deng, S.I. Doroshov, R.B. Mayfield, J.J. Cech, D.C. 
Hillemeier, and T.E. Willson.  2001.  Artificial spawning and larval rearing of Klamath 
River green sturgeon.  Transactions of the American Fisheries Society 130:159-165. 

 
Van Eenennaam, J. P., J. Linares-Casenave, X. Deng, and S. I. Doroshov.  2005.  Effect of 

incubation temperature on green sturgeon embryos, Acipenser medirostris.  
Environmental Biology of Fishes 72:145-154. 

 
Van Eenennaam, J.P., J. Linares, and S.I. Doroshov.  2006.  Reproductive conditions of the 

Klamath River green sturgeon.  Transactions of the American Fisheries Society 135:151-163. 
 
Van Eenennaam, J.P., J. Linares-Casenave, J-B. Muguet, and S.I. Doroshov.  2009.  Induced 

artificial fertilization and egg incubation techniques for green sturgeon.  Revised manuscript 
to North American Journal of Aquaculture. 

 
Van Kirk, R.W. and S.W. Naman.  2008.  Relative effects of climate and water use on base-flow 

trends in the lower Klamath Basin.  Journal of the American Water Resources Association. 
In Press.   

 
VanRheenen, N.T., A.W. Wood, R.N. Palmer, D.P. Lettenmaier.  2004.  Potential implications 

of PCM climate change scenarios for Sacramento-San Joaquin river basin hydrology and 
water resources.  Climate Change 62:257-281. 

 
Varanasi, U. and N. Bartoo.  2008.  Memorandum from Usha Varanasi (NMFS-Northwest 

Fisheries Science Center) and Norm Bartoo (NMFS-Southwest Fisheries Science Center) to 
D. Robert Lohn (NMFS-Northwest Region) and Rodney McInnis (NMFS-Southwest 
Region), RE: Evaluating Causes of Low 2007 Coho and Chinook Salmon Returns.  Febraury 
22.  4 pages. 

 
Vicuna, S., E. P. Maurer, B. Joyce, J. A. Dracup, and D. Purkey.  2007.  The sensitivity of 

California water resources to climate change scenarios.  Journal of the American Water 
Resources Association 43:482-498. 

 
Vigg, S. and C.C. Burley.  1991.  Temperature-Dependent Maximum Daily Consumption of 

Juvenile Salmonids by Northern Squawfish (Ptychocheilus-Oregonensis) from the Columbia 
River.  Canadian Journal of Fisheries and Aquatic Sciences 48: 2491-2498. 

 
Vigg, S., T.P. Poe, L.A. Prendergast, and H.C. Hansel.  1991.  Rates of Consumption of Juvenile 

Salmonids and Alternative Prey Fish by Northern Squawfish, Walleyes, Smallmouth Bass, 
and Channel Catfish in John-Day-Reservoir, Columbia River.  Transactions of the American 
Fisheries Society 120: 421-438. 

 
Vincik, R.F., G.W. Edwards, G.A. Aasen, and R.W. Fujimura. 2003.  Suisun Marsh Salinity 

Control Gates adult salmon passage monitoring, 1998-1999.  Technical Report 
(unpublished, Interagency Ecological Program for the San Francisco Bay/Delta Estuary.  27 
pp. 

 838



 
Vincik.  2004.  Personal communication with Gary Stern, National Marine Fisheries Service.  

May 12. 
 
Vizcaino, P., G.M. Kondolf, D. García de Jalόn, and P. Miller.  No date.  Changes in Channel 

Morphology and Floodplain in Clear Creek, California, in Response to Dam Constructions. 
 
Vogel, D.A.  2000. 
 
Vogel, D.A.  2003. 
 
Vogel, D.A.  2004.  Juvenile Chinook salmon radio-telemetry studies in the northern and central 

Sacramento-San Joaquin Delta, 2002-2003.  Report to the National Fish and Wildlife 
Foundation, Southwest Region.  January.  44 pp. 

 
Vogel, D.A.  2005.  Evaluation of adult sturgeon migration at the Glenn-Colusa Irrigation 

District Gradient Facility on the Sacramento River during 2003.  Natural Resource Scientist, 
Inc.  May 2005.  14 pages. 

 
Vogel, D.A.  2008.  Evaluation of adult sturgeon migration at the Glenn-Colusa Irrigation 

District Gradient Facility on the Sacramento River.  Natural Resource Scientist, Inc.  May 
2008.  33 pages.  [both Vogel 2008 references are for the Delta section.  Need to fix] 

 
Vogel, D.A.  2008a.  Pilot study to evaluate acoustic-tagged juvenile Chinook salmon smolt 

migration in the Northern Sacramento-San Joaquin Delta 2006-2007.  Report prepared for 
the California Department of Water Resources, Bay/Delta Office.  Natural Resource 
Scientists, Inc.  March.  43 pages. 

 
Vogel, D. A. and K. R. Marine.  1991.  Guide to Upper Sacramento River Chinook salmon life 

history.  Prepared for the U.S. Bureau of Reclamation, Central Valley Project.  55 pages. 
 
Vogel, D.A., K.R. Marine, and J.G. Smith.  1988.  Fish passage action program for Red Bluff 

Diversion Dam.  Final report on fishery investigations.  Report No. FR1/FAO-88-19.  U.S. 
Fish and Wildlife Service, Northern Central Valley Fishery Resource Office.  Red Bluff, 
California. 

 
Walters, C.  1997.  Challenges in adaptive management of riparian and coastal ecosystems.  

Conservation Ecology [online]1(2):1.  Available from the Internet.  URL:  
http://www.consecol.org/vol1/iss2/art1/ 

 
Waples, R.S.  1991.  Pacific Salmon, Oncorhynchus spp., and the definition of “species” under 

the Endangered Species Act.  Marine Fisheries Review 53:11-21. 
 
Ward, E.J., E.E. Holmes, and K.C. Balcomb.  In review.  Quantifying the effects of prey 

limitation on killer whale reproduction. 
 

 839



Ward, E., B. Hanson, L. Weitkamp, and M. Ford.  Unpublished report.  Modeling killer whale 
prey size selection based upon available data.  Northwest Fisheries Science Center.  October 
22, 2008. 

 
Ward, P.D., T.R. McReynolds, and C.E. Garman.  2002.  Butte and Big Chico Creeks spring-run 

Chinook salmon, Oncorhynchus tshawytscha life history investigation, 2000-2001.  
California Department of Fish and Game, Inland Fisheries Administrative Report. 

 
Ward, P.D., T.R. McReynolds, and C.E. Garman.  2003.  Butte and Big Chico Creeks spring-run 

Chinook salmon, Oncorhynchus tshawytscha life history investigation, 2001-2002.  
California Department of Fish and Game, Inland Fisheries Administrative Report. 

 
Water Forum.  2004.  Draft Policy Document Lower American River Flow Management 

Standard.  Available at www.waterforum.org. 
 
Water Forum.  2005.  Lower American River State of the River Report.  Available at 

www.waterforum.org. 
 
Water Forum.  2005a.  Impacts on Lower American River Salmonids and Recommendations 

Associated with Folsom Reservoir Operations to Meet Delta Water Quality Objectives and 
Demands (Draft Report).  Prepared by Surface Water Resources, Inc.  January.  Available at 
www.waterforum.org. 

 
Waters, T.F.  1995.  Sediment in streams: sources, biological effects, and control.  American 

Fisheries Society Monograph 7. 
 
Weber, E.D. and K.D. Fausch.  2003.  Interactions between hatchery and wild salmonids in 

streams:  differences in biology and evidence for competition.  Canadian Journal of 
Fisheries and Aquatic Sciences 60:1018-1036. 

 
Wedemeyer, G.A., Saunders, R.L., and Clarke, W.C.  1980.  Environmental-Factors Affecting 

Smoltification and Early Marine Survival of Anadromous Salmonids. Marine Fisheries 
Review 42: 1-14. 

 
Weitkamp, L.  2007.  What Chinook stocks are available to killer whales?  Insights from the 

coded wire tag database.  Oral Presentation, Southern Resident Killer Whales and Fisheries 
Workshop, October 29, 2007.  NOAA Fisheries, Seattle, Washington, Sand Point Office. 

 
Weitkamp, L., and K. Neely.  2002.  Coho salmon (Oncorhynchus kisutch) ocean migration 

patterns: insight from marine coded-wire tag recoveries. Canadian Journal of Fishery and 
Aquatic Sciences. 59:1100-1115. 

 
Wells, B.K. and M.S. Mohr.  2008.  Characterization of 2005-2008 central California ocean 

conditions.  NMFS Southwest Fisheries Science Center, Fisheries Ecology Division.  White 
paper.  November 26.  3 pages. 

 

 840



Wells, B.K., C.B. Grimes, J.C. Field and C.S. Reiss.  2006.  Covariation between the average 
lengths of mature coho (Oncorhynchus kisutch) and Chinook salmon (O. tshawytscha) and 
the ocean environment.  Fish. Oceanogr. 15:1, 67–79. 

 
Wells, B.K., C.B. Grimes, J.G. Sneva, S. McPherson, and J.B. Waldvogel.  2008.  Relationships 

between oceanic conditions and growth of Chinook salmon (Oncorhynchus tshawytscha) 
from California, Washington, and Alaska, USA.  Fisheries Oceanography 17: 101-125.  

 
Wells, B.K., J.C. Field, J.A. Thayer, C.B. Grimes, S.J. Bograd, W.J. Sydeman, F.B. Schwing, 

and R. Hewitt.  2008a.  Untangling the relationships among climate, prey, and top predators 
in an ocean ecosystem.  Marine Ecology Progress Series, 364:15–29. 

 
Werner, I., J. Linares-Casenave, J.P. Van Eenennaam, and S.I. Doroshov.  2007.  The effect of 

temperature stress on development and heat-shock protein expression in larval green 
sturgeon (Acipenser medirostris).  Environmental Biology of Fishes 79:191-200. 

 
Whitmore, C.M., C.E. Warren, and P. Doudoroff.  1960.  Avoidance reactions of salmonid and 

centrarchid fishes to low oxygen concentrations.  Transactions of he American Fisheries 
Society.  89:17-26. 

 
Wiles, G.J.  2004.  Washington State status report for the killer whale.  Washington Department 

of Fish and Wildlife, Olympia, Washington.  
 
Williams, J.G.  2006.  Central Valley salmon: a perspective on Chinook and steelhead in the 

Central Valley of California.  San Francisco Estuary and Watershed Science 4(3): Article 2.  
416 pages.  Available at:  http://repositories.cdlib.org/jmie/sfews/vol4/iss3/art2. 

 
Williams, R., A.W. Trites, and D.E. Bain.  2002a.  Behavioural responses of killer whales 

(Orcinus orca) to whale-watching boats: opportunistic observations and experimental 
approaches.  Journal of Zoology (London) 256:255-270. 

 
Williams, R., D.E. Bain, J.K.B. Ford, and A.W. Trites.  2002b.  Behavioural responses of male 

killer whales to a ‘leapfrogging’ vessel.  Journal of Cetacean Research and Management 
4:305-310. 

 
Williams, R., D. Lusseau, and P.S. Hammond.  2006.  Estimating relative energetic costs of 

human disturbance to killer whales (Orcinus orca).  Biological Conservation 133:301-311. 
 
Williams, R., D.E. Bain, J.C. Smith, and D. Lusseau.  2009.  Effects of vessels on behaviour 

patterns of individual southern resident killer whales (Orcinus orca).  Endangered Species 
Research 6: 199-209. 

 
Wilson, P.H.  2003.  Using population projection matrices to evaluate recovery strategies for 

Snake River spring and summer chinook salmon. Conservation Biology 17: 782-794.  
 

 841

http://repositories.cdlib.org/jmie/sfews/vol4/iss3/art
http://repositories.cdlib.org/jmie/sfews/vol4/iss3/art
http://repositories.cdlib.org/jmie/sfews/vol4/iss3/art


Winship, A.J., and A.W. Trites. 2003. Prey consumption of Steller sea lions (Eumetopias 
jubatus) off Alaska: How much prey do they require? Fishery Bulletin 101(1): 147-167. 

 
Woodbury, D.  2008.  Personal communication with Gary Stern, National Marine Fisheries 

Service.  October 20. 
 
Wright, D.A. and D.J. Phillips.  1988.  Chesapeake and San Francisco Bays: A study in contrasts 

and parallels.  Marine Pollution Bulletin 19 (9): 405-413. 
 
Wurtsbaugh, W.A. and G.E. Davis.  1977.  Effects of Temperature and Ration Level on Growth 

and Food Conversion Efficiency of Salmo-Gairdneri, Richardson.  Journal of Fish Biology 
11: 87-98.  

 
Yates, D., H. Galbraith, D. Purkey, A. Huber-Lee, J. West, S. Herrod-Julius, and B. Joyce.  2008. 

Climate warming, water storage, and Chinook Salmon in California’s Sacramento Valley.  
Climate Change 91:335-350. 

 
Ylitalo, G. M., C. O. Matkin, J. Buzitis, M. M. Krahn, L. L. Jones, T. Rowles, and J. E. Stein. 

2001. Influence of life-history parameters on organochlorine concentrations in free-ranging 
killer whales (Orcinus orca) from Prince William Sound, AK. Science of the Total 
Environment 281:183-203. 

 
Yoshiyama, R. M., E. R. Gerstung, F. W. Fisher, and P. B. Moyle.  1996.  Historical and present 

distribution of Chinook salmon in the Central Valley drainage of California.  Sierra Nevada 
Ecosystem Project: final report to Congress.  In Assessments, commissioned reports, and 
background information, volume 3, pages 309-362.  University of California, Center for 
Water and Wildland Resources, Davis, California.  

 
Yoshiyama, R. M., F. W. Fisher, and P. B. Moyle.  1998.  Historical abundance and decline of 

Chinook salmon in the Central Valley Region of California.  North American Journal of 
Fisheries Management 18:487-521. 

 
Yoshiyama, R.M, E.R. Gerstung, F.W. Fisher, and P.B. Moyle.  2001.  Historical and present 

distribution of Chinook salmon in the Central Valley drainage of California.  In:  Brown, 
R.L., editor.  Contributions to the biology of Central Valley salmonids.  Volume 1.  
California Department of Fish and Game Fish Bulletin 179:71-177. 

 
Young, P.S. and J.J. Cech Jr.  1994.  Optimal exercise conditioning velocity for growth, 

muscular development, and swimming performance in young-of-the-year striped bass 
(Morone saxitalis).  Canadian Journal of Fisheries and Aquatic Sciences 51:1518-1527. 

 
Zaugg, W.S., B.L. Adams, and L.R. McLain.  1972.  Steelhead Migration - Potential 

Temperature Effects As Indicated by Gill Adenosine-Triphosphatase Activities. Science 176: 
415-416. 

 

 842



Zhu, T., M. W. Jenkins, and J. R. Lund.  2005.  Estimated impacts of climate warming on 
California water availability under twelve future climate scenarios.  J. Am. Water Res. 
Assoc. 41: 1027-1038. 

 
Zimmerman, C.E., G.W. Edwards, and K. Perry.  2008.  Maternal origin and migratory history of 

Oncorhynchus mykiss captured in rivers of the Central Valley, California.  Final Report  
prepared for the California Department of Fish and Game.  Contract P0385300.  54 pages. 

 
 
15.1  Federal Register Notices Cited 
 
Volume 55 pages 46515-46523.  November 5, 1990.  National Marine Fisheries Service.  Final 

Rule:  Endangered and Threatened Species; Sacramento River Winter-run Chinook Salmon. 
 
Volume 58 pages 33212-33219.  June 16, 1993.  National Marine Fisheries Service.  Final Rule:  

Designated Critical Habitat; Sacramento River Winter-Run Chinook Salmon. 
 
Volume 59 pages 440-450.  January 4, 1994.  National Marine Fisheries Service.  Final Rule:  

Endangered and Threatened Species; Status of Sacramento River Winter-run Chinook 
Salmon. 

 
Volume 62 pages 24588-24609.  May 6, 1997.  Endangered and Threatened Species:  Threatened 

Status for Southern Oregon/Northern California Coast Evolutionarily Significant Unit (ESU) 
of Coho Salmon 

 
Volume 62 pages 43937-43954.  August 18, 1997.  Endangered and Threatened Species:  Listing 

of Several Evolutionary Significant Units (ESUs) of West Coast Steelhead 
 
Volume 63 pages 13347-13371.  March 19, 1998.  National Marine Fisheries Service.  Final 

Rule:  Endangered and Threatened Species: Threatened Status for Two ESUs of Steelhead in 
Washington, Oregon, and California.  

 
Volume 64 pages 24049-24062.  May 5, 1999.  Designated Critical Habitat:  Central California 

Coast and Southern Oregon/Northern California Coast Coho Salmon. 
 
Volume 64 pages 50394-50415.  September 16, 1999.  National Marine Fisheries Service.  Final 

Rule: Threatened Status for Two Chinook Salmon Evolutionarily Significant Units in 
California.  

 
Volume 65 pages 7764-7787.  February 16, 2000.  Designated Critical Habitat: Critical Habitat 

for 19 Evolutionarily Significant Units of Salmon and Steelhead in Washington, Oregon, 
Idaho, and California 

 
Volume 68 No. 103. May 29, 2003. Regulations Governing Taking and Importing of Marine 

Mammals; Eastern North Pacific Southern Resident Killer Whales. 
 

 843



 844

Volume 69 page 33102-33179.  June 14, 2004.  National Marine Fisheries Service.  Proposed 
rule; request for comments.  Endangered and Threatened Species:  Proposed Listing 
Determinations for 27 ESUs of West Coast Salmonids.   

 
Volume 70 pages 17386-17401.  April 6, 2005.  Endangered and Threatened Wildlife and Plants: 

Proposed Threatened Status for Southern Distinct Population Segment of North American 
Green Sturgeon 

 
Volume 70 pages 37160-37204.  June 28, 2005.  National Marine Fisheries Service.  Final 

Listing Determinations for 16 ESUs of West Coast Salmon, and Final 4(d) Protective 
Regulations for Threatened Salmonid ESUs. 

 
Volume 70 pages 52488-52627.  September 2, 2005.  Endangered and Threatened Species; 

Designation of Critical Habitat for Seven Evolutionarily Significant Units of Pacific Salmon 
and Steelhead in California; Final Rule. 

 
Volume 70 pages 69903-69912.  November 18, 2005.  Endangered and Threatened Wildlife and 

Plants:  Endangered Status for Southern Resident Killer Whales.  Final Rule. 
 
Volume 71 pages 834-862.  January 5, 2006.  Endangered and Threatened Species: Final Listing 

Determinations for 10 Distinct Population Segments of West Coast Steelhead; Final Rule. 
 
Volume 71 pages 17757-17766.  April 7, 2006.  Endangered and Threatened Wildlife and Plants: 

Threatened Status for Southern Distinct Population Segment of North American Green 
Sturgeon. 

 
Volume 71 page 53421.  September 11, 2006.  Endangered and Threatened Species: Recovery 

Plan Preparation for 5 Evolutionarily Significant Units (ESUs) of Pacific Salmon and 5 
Distinct Population Segments (DPSs) of Steelhead Trout.   

 
Volume 73 pages 52084-52110.  September 8, 2008.  Endangered and Threatened Wildlife and 

Plants:  Proposed Rulemaking to Designate Critical Habitat for the Threatened Southern 
Distinct Population Segment of North American Green Sturgeon. 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 

List of Appendices 
 
 
 
 
 
 
Appendix 1:  Project Description 
 
Appendix 2:  Supporting documents for the RPA 
 
Appendix 3:  Fall-run and late fall-run Chinook salmon 

analysis 
 
Appendix 4:  Responses to CALFED peer review 

recommendations 
 
Appendix 5:  Technical memorandum for the San Joaquin 

actions 
 



Appendix 1--Project Description 

The proposed action is the continued operation of the CVP and SWP. The proposed action 
includes the operation of the temporary barriers project in the south Delta and the 500 cfs 
increase in SWP Delta export limit July through September. In addition to current day 
operations, several other actions are included in this consultation. These actions are: (1) an 
intertie between the California Aqueduct (CA) and the Delta-Mendota Canal (DMC), (2) 
Freeport Regional Water Project (FRWP), (3) the operation of permanent gates, which will 
replace the temporary barriers in the South Delta, (4) changes in the operation of the Red Bluff 
Diversion Dam (RBDD), and (5) Alternative Intake Project for CCWD. A detailed summary of 
all operational components and associated modeling assumptions are included in the BA in 
Chapter 9. 
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Table 1  Assumptions for the Base and Future Studies 

  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

  OCAP BA 
2004 Today 
CVPIA 3406 
(b)(2) with 
EWA  

Today-OCAP 
BA 2004 
Assumptions in 
Revised 
CalSim-II Model 
- EWA 

Today-OCAP 
BA 2004 
Assumptions in 
Revised 
CalSim-II Model 
- CVPIA (b)(2) - 
CONV 

Today- 
Existing 
Conditions, 
(b)(2), EWA 

Near Future- 
Existing 
Conditions 
and OCAP 
BA 2004 
Consulted 
Projects, 
(b)(2), 
Limited EWA 

Future  - (b)(2), 
Limited EWA 

Future 
Climate 
Change- 
D1641 

Model 
Revision
s since 
OCAP 
BA 2004 

OCAP Base model: Common Assumptions: Common Model Package (Version 
8D) 

      

"Same" indicates an assumption from a column to the left        
Planning horizon  2001 2005a Same Same Same 2030a Same   

Period of Simulation 73 years 
(1922-1994) 

82 years (1922-
2003) 

Same Same Same Same Same Extended 
hydrolog
y 
timeserie
s 

HYDROLOGY               Inflows are 
modified 
based on 
alternative 
climate inputs 
b 

Revised 
level of 
detail in 
the Yuba 
and 
Colusa 
Basin 
including 
rice 
decompo
sition 
operation
s 

Level of development (Land Use) 2001 Level 2005 level Same Same Same 2030 levelc Same   

          
Sacramento Valley         
(excluding American 
R.) 

                 

 CVP Land-use 
based, limited 
by contract 
amountsd 

Same Same Same Same CVP Land-use 
based, Full build 
out of CVP 
contract 
amountsd 

Same  
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 SWP (FRSA) Land-use 
based, limited 
by contract 
amountse 

Same Same Same Same Same Same   

 Non-project Land-use 
based 

Same Same Same Same Same Same   

 Federal 
refuges  

Firm Level 2 Same Same Recent 
Historical 
Firm Level 2 
water needsf 

Same Firm Level 2 
water needsf 

Same   

American River         
 Water rights 2001g Same Same 2005g Same 2025g Same   

 CVP (PCWA 
American 
River Pump 
Station) 

No project Same Same CVP (PCWA 
modified)g 

Same Same Same   

San Joaquin Riverh        

 Friant Unit Regression of 
Historical 
Demands 

Limited by 
contract 
amounts, based 
on current 
allocation policy 

Same Same Same Same Same 

Develope
d land-
use 
based 
demands
, water 
quality 
calculatio
ns, and 
revised 
accretion
s/depletio
ns in the 
East-
Side San 
Joaquin 
Valley 

 Lower Basin Fixed Annual 
Demands 

Land-use based, 
based on district 
level operations 
and constraints 

Same Same Same Same Same   

 Stanislaus 
River 

New Melones 
Interim 
Operations 
Plan 

Same Same Same Draft 
Transitional 
Operations 
Planr 

Same Same Initial 
storage 
condition
s for New 
Melones 
Reservoir 
were 
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

increase
d. 

South of Delta         
 (CVP/SWP 

project 
facilities) 

CVP Demand 
based on 
contracts 
amountsd 

Same Same Same Same Same Same   

 Contra Costa 
Water District 

124 TAF/yr 
annual 
average 

135 TAF/yr 
annual average 
CVP contract 
supply and water 
rightsi 

Same Same Same 195 TAF/yr 
annual average 
CVP contract 
supply and 
water rightsi 

Same   

 SWP Demand 
- Table A 

Variable 3.1-
4.1 MAF/Yr 

Same Same Variable 3.1-
4.2 MAF/Yr 

e,j 

Same Full Table A Same Revised 
SWP 
delivery 
logic. 
Three 
patterns 
with Art 
56 and 
more 
accuratel
y defined 
Table A / 
Article 21 
split 
modeled 

 SWP Demand 
- North Bay 
Aqueduct 
(Table A) 

48 TAF/Yr Same Same 71 TAF/Yru Same Same Same   

 SWP Demand 
- Article 21 
demand 

Up to 134 
TAF/month 
December to 
March, total of 
other 
demands up 
to 84 
TAF/month in 
all months 

Same Same Up to 314 
TAF/month 
from 
December 
to March, 
total of 
demands up 
to 214 
TAF/month 
in all other 
monthse,jw 

Same Same Same   



 5

  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Federal 
refuges  

Firm Level 2 Same Same Recent 
Historical 
Firm Level 2 
water needsf 

Same Firm Level 2 
water needsf 

Same   

FACILITIES                   
Systemwide   Existing 

facilitiesa 
Same Same Same Same Same Same   

Sacramento Valley         
 Red Bluff 

Diversion Dam 
No diversion 
constraint 

Same Same Diversion 
Dam 
operated 
May 15 - 
Sept 15 
(diversion 
constraint) 

Same Diversion Dam 
operated July - 
August 
(diversion 
constraint) 

Same   

 Colusa Basin  Existing 
conveyance 
and storage 
facilities 

Same Same Same Same Same Same   

 Upper 
American 
River  

No project Same Same PCWA 
American 
River pump 
stationk 

Same Same Same   

 Sacramento 
River Water 
Reliability 

No project Same Same Same Same American/Sacra
mento River 
Diversionst 

Same   

 Lower 
Sacramento 
River 

No project Same Same Same Freeport 
Regional 
Water Project 
(Full Demand)l 

Same Same   

          
Delta Region                  
 SWP Banks 

Pumping Plant  
South Delta 
Improvements 
Program 
Temporary 
Barriers, 
6,680 cfs 
capacity in all 
months and 
an additional 
1/3 of Vernalis 
flow from Dec 
15 through 
Mar 15a 

Same Same Same South Delta 
Improvements 
Program 
Permanent 
Operable 
Gates (Stage 
1).  6,680 cfs 
capacity in all 
months and 
an additional 
1/3 of Vernalis 
flow from Dec 
15 through 

Same Same   
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

Mar 15 a 

 CVP C.W. Bill 
Jones (Tracy) 
Pumping Plant  

4,200 cfs + 
deliveries 
upstream of 
DMC 
constriction 

Same Same Same 4,600 cfs 
capacity in all 
months 
(allowed for 
by the Delta-
Mendota 
Canal–
California 
Aqueduct 
Intertie) 

Same Same   

 City of 
Stockton Delta 
Water Supply 
Project 
(DWSP) 

No project Same Same DWSP WTP 
0 mgd 

Same DWSP WTP 30 
mgd 

Same   

 Contra Costa 
Water District 

Existing pump 
locations 

Same Same Same Same Samem Same   

South of Delta         
(CVP/SWP project 
facilities) 

                 

 South Bay 
Aqueduct 
(SBA) 

Existing 
capacity 300 
cfs 

Same Same SBA 
Rehabilitatio
n: 430 cfs 
capacity 
from 
junction with 
California 
Aqueduct to 
Alameda 
County 
FC&WSD 
Zone 7 
diversion 
point 

Same Same Same   

REGULATORY STANDARDS                 
Trinity River          
 Minimum flow 

below 
Lewiston Dam 

Trinity EIS 
Preferred 
Alternative 
(369-815 
TAF/year) 

Same Same Same Same Same Same   
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Trinity 
Reservoir end-
of-September 
minimum 
storage 

Trinity EIS 
Preferred 
Alternative 
(600 TAF as 
able) 

Same Same Same Same Same Same   

Clear Creek          
 Minimum flow 

below 
Whiskeytown 
Dam 

Downstream 
water rights, 
1963 USBR 
Proposal to 
USFWS and 
NPS, and 
USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

Upper Sacramento River         
 Shasta Lake NMFS 2004 

BiOp: 1.9 
MAF end of 
Sep. storage 
target in non-
critical years 

Same Same Same Same Same Same   

 Minimum flow 
below Keswick 
Dam 

Flows for 
SWRCB WR 
90-5 
temperature 
control, and 
USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

Feather River         
 Minimum flow 

below 
Thermalito 
Diversion Dam 

1983 DWR, 
DFG 
Agreement 
(600 cfs) 

Same Same  Same  2006 
Settlement 
Agreement 
(700 / 800 cfs) 

Same Same   

 Minimum flow 
below 
Thermalito 
Afterbay outlet 

1983 DWR, 
DFG 
Agreement 
(750-1,700 
cfs) 

Same Same Same Same Same Same   

Yuba River          
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Minimum flow 
below 
Daguerre 
Point Dam 

Available 
Yuba River 
Datap 

D-1644 Interim 
Operationsp 

Same Yuba 
Accord 
Adjusted 
Datap 

Same Same Same   

American River         
 Minimum flow 

below Nimbus 
Dam 

SWRCB D-
893 (see 
Operations 
Criteria), and 
USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same (b)(2) 
Minimum 
Instream 
Flow 
managemen
ts 

Same American River 
Flow 
Management s 

Same   

 Minimum Flow 
at H Street 
Bridge 

SWRCB D-
893 

Same Same Same Same Same Same   

Lower Sacramento River         
 Minimum flow 

near Rio Vista  
SWRCB D-
1641 

Same Same Same Same Same Same   

Mokelumne River         
 Minimum flow 

below 
Camanche 
Dam 

FERC 2916-
029, 1996 
(Joint 
Settlement 
Agreement) 
(100-325 cfs) 

Same Same Same Same Same Same   

 Minimum flow 
below 
Woodbridge 
Diversion Dam 

FERC 2916-
029, 1996 
(Joint 
Settlement 
Agreement) 
(25-300 cfs) 

Same Same Same Same Same Same   

Stanislaus River         
 Minimum flow 

below 
Goodwin Dam 

1987 USBR, 
DFG 
agreement, 
and USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

 Minimum 
dissolved 
oxygen  

SWRCB D-
1422 

Same Same Same Same Same Same   

Merced River          
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Minimum flow 
below 
Crocker-
Huffman 
Diversion Dam 

Davis-
Grunsky (180-
220 cfs, Nov-
Mar), Cowell 
Agreement 

Same Same Same Same Same Same   

 Minimum flow 
at Shaffer 
Bridge 

FERC 2179 
(25-100 cfs) 

Same Same Same Same Same Same   

Tuolumne River         
 Minimum flow 

at Lagrange 
Bridge 

FERC 2299-
024, 1995 
(Settlement 
Agreement) 
(94-301 
TAF/year) 

Same Same Same Same Same Same   

San Joaquin River         
 Maximum 

salinity near 
Vernalis 

SWRCB D-
1641 

Same Same Same Same Same Same   

 Minimum flow 
near Vernalis  

SWRCB D-
1641, and 
Vernalis 
Adaptive 
Management 
Plan per San 
Joaquin River 
Agreement 

Same Same Same Same Same Same   

Sacramento River–San         
Joaquin River Delta         
 Delta Outflow 

Index (Flow 
and Salinity) 

SWRCB D-
1641 

Same Same Same Same Same Same Revised 
Delta 
ANN 
(salinity 
estimatio
n)v 

 Delta Cross 
Channel gate 
operation 

SWRCB D-
1641 

Same Same Same Same Same Same   

 Delta exports  SWRCB D-
1641, USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

OPERATIONS CRITERIA: RIVER-SPECIFIC               
Upper Sacramento River         
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Flow objective 
for navigation 
(Wilkins 
Slough) 

3,250 - 5,000 
cfs based on 
CVP water 
supply 
condition 

Same Same Same Same Same Same   

American River         
 Folsom Dam 

flood control  
Variable 
400/670 flood 
control 
diagram 
(without outlet 
modifications) 

Same Same Same Same Same Same   

 Flow below 
Nimbus Dam  

Discretionary 
operations 
criteria 
corresponding 
to SWRCB D-
893 required 
minimum flow 

Same Same (b)(2) 
Minimum 
Instream 
Flow 
managemen
ts 

Same American River 
Flow 
Management s 

Same   

 Sacramento 
Area Water 
Forum 
"Replacement
" Water 

"Replacement
" water is not 
implemented 

Same Same Same Same Same Same   

Stanislaus River         
 Flow below 

Goodwin Dam  
1997 New 
Melones 
Interim 
Operations 
Plan 

Same Same Same Draft 
Transitional 
Operations 
Planr 

Same Same   

San Joaquin River         
 Flow at 

Vernalis  
 
 
 

D1641 Same Same Same Same Sameq Same   

OPERATIONS CRITERIA: SYSTEMWIDE               

CVP water allocation         
 CVP 

Settlement 
and Exchange 

100% (75% in 
Shasta critical 
years) 

Same Same Same Same Same Same   

 CVP refuges  100% (75% in 
Shasta critical 
years) 

Same Same Same Same Same Same   
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 CVP 
agriculture  

100%-0% 
based on 
supply (South-
of-Delta 
allocations are 
reduced due 
to D-1641 and 
3406(b)(2) 
allocation-
related export 
restrictions) 

Same Same Same Same Same Same   

 CVP municipal 
& industrial  

100%-50% 
based on 
supply (South-
of-Delta 
allocations are 
reduced due 
to D-1641 and 
3406(b)(2) 
allocation-
related export 
restrictions) 

Same Same Same Same Same Same   

SWP water allocation         
 North of Delta 

(FRSA)  
Contract 
specific 

Same Same Same Same Same Same   

 South of Delta 
(including 
North Bay 
Aqueduct) 

Based on 
supply; equal 
prioritization 
between Ag 
and M&I 
based on 
Monterey 
Agreement 

Same Same Same Same Same Same   

CVP-SWP coordinated operations         
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Sharing of 
responsibility 
for in-basin-
use 

1986 
Coordinated 
Operations 
Agreement 
(FRWP 
EBMUD and 
2/3 of the 
North Bay 
Aqueduct 
diversions are 
considered as 
Delta Export, 
1/3 of the 
North Bay 
Aqueduct 
diversion is 
considered as 
in-basin-use) 

Same Same Same Same Same Same   

 Sharing of 
surplus flows  

1986 
Coordinated 
Operations 
Agreement 

Same Same Same Same Same Same   

 Sharing of 
Export/Inflow 
Ratio 

Equal sharing 
of export 
capacity 
under 
SWRCB D-
1641; use of 
CVPIA 
3406(b)(2) 
restricts only 
CVP and/or 
SWP exports 

Same Same Same Same Same Same   

 Sharing of 
export 
capacity for 
lesser priority 
and wheeling 
related 
pumping 

Cross Valley 
Canal 
wheeling (max 
of 128 
TAF/year), 
CALFED ROD 
defined Joint 
Point of 
Diversion 
(JPOD) 

Same Same Same Same Same Same   

Study assumptions from above apply   Study 6a Study 7a Study 7a Study 7.1a Study 8a NA   

CVPIA 3406(b)(2):  Per May 2003 Dept. of Interior        
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

Decision 

 Allocation  800 TAF, 700 
TAF in 40-30-
30 dry years, 
and 600 TAF 
in 40-30-30 
critical yearsn 

Same Same Same Same Same NA  

Study assumptions from above apply   Study 6b Study 7b Study 7b Study 7.1b Study 8b NA   

CALFED Environmental Water Account / Limited Environmental Water 
Account 

      

 Actions  Dec-Feb 
reduce total 
exports by 50 
TAF/mon 
relative to 
total exports 
without EWA; 
VAMP (Apr 15 
- May 16) 
export 
restriction on 
SWP; Post 
(May 16-31) 
VAMP export 
restriction on 
SWP and 
potentially on 
CVP if B2 
Post-VAMP 
action is not 
taken; 
Ramping of 
exports (Jun) 

Dec/Jan 50 
TAF/mon export 
reduction, Feb 
50 TAF export 
reduction in 
Wet/AN years, 
Feb/Mar 100, 75, 
or 50 TAF 
reduction 
dependent on 
species habitat 
conditions; 
VAMP (Apr 15 - 
May 16) export 
restriction on 
SWP; Pre (Apr 
1-14) VAMP 
export reduction 
in Dry/Crit years; 
Post (May 16-
31) export 
restriction; June 
ramping 
restriction if 
PostVAMP 
action was done.  
Pre- and Post- 
VAMP and June 
actions done if 
foreseeable 
October debt at 
San Luis does 
not exceed 150 
TAF.   

NA Same VAMP (Apr 15 
- May 16) 31-
day export 
restriction on 
SWP; If stored 
assets and 
purchases 
from the Yuba 
are sufficient, 
Post (May 16-
31) VAMP 
export 
restrictions 
apply to 
SWPpq 

Same NA The EWA 
actions, 
assets, 
and debt 
were 
revised 
and 
vetted as 
part of 
the Long 
Term 
Environm
ental 
Water 
Account 
EIS/R 
project 
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Assets  Fixed Water 
Purchases 
250 TAF/yr, 
230 TAF/yr in 
40-30-30 dry 
years, 210 
TAF/yr in 40-
30-30 critical 
years.  The 
purchases 
range from 0 
TAF in Wet 
years to 
approximately 
153 TAF in 
Critical years 
NOD, and 57 
TAF in Critical 
years to 250 
TAF in Wet 
years SOD.  
Variable 
assets include 
the following: 
use of 50% of 
any CVPIA 
3406(b)(2) 
releases 
pumped by 
SWP, flexing 
of Delta E/I 
Ratio (post-
processed 
from CalSim-II 
results), 
additional 500 
CFS pumping 
capacity at 
Banks in Jul-
Sep 

Fixed Water 
Purchases 250 
TAF/yr, 230 
TAF/yr in 40-30-
30 dry years, 
210 TAF/yr in 
40-30-30 critical 
years.  NOD 
share of annual 
purchase target 
ranges from 90% 
to 50% based on 
SWP Ag 
Allocation as an 
indicator of 
conveyance 
capacity.  
Variable/operatio
nal assets 
include use of 
50% of any 
CVPIA 
3406(b)(2) 
releases 
pumped by 
SWP, additional 
500 CFS 
pumping 
capacity at 
Banks in Jul-
Sep, source 
shifting, 
Semitropic 
Groundwater 
Bank, “spill” of 
San Luis 
carryover debt, 
and backed-up 
stored water 
from Spring 
EWA actions.   

NA Same Purchase of 
Yuba River 
stored water 
under the 
Lower Yuba 
River Accord 
(average of 48 
TAF/yr), use 
of 50% of any 
CVPIA 3406 
(b)(2) 
releases 
pumped by 
SWP, 
additional 500 
CFS pumping 
capactiy at 
Banks in Jul-
Sep. 

Same NA   
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Debt  Delivery debt 
paid back in 
full upon 
assessment; 
Storage debt 
paid back 
over time 
based on 
asset/action 
priorities; 
SOD and 
NOD debt 
carryover is 
explicitly 
managed or 
spilled; NOD 
debt carryover 
must be 
spilled; SOD 
and NOD 
asset 
carryover is 
allowed 

Same NA Same No Carryover 
Debt 

Same NA   

                    
Post Processing Assumptions         
WATER MANAGEMENT ACTIONS (CALFED)               
Water Transfers         
 Water 

transfers  
Acquisitions 
by SWP 
contractors 
are wheeled 
at priority in 
Banks 
Pumping 
Plant over 
non-SWP 
users 

Same NA Same Same Same NA   

 Phase 8o  Evaluate 
available 
capacity 

Same NA Same Same Same     

 Refuge Level 
4 water  

Evaluate 
available 
capacity 

Same NA Same Same Same     

 Notes:         
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

  a The OCAP BA project description is presented in Chapter 2.   

  bClimate change sensitivity analysis assumptions and documentation are presented in Appendix R.   

  c The Sacramento Valley hydrology used in the CALSIM II model reflects 2020 land-use assumptions 
associated with Bulletin 160-98. The San Joaquin Valley hydrology reflects draft 2030 land-use assumptions 
developed by Reclamation. Development of 2030 land-use assumptions are being coordinated with the 
California Water Plan Update for future models.  

  

  d CVP contract amounts have been reviewed and updated according to existing and amended contracts as 
appropriate. Assumptions regarding CVP agricultural and M&I service contracts and Settlement Contract 
amounts are documented in Table 3A (North of Delta) and 5A (South of Delta) of Appendix D: Delivery 
Specifications section of the Technical Appendix. 

  

  e SWP contract amounts have been reviewed and updated as appropriate. Assumptions regarding SWP 
agricultural and M&I contract amounts are documented in Table 1A (North of Delta) and Table 2A (South of 
Delta) of Appendix D: Delivery Specifications section. 

  

  f Water needs for federal refuges have been reviewed and updated as appropriate. Assumptions regarding 
firm Level 2 refuge water needs are documented in Table 3A (North of Delta) and 5A (South of Delta) of 
Appendix D:Delivery Specifications. Incremental Level 4 refuge water needs have been documented as part 
of the assumptions of future water transfers. 

  

  g PCWA demand in the foreseeable existing condition is 8.5 TAF/yr of CVP contract supply diverted at the 
new American River PCWA Pump Station.  In the future scenario, PCWA is allowed 35 TAF/yr.  
Assumptions regarding American River water rights and CVP contracts are documented in Table 5 of 
Appendix D: Delivery Specifications section.  

  

  h The new CalSim-II representation of the San Joaquin River has been included in this model package 
(CalSim-II San Joaquin River Model, Reclamation, 2005). Updates to the San Joaquin River have been 
included since the preliminary model release in August 2005. The model reflects the difficulties of on-going 
groundwater overdraft problems. The 2030 level of development representation of the San Joaquin River 
Basin does not make any attempt to offer solutions to on-going groundwater overdraft problems. In addition, 
a dynamic groundwater simulation is not yet developed for San Joaquin River Valley. Groundwater 
extraction/ recharge and stream-groundwater interaction are static assumptions and may not accurately 
reflect a response to simulated actions. These limitations should be considered in the analysis of results. 

  

  i  Study 6.0 demands for CCWD are assumed equal to Study 7.0 due to data availablity with the revised 
CalSim-II model framework.  For all Studies, Los Vaqueros Reservoir storage capacity is 100 TAF. 
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

  j Table A deliveries into the San Francisco Bay Area Region for existing cases are based on a variable 
demand and a full Table A for future cases.  The variable demand is dependent on the availability of other 
water during wet years resulting in less demand for Table A.  In the future cases it is assumed that the 
demand for full Table A will be independent of other water sources.  Article 21 demand assumes MWD 
demand of 100 TAF/mon (Dec-Mar), Kern demand of 180 TAF/mon (Jan-Dec), and other contractor demand 
of 34 TAF/mon (Jan-Dec). 

  

  k PCWA American River pumping facility upstream of Folsom Lake is under construction.   

  l Mokelumne River flows reflect EBMUD supplies associated with the Freeport Regional Water Project.   

  m The CCWD Alternate Intake Project (AIP), an intake at Victoria Canal, which operates as an alternate Delta 
diversion for Los Vaqueros Reservoir is not included in Study 8.0.  AIP is included as a separate 
consultation.  AIP will be further evaluated after regulatory and operational managment assumptions have 
been determined.   

  

  n The allocation representation in CalSim-II replicates key processes, shortage changes are checked by 
post-processing. 

  

  o This Phase 8 requirement is assumed to be met through Sacramento Valley Water Management 
Agreement Implementation. 

  

  p OCAP BA 2004 modeling used available hydrology at the time which was data developed based on 1965 
Yuba County Water Agency -Department of Fish of Game Agreement.  Since the OCAP BA 2004 modeling, 
Yuba River hydrology was revised.  Interim D-1644 is assumed to be fully implemented with or without the 
implementation of the Lower Yuba River Accord. This is consistent with the future no-action condition being 
assumed by the Lower Yuba River Accord EIS/EIR study team.  For studies with the Lower Yuba River 
Accord, an adjusted hydrology is used. 

  

  q  It is assumed that either VAMP, a functional equivalent, or D-1641 requirements would be in place in 
2030. 

  

  r The Draft Transitional Operations Plan assumptions are discussed in Chapter 2.   

  s For Studies 7.0, 7.1, and 8.0 the flow components of the proposed American River Flow Management are 
included and applied using the CVPIA 3406(b)(2).  For Study 8.0 the American River Flow Management is 
assumed to be the new minimum instream flow. 

  

  t OCAP assumes the flexibility of diversion location but does not assume the Sacramento Area Water Forum 
Water Forum "replacement water" in drier water year types. 

  

  u Aqueduct improvements that would allow an increase in South Bay Aqueduct demand at the time of model 
development were expected to be operational within 6 months.  However, a delay in the construction has 
postponed the completion.  

  

  VThe Artificial Neural Network (ANN) was updated for both salinity and X2 calculations.  Study 3a does not 
include an updated ANN, Study 6.1 has an updated salinity but not X2, and all remaining Studies include 
both the updated salinity and X2. 

  

  w North Bay Article 21 deliveries are dependent on excess conditions rather than being dependent on San 
Luis storage. 

  

 



 

 
Figure 1  Map of California CVP and SWP Service Areas 
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Coordinated Operations of the CVP and SWP 
Coordinated Operations Agreement  

The CVP and SWP use a common water supply in the Central Valley of California. The DWR 
and Reclamation (collectively referred to as Project Agencies) have built water conservation and 
water delivery facilities in the Central Valley in order to deliver water supplies to affected water 
rights holders as well as project contractors. The Project Agencies’ water rights are conditioned 
by the SWRCB to protect the beneficial uses of water within each respective project and jointly 
for the protection of beneficial uses in the Sacramento Valley and the Sacramento-San Joaquin 
Delta Estuary. The Project Agencies coordinate and operate the CVP and SWP to meet the joint 
water right requirements in the Delta. 

The Coordinated Operations Agreement (COA), signed in 1986, defines the project facilities and 
their water supplies, sets forth procedures for coordination of operations, identifies formulas for 
sharing joint responsibilities for meeting Delta standards, as the standards existed in SWRCB 
Decision 1485 (D-1485), and other legal uses of water, identifies how unstored flow will be 
shared, sets up a framework for exchange of water and services between the Projects, and 
provides for periodic review of the agreement. 

Implementing the COA 
Obligations for In-Basin Uses 

In-basin uses are defined in the COA as legal uses of water in the Sacramento Basin, including 
the water required under the SWRCB D-1485 Delta standards (D-1485 ordered the CVP and 
SWP to guarantee certain conditions for water quality protection for agricultural, municipal and 
industrial [M&I], and fish and wildlife use). Each Project is obligated to ensure water is available 
for these uses, but the degree of obligation is dependent on several factors and changes 
throughout the year, as described below.  

Balanced water conditions are defined in the COA as periods when it is mutually agreed that 
releases from upstream reservoirs plus unregulated flows approximately equals the water supply 
needed to meet Sacramento Valley in-basin uses plus exports. Excess water conditions are 
periods when it is mutually agreed that releases from upstream reservoirs plus unregulated flow 
exceed Sacramento Valley in-basin uses plus exports. Reclamation’s Central Valley Operations 
Office (CVOO) and DWR’s SWP Operations Control Office jointly decide when balanced or 
excess water conditions exist. 

During excess water conditions, sufficient water is available to meet all beneficial needs, and the 
CVP and SWP are not required to supplement the supply with water from reservoir storage. 
Under Article 6(g) of the COA, Reclamation and DWR have the responsibility (during excess 
water conditions) to store and export as much water as possible, within physical, legal and 
contractual limits. In excess water conditions, water accounting is not required. However, during 
balanced water conditions, the Projects share the responsibility in meeting in-basin uses.  

When water must be withdrawn from reservoir storage to meet in-basin uses, 75 percent of the 
responsibility is borne by the CVP and 25 percent is borne by the SWP1. When unstored water is 

                                                 
1 These percentages were derived from negotiations between Reclamation and DWR for SWRCB D-1485 standards 



available for export (i.e., Delta exports exceed storage withdrawals while balanced water 
conditions exist), the sum of CVP stored water, SWP stored water, and the unstored water for 
export is allocated 55/45 to the CVP and SWP, respectively. 

Accounting and Coordination of Operations 

Reclamation and DWR coordinate on a daily basis to determine target Delta outflow for water 
quality, reservoir release levels necessary to meet in-basin demands, schedules for joint use of 
the San Luis Unit facilities, and for the use of each other’s facilities for pumping and wheeling. 

During balanced water conditions, daily water accounting is maintained of the CVP and SWP 
obligations. This accounting allows for flexibility in operations and avoids the necessity of daily 
changes in reservoir releases that originate several days travel time from the Delta. It also means 
adjustments can be made “after the fact” using actual data rather than by prediction for the 
variables of reservoir inflow, storage withdrawals, and in-basin uses. 

The accounting language of the COA provides the mechanism for determining the responsibility 
of each project for Delta outflow influnced standards; however, real time operations dictate 
actions. For example, conditions in the Delta can change rapidly. Weather conditions combined 
with tidal action can quickly affect Delta salinity conditions, and therefore, the Delta outflow 
required to manitain joint standards. If, in this circumstance, it is decided the reasonable course 
of action is to increase upstream reservoir releases, then the response will likely be to increase 
Folsom releases first. Lake Oroville water releases require about three days to reach the Delta, 
while water released from Lake Shasta requires five days to travel from Keswick to the Delta. As 
water from the other reservoirs arrives in the Delta, Folsom releases can be adjusted downward. 
Any imbalance in meeting each project’s designed shared obligation would be captured by the 
COA accounting. 

Reservoir release changes are one means of adjusting to changing in-basin conditions. Increasing 
or decreasing project exports can also immediately achieve changes to Delta outflow. As with 
changes in reservoir releases, imbalances in meeting each project’s designed shared obligations 
are captured by the COA accounting.  

During periods of balanced water conditions, when real-time operations dictate project actions, 
an accounting procedure tracks the designed sharing water obligations of the CVP and SWP. The 
Projects produce daily and accumulated accounting balances. The account represents the 
imbalance resulting from actual coordinated operations compared to the COA-designed sharing 
of obligations and supply. The project that is “owed” water (i.e., the project that provided more 
or exported less than its COA-defined share) may request the other project adjust its operations 
to reduce or eliminate the accumulated account within a reasonable time.  

The duration of balanced water conditions varies from year to year. Some very wet years have 
had no periods of balanced conditions, while very dry years may have had long continuous 
periods of balanced conditions, and still other years may have had several periods of balanced 
conditions interspersed with excess water conditions. Account balances continue from one 
balanced water condition through the excess water condition and into the next balanced water 
condition. When the project that is owed water enters into flood control operations, at Shasta or 
Oroville, the accounting is zeroed out for that respective project. The BA provides a detailed 
description of the changes in the coordinated Operation Agreement. 

 20



State Water Resources Control Board Water Rights 

1995 Water Quality Control Plan 
The SWRCB adopted the 1995 Bay-Delta Water Quality Control Plan (WQCP) on May 22, 
1995, which became the basis of SWRCB Decision-1641. The SWRCB continues to hold 
workshop and receive information regarding processes on specific areas of the 1995 WQCP. The 
SWRCB amended the WQCP in 2006, but to date, the SWRCB has made no significant change 
to the 1995 WQCP framework. 

Decision 1641 
The SWRCB imposes a myriad of constraints upon the operations of the CVP and SWP in the 
Delta. With Water Rights Decision 1641, the SWRCB implements the objectives set forth in the 
SWRCB 1995 Bay-Delta WQCP and imposes flow and water quality objectives upon the 
Projects to assure protection of beneficial uses in the Delta. The SWRCB also grants conditional 
changes to points of diversion for each project with D-1641.  

The various flow objectives and export restraints are designed to protect fisheries. These 
objectives include specific outflow requirements throughout the year, specific export restraints in 
the spring, and export limits based on a percentage of estuary inflow throughout the year. The 
water quality objectives are designed to protect agricultural, municipal and industrial, and fishery 
uses, and they vary throughout the year and by the wetness of the year. 

Figure 2 and Figure 3 summarize the flow and quality objectives in the Delta and Suisun Marsh 
for the Projects from D-1641. These objectives will remain in place until such time that the 
SWRCB revisits them per petition or as a consequence to revisions to the SWRCB Water 
Quality Plan for the Bay-Delta (which is to be revisited periodically.) 

On December 29, 1999, SWRCB adopted and then revised (on March 15, 2000) Decision 1641, 
amending certain terms and conditions of the water rights of the SWP and CVP. Decision 1641 
substituted certain objectives adopted in the 1995 Bay-Delta Plan for water quality objectives 
that had to be met under the water rights of the SWP and CVP. In effect, D-1641 obligates the 
SWP and CVP to comply with the objectives in the 1995 Bay-Delta Plan. The requirements in 
D-1641 address the standards for fish and wildlife protection, M&I water quality, agricultural 
water quality, and Suisun Marsh salinity. SWRCB D-1641 also authorizes SWP and CVP to 
jointly use each other’s points of diversion in the southern Delta, with conditional limitations and 
required response coordination plans. SWRCB D-1641 modified the Vernalis salinity standard 
under SWRCB Decision 1422 to the corresponding Vernalis salinity objective in the 1995 Bay-
Delta Plan. The criteria imposed upon the CVP and SWP are summarized in Figure 2 (Summary 
Bay-Delta Standards), Figure 3 (Footnotes for Summary Bay-Delta Standards), and Figure 4 
(CVP/SWP Map). 
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Figure 2  Summary Bay Delta Standards (See Footnotes below) 
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(Footnotes continued on next page) 
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Figure 3  Footnotes for Summary Bay Delta Standards 
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Figure 4  CVP/SWP Delta Map 
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Joint Points of Diversion 
SWRCB D-1641 granted Reclamation and DWR the ability to use/exchange each Project’s 
diversion capacity capabilities to enhance the beneficial uses of both Projects. The SWRCB 
conditioned the use of Joint Point of Diversion (JPOD) capabilities based on a staged 
implementation and conditional requirements for each stage of implementation. The stages of 
JPOD in SWRCB D-1641 are: 

• Stage 1 – for water service to Cross Valley Canal contractors, Tracy Veterans Cemetery 
and Musco Olive, and to recover export reductions taken to benefit fish. 

• Stage 2 – for any purpose authorized under the current project water right permits. 

• Stage 3 – for any purpose authorized up to the physical capacity of the diversion 
facilities. Stage 3 is not part of the project description. 

Each stage of JPOD has regulatory terms and conditions which must be satisfied in order to 
implement JPOD. 

All stages require a response plan to ensure water levels in the southern Delta will not be 
lowered to the injury of local riparian water users (Water Level Response Plan). All stages 
require a response plan to ensure the water quality in the southern and central Delta will not be 
significantly degraded through operations of the JPOD to the injury of water users in the 
southern and central Delta. 

All JPOD diversion under excess conditions in the Delta is junior to Water District (CCWD) 
water right permits for the Los Vaqueros Project, and must have an X2 location west of certain 
compliance locations consistent with the 1993 Los Vaqueros Biological Opinion (BO) for delta 
smelt. 

Stage 2 has an additional requirement to complete an operations plan that will protect fish and 
wildlife and other legal users of water. This is commonly known as the Fisheries Response Plan. 
A Fisheries Response Plan was approved by the SWRCB in February 2007, but as it relied on the 
2004 and 2005 Biological Opinions, the Fisheries Response Plan will need to be revised and re-
submitted to the SWRCB as a future date. 

Stage 3 has an additional requirement to protect water levels in the southern Delta under the 
operational conditions of Phase II of the South Delta Improvements Program, along with an 
updated companion Fisheries Response Plan. 

Reclamation and DWR intend to apply all response plan criteria consistently for JPOD uses as 
well as water transfer uses. 

In general, JPOD capabilities will be used to accomplish four basic CVP-SWP objectives: 

• When wintertime excess pumping capacity becomes available during Delta excess 
conditions and total CVP-SWP San Luis storage is not projected to fill before the spring 
pulse flow period, the project with the deficit in San Luis storage may elect to use JPOD 
capabilities. Concurrently, under the CALFED ROD, JPOD may be used to create 
additional water supplies for the EWA or reduce debt for previous EWA actions. 

• When summertime pumping capacity is available at Banks Pumping Plant and CVP 
reservoir conditions can support additional releases, the CVP may elect to use JPOD 
capabilities to enhance annual CVP south of Delta water supplies.  
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• When summertime pumping capacity is available at Banks or Jones Pumping Plant to 
facilitate water transfers, JPOD may be used to further facilitate the water transfer. 

• During certain coordinated CVP-SWP operation scenarios for fishery entrainment 
management, JPOD may be used to shift CVP-SWP exports to the facility with the least 
fishery entrainment impact while minimizing export at the facility with the most fishery 
entrainment impact. 

Revised WQCP (2006) 
The SWRCB undertook a proceeding under its water quality authority to amend the Water 
Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay-
Delta Plan) adopted in 1978 and amended in 1991 and in 1995. Prior to commencing this 
proceeding, the SWRCB conducted a series of workshops in 2004 and 2005 to receive 
information on specific topics addressed in the Bay-Delta Plan.  

The SWRCB adopted a revised Bay-Delta Plan on December 13, 2006. There were no changes 
to the Beneficial Uses from the 1995 Plan to the 2006 Plan, nor were any new water quality 
objectives adopted in the 2006 Plan. A number of changes were made simply for readability. 
Consistency changes were also made to assure that sections of the Plan reflected the current 
physical condition or current regulation. The SWRCB continues to hold workshops and receive 
information regarding Pelagic Organism Decline (POD), Climate Change, and San Joaquin 
salinity and flows, and will coordinate updates of the Bay-Delta Plan with on-going development 
of the comprehensive Salinity Management Plan. 

Real Time Decision-Making to Assist Fishery 
Management 
Introduction 

Real time decision-making to assist fishery management is a process that promotes flexible 
decision making that can be adjusted in the face of uncertainties as outcomes from management 
actions and other events become better understood. For the proposed action high uncertainty 
exists for how to best manage water operations while protecting listed species. Sources of 
uncertainty relative to the proposed action include: 

• Hydrologic conditions 

• Ocean conditions 

• Listed species biology 

Under the proposed action the goals for real time decision-making to assist fishery management 
are: 

• Meet contractual obligations for water delivery 

• Minimize adverse effects for listed species 

Framework for Actions 

Reclamation and DWR work closely with the Service, NMFS, and DFG to coordinate the 
operation of the CVP and SWP with fishery needs. This coordination is facilitated through 
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several forums in a cooperative management process that allows for modifying operations based 
on real-time data that includes current fish surveys, flow and temperature information, and 
salvage or loss at the project facilities, (hereinafter “triggering event”). 

Water Operations Management Team 

The Water Operations Management Team (WOMT) is comprised of representatives from 
Reclamation, DWR,the Service, NMFS, and DFG. This management-level team was established 
to facilitate timely decision-support and decision-making at the appropriate level. The WOMT 
first met in 1999, and will continue to meet to make management decisions as part of the 
proposed project. Routinely, it also uses the CALFED Ops Group to communicate with 
stakeholders about its decisions. Although the goal of WOMT is to achieve consensus on 
decisions, the participating agencies retain their authorized roles and responsibilities. 

Process for Real Time Decision- Making to Assist Fishery 
Management 

Decisions regarding CVP and SWP operations to avoid and minimize adverse effects on listed 
species must consider factors that include public health, safety, and water supply reliability. To 
facilitate such decisions, the Project Agencies and the Service, NMFS, and DFG have developed 
and refined a set of processes for various fish species to collect data, disseminate information, 
develop recommendations, make decisions, and provide transparency. This process consists of 
three types of groups that meet on a recurring basis. Management teams are made up of 
management staff from Reclamation, DWR, and the fishery agencies. Information teams are 
teams whose role is to disseminate and coordinate information among agencies and stakeholders. 
Fisheries and Operations technical teams are made up of technical staff from state and Federal 
agencies. These teams review the most up-to-date data and information on fish status and Delta 
conditions, and develop recommendations that fishery agencies’ management can use in 
identifying actions to protect listed species.  

The process to identify actions for protection of listed species varies to some degree among 
species but follows this general outline:  A Fisheries or Operations Technical Team compiles and 
assesses current information regarding species, such as stages of reproductive development, 
geographic distribution, relative abundance, physical habitat conditions, then provides a 
recommendation to the agency with statutory obligation to enforce protection of the species in 
question. The agency’s staff and management will review the recommendation and use it as a 
basis for developing, in cooperation with Reclamation and DWR, a modification of water 
operations that will minimize adverse effects to listed species by the Projects. If the Project 
Agencies do not agree with the action, then the fishery agency with the statutory authority will 
make a final decision on an action that they deem necessary to protect the species. In the event it 
is not possible to refine the proposed action in order that it does not violate section 7(a)(2) of the 
ESA, the Project and fisheries agencies will reinitiate consultation.  

The outcomes of protective actions that are implemented will be monitored and documented, and 
this information will inform future recommended actions. 
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Groups Involved in Real Time Decision-Making to Assist Fishery 
Management and Information Sharing  

Information Teams 
CALFED Ops and Subgroups 

The CALFED Ops Group consists of the Project agencies, the fishery agencies, SWRCB staff, 
and the U.S. Environmental Protection Agency (EPA). The CALFED Ops Group generally 
meets eleven times a year in a public setting so that the agencies can inform each other and 
stakeholders about current the operations of the CVP and SWP, implementation of the CVPIA 
and State and Federal endangered species acts, and additional actions to contribute to the 
conservation and protection of State- and Federally-listed species. The CALFED Ops Group held 
its first public meeting in January 1995, and during the next six years the group developed and 
refined its process. The CALFED Ops Group has been recognized within SWRCB D-1641, and 
elsewhere, as one forum for coordination on decisions to exercise certain flexibility that has been 
incorporated into the Delta standards for protection of beneficial uses (e.g., E/I ratios, and some 
DCC Closures). Several teams were established through the Ops Group process. These teams are 
described below: 

Data Assessment Team (DAT) 

The DAT consists of technical staff members from the Project and fishery agencies as well as 
stakeholders. The DAT meets frequently2 during the fall, winter, and spring. The purpose of the 
meetings is to coordinate and disseminate information and data among agencies and stakeholders 
that is related to water project operations, hydrology, and fish surveys in the Delta.  

Integrated Water Operations and Fisheries Forum 

The Integrated Water Operations and Fisheries Forum (IWOFF) provides the forum for 
executives and managers of Reclamation, DWR, DFG, the Service, NMFS, USEPA and the 
SWRCB to meet and discuss current and proposed project planning, permitting, funding, and 
Endangered Species Act compliance, which affect the workloads and activities of these 
organizations. IWOFF provides a forum for elevation of these matters if staff is unable to reach 
resolution on process/procedures requiring interagency coordination. IWOFF may also elevate 
such decisions up to the Director level at their discretion. 

B2 Interagency Team (B2IT) 

The B2IT was established in 1999 and consists of technical staff members from the Project 
agencies. The B2IT meets weekly to discuss implementation of section 3406 (b)(2) of the 
CVPIA, which defines the dedication of CVP water supply for environmental purposes. It 
communicates with WOMT to ensure coordination with the other operational programs or 
resource-related aspects of project operations, including flow and temperature issues. 

Technical Teams 
Fisheries Technical Teams  
Several fisheries specific teams have been established to provide guidance and recommendations 
on resource management issues. These teams include: 

                                                 
2 The DAT holds weekly conference calls and may have additional discussions during other times as needed.  



The Sacramento River Temperature Task Group (SRTTG) 
The SRTTG is a multiagency group formed pursuant to SWRCB Water Rights Orders 90-5 and 
91-1, to assist with improving and stabilizing Chinook population in the Sacramento River. 
Annually, Reclamation develops temperature operation plans for the Shasta and Trinity divisions 
of the CVP. These plans consider impacts on winter-run and other races of Chinook salmon, and 
associated project operations. The SRTTG meets initially in the spring to discuss biological, 
hydrologic, and operational information, objectives, and alternative operations plans for 
temperature control. Once the SRTTG has recommended an operation plan for temperature 
control, Reclamation then submits a report to the SWRCB, generally on or before June 1st each 
year. 

After implementation of the operation plan, the SRTTG may perform additional studies and 
commonly holds meetings as needed typically monthly through the summer and into fall. To 
develop revisions based on updated biological data, reservoir temperature profiles and operations 
data. Updated plans may be needed for summer operations protecting winter-run, or in fall for 
fall-run spawning season. If there are any changes in the plan, Reclamation submits a 
supplemental report to SWRCB. 

Smelt Working Group (SWG) 
The SWG evaluates biological and technical issues regarding delta smelt and develops 
recommendations for consideration by the the Service. Since the longfin smelt became a state 
candidate species in 2008, the SWG has also developed for DFG recommendations to minimize 
adverse effects to longfin smelt. The SWG consists of representatives from the Service, DFG, 
DWR, EPA, and Reclamation. The Service chairs the group, and members are assigned by each 
agency. 

The SWG will compile and interpret the latest near real-time information regarding state- and 
federally-listed smelt, such as stages of development, distribution, and salvage. After evaluating 
available information and if they agree that a protection action is warranted, the SWG will 
submit their recommendations in writing to the Service and DFG.  

The working may meet at any time at the request of the Service, but generally meets weekly 
during the months of December through June, when smelt salvage at Jones and Banks has 
occurred historically. However, the Delta Smelt Risk Assessment Matrix (see below) outlines the 
conditions when the SWG will convene to evaluate the necessity of protective actions and 
provide the Service with a recommendation. Further, with the State listing of longfin smelt, the 
group will also convene based on longfin salvage history at the request of DFG. 

Delta Smelt Risk Assessment Matrix (DSRAM) 
The SWG will employ a delta smelt risk assessment matrix to assist in evaluating the need for 
operational modifications of SWP and CVP to protect delta smelt. This document will be a 
product and tool of the SWG and will be modified by the SWG with the approval of the Service 
and DFG, in consultation with Reclamation and DWR, as new knowledge becomes available. 
The currently approved DSRAM is attachment A.  

If an action is taken, the SWG will follow up on the action to attempt to ascertain its 
effectiveness. The ultimate decision-making authority rests with the Service. An assessment of 
effectiveness will be attached to the notes from the SWG’s discussion concerning the action.  
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The Salmon Decision Process 

The Salmon Decision Process is used by the fishery agencies and Project to facilitate the often 
complex coordination issues surrounding DCC gate operations and the purposes of fishery 
protection closures, Delta water quality, and/or export reductions. Inputs such as fish lifestage 
and size development, current hydrologic events, fish indicators (such as the Knight’s Landing 
Catch Index and Sacramento Catch Index), and salvage at the export facilities, as well as current 
and projected Delta water quality conditions, are used to determine potential DCC closures 
and/or export reductions. The coordination process has worked well during the recent fall and 
winter DCC operations in recent years and is expected to be used in the present or modified form 
in the future. 

American River Group 
In 1996, Reclamation established a working group for the Lower American River, known as 
ARG. Although open to the public, the ARG meetings generally include representatives from 
several agencies and organizations with on-going concerns and interests regarding management 
of the Lower American River. The formal members of the group are Reclamation, the Service, 
NMFS, and DFG.  

The ARG convenes monthly or more frequently if needed, with the purpose of providing fishery 
updates and reports for Reclamation to help manage Folsom Reservoir for fish resources in the 
Lower American River. 

San Joaquin River Technical Committee (SJRTC) 
The SJRTC meets for the purposes of planning and implementing the VAMP each year and 
oversees two subgroups: the Biology subgroup, and the Hydrology subgroup. These two groups 
are charged with certain responsibilities, and must also coordinate their activities within the San 
Joaquin River Agreement (SJRA) Technical Committee. 

Operations Technical Teams 

An operations specific team is established to provide guidance and recommendations on 
operational issues and one is proposed for the SDIP operable gates. These teams are: 

Delta Cross Channel Project Work Team 

The DCC Project Work Team is a multiagency group under CALFED. Its purpose is to 
determine and evaluate the affects of DCC gate operations on Delta hydrodynamics, water 
quality, and fish migration.  

Gate Operations Review Team 

When the gates proposed under SDIP Stage 1 are in place and operational, a federal and state 
interagency team will be convened to discuss constraints and provide input to the existing 
WOMT. The Gate Operations Review Team (GORT) will make recommendations for the 
operations of the fish control and flow control gates to minimize impacts on resident threatened 
and endangered species and to meet water level and water quality requirements for south Delta 
water users. The interagency team will include representatives of DWR, Reclamation, the 
Service, NMFS, and the DFG.DWR will be responsible for providing predictive modeling, and 
SWP Operations Control Office will provide operations forecasts and the conference call line. 
Reclamation will be responsible for providing CVP operations forecasts, including San Joaquin 
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River flow, and data on current water quality conditions. Other members will provide the team 
with the latest information related to south Delta fish species and conditions for crop irrigation.  
Operations plans would be developed using the Delta Simulation Model 2 (DSM2), forecasted 
tides, and proposed diversion rates of the projects to prepare operating schedules for the existing 
CCF gates and the four proposed operable gates. The Service will continue to use the smelt work 
group for recommendations regarding gate operations. 
 

Uses of Environmental Water Accounts 

CVPIA Section 3406 (b)(2)  
On May 9, 2003, the Interior issued its Decision on Implementation of Section 3406 (b)(2) of the 
CVPIA. Dedication of (b)(2) water occurs when Reclamation takes a fish, wildlife habitat 
restoration action based on recommendations of the the Service (and in consultation with NMFS 
and DFG), pursuant to Section 3406 (b)(2). Dedication and management of (b)(2) water may also 
assist in meeting WQCP fishery objectives and helps meet the needs of fish listed under the ESA 
as threatened or endangered since the enactment of the CVPIA.  

The May 9, 2003, Decision describes the means by which the amount of dedicated (b)(2) water is 
determined. Planning and accounting for (b)(2) actions are done cooperatively and occur 
primarily through weekly meetings of the B2IT. Actions usually take one of two forms—in-
stream flow augmentation below CVP reservoirs or CVP Jones pumping reductions in the Delta. 
Chapter 9 of  the BA contains a more detailed description of (b)(2) operations, as characterized 
in the CalSim-II modeling assumptions and results of the modeling are summarized. 

CVPIA 3406 (b)(2) Operations on Clear Creek 
Dedication of (b)(2) water on Clear Creek provides actual in-stream flows below Whiskeytown 
Dam greater than those that would have occurred under pre-CVPIA regulations, e.g., the fish and 
wildlife minimum flows specified in the 1963 proposed release schedule (Table 4). In-stream 
flow objectives are usually taken from the AFRP’s plan, in consideration of spawning and 
incubation of fall-run Chinook salmon. Augmentation in the summer months is usually in 
consideration of water temperature objectives for steelhead and in late summer for spring-run 
Chinook salmon. 

Reclamation will provide (under the new agreement) Townsend with up to 6,000 af of water 
annually. If the full 6,000 af is delivered, then 900 af will be dedicated to (b)(2) according to the 
August 2000 agreement. 

CVPIA 3406 (b)(2) Operations on the Upper Sacramento River 
Dedication of (b)(2) water on the Sacramento River provides actual in-stream flows below 
Keswick Dam greater than those that would have occurred under pre-CVPIA regulations, e.g., 
the fish and wildlife requirements specified in WR 90-5 and the criteria formalized in the 1993 
NMFS Winter-run BO as the base. In-stream flow objectives from October 1 to April 15 
(typically April 15 is when water temperature objectives for winter-run Chinook salmon become 
the determining factor) are usually selected to minimize dewatering of redds and provide suitable 
habitat for salmonid spawning, incubation, rearing, and migration.  
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CVPIA 3406 (b)(2) Operations on the Lower American River 
Dedication of (b)(2) water on the American River provides actual in-stream flows below Nimbus 
Dam greater than those that would have occurred under pre-CVPIA regulations, e.g the fish and 
wildlife requirements previously mentioned in the American River Division. In-stream flow 
objectives from October through May generally aim to provide suitable habitat for salmon and 
steelhead spawning, incubation, and rearing, while considering impacts. In-stream flow 
objectives for June to September endeavor to provide suitable flows and water temperatures for 
juvenile steelhead rearing while balancing the effects on temperature operations into October and 
November.  

• Flow Fluctuation and Stability Concerns: 

Through CVPIA, Reclamation has funded studies by DFG to better define the 
relationships of Nimbus release rates and rates of change criteria in the Lower American 
River to minimize the negative effects of necessary Nimbus release changes on sensitive 
fishery objectives. Reclamation is presently using draft criteria developed by DFG. The 
draft criteria have helped reduce the incidence of anadromous fish stranding relative to 
past historic operations. The primary operational coordination for potentially sensitive 
Nimbus Dam release changes is conducted through the B2IT process.  

CVPIA 3406 (b)(2) Operations on the Stanislaus River 

Dedication of (b)(2) water on the Stanislaus River provides actual in-stream flows below 
Goodwin Dam greater than the fish and wildlife requirements previously mentioned in the East 
Side Division, and in the past has been generally consistent with the Interior of Plan Operation 
(IPO) for New Melones. In-stream fishery management flow volumes on the Stanislaus River, as 
part of the IPO, are based on the New Melones end-of-February storage plus forecasted March to 
September inflow as shown in the IPO. The volume determined by the IPO is a combination of 
fishery flows pursuant to the 1987 DFG Agreement and the the Service AFRP in-stream flow 
goals. The fishery volume is then initially distributed based on modeled fish distributions and 
patterns used in the IPO.  

Actual in-stream fishery management flows below Goodwin Dam will be determined in 
accordance with the Decision on Implementation of Section 3406 (b)(2) of the CVPIA. 
Reclamation has begun a process to develop a long-term operations plan for New Melones. The 
ultimate long-term plan will be coordinated with B2IT members, along with the stakeholders and 
the public before it is finalized.  

CVPIA 3406 (b)(2) Operations in the Delta 
Export curtailments at the CVP Jones Pumping Plant and increased CVP reservoir releases 
required to meet SWRCB D-1641, as well as direct export reductions for fishery management 
using dedicated (b)(2) water at the CVP Jones Pumping Plant, will be determined in accordance 
with the Interior Decision on Implementation of Section 3406 (b)(2) of the CVPIA. Direct Jones 
Pumping Plant export curtailments for fishery management protection will be based on 
coordination with the weekly B2IT meetings and vetted through WOMT, as necessary.  

Environmental Water Account 

The orginal Environmental Water Account was established in 2000 by the CALFED ROD, and 
operating criteria area described in detail in the EWA Operating Principles Agreement 
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attachment to the ROD. In 2004, the EWA was extended to operate through the end of 2007. 
Reclamation, the Service, and NMFS have received congressional authorization to participate in 
the EWA at least through September 30, 2010, per the CALFED Bay-Delta Authorization Act 
(PL-108-361). However, for these Federal agencies to continue participation in the EWA beyond 
2010, additional authorization will be required.   

The original purpose of the EWA was to enable diversion of water by the SWP and CVP from 
the Delta to be reduced at times when at risk fish species may be harmed while preventing the 
uncompensated loss of water to SWP and CVP contractors. Typically the EWA replaced water 
loss due to curtailment of pumping by purchase of surface or groundwater supplies from willing 
sellers and by taking advantage of regulatory flexibility and certain operational assets.  

Under past operations, from 2001 through 2007, when there were pumping curtailments at Banks 
Pumping Plant to protect Delta fish the EWA often owed a debt of water to the SWP, usually 
reflected in San Luis Reservoir.  

The EWA agencies are currently undertaking environmental review to determine the future of 
EWA. Because no decision has yet been made regarding EWA, for the purposes of this project 
description, EWA is analyzed with limited assets, focusing on providing assets to support VAMP 
and in some years, the “post – VAMP shoulder”. The EWA assets include the following: 

• Implementation of the Yuba Accord, Component 1 Water, which is an average 60,000 af 
of water released annually from the Yuba River to the Delta, is an EWA asset through 
2015, with a possible extension through 2025. The 60,000 af is expected to be reduced by 
carriage water costs in most years, estimated at 20%, leaving an EWA asset of 48,000 af 
per year.  The SWP will provide the 48,000 af per year asset from Project supplies 
beyond 2015 in the event that Yuba Accord Component 1 Water is not extended. 

• Purchases of assets to the extent funds are available. 

• Operational assets granted the EWA in the CALFED ROD:  

• A 50 percent share of SWP export pumping of (b)(2) water and ERP water from 
upstream releases;  

• A share of the use of SWP pumping capacity in excess of the SWP’s needs to meet 
contractor requirements with the CVP on an equal basis, as needed (such use may be 
under Joint Point of Diversion; 

• Any water acquired through export/inflow ratio flexibility; and  

• Use of 500 cubic-feet per second (cfs) increase in authorized Banks Pumping Plant 
capacity in July through September (from 6,680 to 7,180 cfs). 

• Storage in project reservoirs upstream of the Delta as well as in San Luis Reservoir, 
with a lower priority than project water. Such stored water will share storage priority 
with water acquired for Level 4 refuge needs. 

Operational assets averaged 82,000 af from 2001-2006, with a range from 0 to 150,000 af. 

500 cfs Diversion Increase During July, August, and September  

Under this operation, the maximum allowable daily diversion rate into Clifton Court (CCF) 
during the months of July, August, and September increases from 13,870 AF to 14,860 AF and 
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three-day average diversions from 13,250 AF to 14,240 AF (500 cfs per day equals 990 AF). The 
increase in diversions has been permitted and in place since 2000. The current permit expires on 
September 30, 2008. An application will be made to the U.S. Army Corps of Engineers for 
permitting the implementation of this operation.  The description of the 500 cfs increased 
diversion in the permit application to the Corps will be consistent wit the following description   

The purpose of this diversion increase into CCF for use by the SWP is to recover export 
reductions made due to the ESA or other actions taken to benefit fisheries resources. The 
increased diversion rate will not result in any increase in water supply deliveries than would 
occur in the absence of the increased diversion rate.  This increased diversion over the three-
month period would result in an amount not to exceed 90,000 AF each year.  Increased 
diversions above the 48 taf discussed previously could occur for a number of reasons including: 

1) Actual carriage water loss on the 60 taf of current year’s Yuba Accord Component 1 
Water is less than the assumed 20%. 

2) Diversion of Yuba Accord Component 1 Water exceeds the current year’s 60 taf 
allotment to make up for a Yuba Accord Component 1 deficit from a previous year. 

3) In very wet years, the diversion of excess Delta outflow goes above and beyond the 
Yuba Accord Component 1 Water allotment. Need to define “very wet” 

Variations to hydrologic conditions coupled with regulatory requirements may limit the ability of 
the SWP to fully utilize the proposed increased diversion rate. Also, facility capabilities may 
limit the ability of the SWP to fully utilize the increased diversion rate. 

In years where the accumulated export under the 500 cfs increased diversion exceeds 48 taf, the 
additional asset will be held in the SWP share of San Luis Reservoir, as long as space in 
avaliable, to be applied to an export reduction specified by the fish agencies for the immediate 
WY.  For example, if 58 taf were exported under the increased diversion during July through 
September, then 10 taf of additional asset would be in San Luis Reservoir on September 30.  The 
fish agencies may choose to apply this asset to an export reduction during the early winter or 
take a risk that space for storing the asset will remain in the SWP share of San Luis Reservoir 
and be available to be applied to the VAMP or “post-VAMP” export reduction in the spring.  If 
the asset remains available for the VAMP and “post-VAMP” shoulder”, it would increase the 
export reduction during that periodby an equal amount.  In this example, the export would be 
reduced an additional 10 taf. 
 
As the winter and spring progress, the SWP share of San Luis Reservoir may fill and the space 
will no longer be avaliable to store the asset.  If this happens, the asset will be converted to SWP 
supply stored in San Luis Reservoir and the SWP exports from the Delta will be reduced at that 
time by the same volume as the asset.  Any reductions in exports resulting from from this 
situation are expected to occur in the December-March period.   
 
Implementation of the proposed action is contingent on meeting the following conditions: 

1. The increased diversion rate will not result in an increase in annual SWP water supply 
allocations than would occur in the absence of the increased diversion rate. Water pumped 
due to the increased capacity will only be used to offset reduced diversions that occurred or 
will occur because of ESA or other actions taken to benefit fisheries. 
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2. Use of the increased diversion rate will be in accordance with all terms and conditions of 
existing biological opinions governing SWP operations. 

3. All three temporary agricultural barriers (Middle River, Old River near Tracy and Grant Line 
Canal) must be in place and operating when SWP diversions are increased.  When the 
temporary barriers are replaced by the permanent operable flow-control gates, proposed as 
Stage 1 of the South Delta Improvements Program, the gates must be operating to their 
specified criteria 

4. Between July 1 and September 30, prior to the start of or during any time at which the SWP 
has increased its diversion rate in accordance with the approved operations plan, if the 
combined salvage of listed fish species reaches a level of concern, real-time decision making 
will be implemented.  The relevant fish regulatory agency will determine whether the 500 cfs 
increased diversion is or continues to be implemented.   

 

Central Valley Project 
Central Valley Project Improvement Act 
On October 30, 1992, Public Law 102-575, (Reclamation Projects Authorization and Adjustment 
Act of 1992) was passed. Included in the law was Title 34, the Central Valley Project 
Improvement Act (CVPIA). The CVPIA amended previous authorizations of the CVP to include 
fish and wildlife protection, restoration, and mitigation as project purposes having equal priority 
with irrigation and domestic water supply uses, and fish and wildlife enhancement having an 
equal priority with power generation. Among the changes mandated by the CVPIA are: 

• Dedicating 800,000 af annually to fish, wildlife, and habitat restoration 

• Authorizing water transfers outside the CVP service area 

• Implementing an anadromous fish restoration program 

• Creating a restoration fund financed by water and power users 

• Providing for the Shasta Temperature Control Device 

• Implementing fish passage measures at Red Bluff Diversion Dam (RBDD) 

• Calling for planning to increase the CVP yield 

• Mandating firm water supplies for Central Valley wildlife refuges 

• Improving the Tracy Fish Collection Facility (TFCF) 

• Meeting Federal trust responsibility to protect fishery resources(Trinity River)  

The CVPIA is being implemented as authorized. The Final Programmatic Environmental Impact 
Statement (PEIS) for the CVPIA analyzed projected conditions in 2022, 30 years from the 
CVPIA’s adoption in 1992. The Final PEIS was released in October 1999 and the CVPIA 
Record of Decision (ROD) was signed on January 9, 2001. The Biological Opinions (BOs) were 
issued on November 21, 2000. 

Operations of the CVP reflect provisions of the CVPIA, particularly sections 3406(b)(1), (b)(2), 
and (b)(3). On May 9, 2003, Interior issued its decision on Implementation of Section 3406 

 36



(b)(2) of the CVPIA. The CVPIA Section 3406 (b)(2) Implementation Team (B2IT) formulates 
recommendations for implementing upstream and Delta actions with CVP delivery capability. 

Water Service Contracts, Allocations and Deliveries 

Water Needs Assessment 
Water needs assessments have been performed for each CVP water contractor eligible to 
participate in the CVP long-term contract renewal process. Water needs assessments confirm a 
contractor’s past beneficial use and determine future CVP water supplies needed to meet the 
contractor’s anticipated future demands. The assessments are based on a common methodology 
used to determine the amount of CVP water needed to balance a contractor’s water demands 
with available surface and groundwater supplies. All of the contractor assessments have been 
finalized. 

Future American River Operations - Water Service Contracts and Deliveries 
Surface water deliveries from the American River are made to various water rights entities and 
CVP contractors. Total American River Division annual demands on the American and 
Sacramento Rivers are estimated to increase from about 324,000 acre-feet in 2005 and 605,000 
acre-feet in 2030 without the Freeport Regional Water project maximum of 133,000 acre-feet 
during drier years. Reclamation is negotiating the renewal of 13 long-term water service 
contracts, four Warren Act contracts, and has a role in six infrastructure or Folsom Reservoir 
operations actions influencing the management of American River Division facilities and water 
use.  

Water Allocation – CVP 
The water allocation process for CVP begins in the fall when preliminary assessments are made 
of the next year’s water supply possibilities, given current storage conditions combined with a 
range of hydrologic conditions. These preliminary assessments may be refined as the water year 
progresses. Beginning February 1, forecasts of water year runoff are prepared using precipitation 
to date, snow water content accumulation, and runoff to date. All of CVP’s Sacramento River 
Settlement water rights contracts and San Joaquin River Exchange contracts require that 
contractors be informed no later than February 15 of any possible deficiency in their supplies. In 
recent years, February 20th has been the target date for the first announcement of all CVP 
contractors’ forecasted water allocations for the upcoming contract year. Forecasts of runoff and 
operations plans are updated at least monthly between February and May. 

Reclamation uses the 90 percent probability of exceedance forecast as the basis of water 
allocations. Furthermore, NMFS reviews the operations plans devised to support the initial water 
allocation, and any subsequent updates to them, for sufficiency with respect to the criteria for 
Sacramento River temperature control. 

CVP M&I Water Shortage Operational Assumptions- 
The CVP has 253 water service contracts (including Sacramento River Settlement Contracts). 
These water service contracts have had varying water shortage provisions (e.g., in some 
contracts, municipal and industrial (M&I) and agricultural uses have shared shortages equally; in 
most of the larger M&I contracts, agricultural water has been shorted 25 percent of its contract 
entitlement before M&I water was shorted, after which both shared shortages equally).  
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The M&I minimum shortage allocation does not apply to contracts for the (1) Friant Division, 
(2) New Melones interim supply, (3) Hidden and Buchanan Units, (4) Cross Valley contractors, 
(5) San Joaquin River Exchange settlement contractors, and (6) Sacramento River settlement 
contractors. Any separate shortage- related contractual provisions will prevail.  

There will be a minimum shortage allocation for M&I water supplies of 75 percent of a 
contractor’s historical use (i.e., the last 3 years of water deliveries unconstrained by the 
availability of CVP water). Historical use can be adjusted for growth, extraordinary water 
conservation measures, and use of non-CVP water as those terms are defined in the proposed 
policy. Before the M&I water allocation is reduced, the irrigation water allocation would be 
reduced below 75 percent of contract entitlement.  

When the allocation of irrigation water is reduced below 25 percent of contract entitlement, 
Reclamation will reassess the availability of CVP water and CVP water demand; however, due 
to limited water supplies during these times, M&I water allocation may be reduced below 75 
percent of adjusted historical use during extraordinary and rare times such as prolonged and 
severe drought. Under these extrodinary conditions allocation percentages for both South of 
Delta and North of Delta irrigation and M&I contractors are the same.  

Reclamation will deliver CVP water to all M&I contractors at not less than a public health and 
safety level if CVP water is available, if an emergency situation exists, but not exceeding 75 
percent on contract total (and taking into consideration water supplies available to the M&I 
contractors from other sources). This is in recognition, however, that the M&I allocation may, 
nevertheless, fall to 50 percent as the irrigation allocation drops below 25 percent and 
approaches zero due to limited CVP supplies.  

       Allocation Modeling Assumptions: 

 Ag 100% to 75% then M&I is at 100% 

 Ag 70%  M&I 95% 

 Ag 65%  M&I 90% 

 Ag 60%  M&I 85% 

 Ag 55%  M&I 80% 

 Ag 50% to 25% M&I 75% 

Dry and Critical Years: 

 Ag 20%  M&I 70% 

 Ag 15%  M&I 65% 

 Ag 10%  M&I 60% 

 Ag 5%   M&I 55% 

 Ag 0%   M&I 50%  
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Project Facilities 

Trinity River Division Operations 
The Trinity River Division, completed in 1964, includes facilities to store and regulate water in 
the Trinity River, as well as facilities to divert water to the Sacramento River Basin. Trinity Dam 
is located on the Trinity River and regulates the flow from a drainage area of approximately 
720 square miles. The dam was completed in 1962, forming Trinity Lake, which has a maximum 
storage capacity of approximately 2.4 million acre-feet (maf). See map in Figure 5. 

The mean annual inflow to Trinity Lake from the Trinity River is about 1.2 maf per year. 
Historically, an average of about two-thirds of the annual inflow has been diverted to the 
Sacramento River Basin (1991-2003). Trinity Lake stores water for release to the Trinity River 
and for diversion to the Sacramento River via Lewiston Reservoir, Carr Tunnel, Whiskeytown 
Reservoir, and Spring Creek Tunnel where it commingles in Keswick Reservoir with 
Sacramento River water released from both the Shasta Dam and Spring Creek Debris Dam.  
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Figure 5 Shasta-Trinity System 
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Safety of Dams at Trinity Reservoir 

Periodically, increased water releases are made from Trinity Dam consistent with Reclamation 
Safety of Dams criteria intended to prevent overtopping of Trinity Dam. Although flood control 
is not an authorized purpose of the Trinity River Division, flood control benefits are provided 
through normal operations.  

The Safety of Dams release criteria specifies that Carr Powerplant capacity should be used as a 
first preference destination for Safety of Dams releases made at Trinity Dam. Trinity River 
releases are made as a second preference destination. During significant Northern California high 
water flood events, the Sacramento River water stages are also at concern levels. Under such 
high water conditions, the water that would otherwise move through Carr Powerplant is routed to 
the Trinity River. Total river release can reach up to 11,000 cfs below Lewiston Dam (under 
Safety of Dams criteria) due to local high water concerns in the flood plain and local bridge flow 
capacities. The Safety of Dam criteria provides seasonal storage targets and recommended 
releases November 1 to March 31. During the May 2006 the river flows were over 10,000 cfs for 
several days. 

Fish and Wildlife Requirements on Trinity River 

Based on the Trinity River Main-stem Fishery Restoration ROD, dated December 19, 2000, 
368,600 to 815,000 af is allocated annually for Trinity River flows. This amount is scheduled in 
coordination with the the Service to best meet habitat, temperature, and sediment transport 
objectives in the Trinity Basin.  

Temperature objectives for the Trinity River are set forth in SWRCB order WR 90-5. See also 
Table 2 below. These objectives vary by reach and by season. Between Lewiston Dam and 
Douglas City Bridge, the daily average temperature should not exceed 60 degrees Fahrenheit 
(°F) from July 1 to September 14, and 56°F from September 15 to October 1. From October 1 to 
December 31, the daily average temperature should not exceed 56°F between Lewiston Dam and 
the confluence of the North Fork Trinity River. Reclamation consults with the Service in 
establishing a schedule of releases from Lewiston Dam that can best achieve these objectives. 

For the purpose of determining the Trinity Basin water year type, forecasts using the 50 percent 
exceedance as of April 1st are used. There are no make-up/or increases for flows forgone if the 
water year type changes up or down from an earlier 50 percent forecast. In the modeling, actual 
historic Trinity inflows were used rather than a forecast. There is a temperature curtain in 
Lewiston Reservoir that provides for lower temperature water releases into the Trinity River. 
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Table 2  Water temperature objectives for the Trinity River during the summer, fall, and winter as 
established by the CRWQCB-NCR (California Regional Water Quality Control Board North Coast 
Region) 

Temperature Objective (°F)  
Date Douglas City (RM 93.8) North Fork Trinity River (RM 72.4) 

July 1 through Sept 14 60 - 

Sept 15 through Sept 30 56 - 

Oct 1 through Dec 31 - 56 

 

Transbasin Diversions 

Diversion of Trinity water to the Sacramento Basin provides limited water supply and 
hydroelectric power generation for the CVP and assists in water temperature control in the 
Trinity River and upper Sacramento River. The amounts and timing of the Trinity exports are 
determined by subtracting Trinity River scheduled flow and targeted carryover storage from the 
forecasted Trinity water supply.  

The seasonal timing of Trinity exports is a result of determining how to make best use of a 
limited volume of Trinity export (in concert with releases from Shasta) to help conserve cold 
water pools and meet temperature objectives on the upper Sacramento and Trinity rivers, as well 
as power production economics. A key consideration in the export timing determination is the 
thermal degradation that occurs in Whiskeytown Lake due to the long residence time of 
transbasin exports in the lake.  

To minimize the thermal degradation effects, transbasin export patterns are typically scheduled 
by an operator to provide an approximate 120,000 af volume to occur in late spring to create a 
thermal connection to the Spring Creek Powerhouse before larger transbasin volumes are 
scheduled to occur during the hot summer months (Figure 6). Typically, the water flowing from 
the Trinity Basin through Whiskeytown Lake must be sustained at fairly high rates to avoid 
warming and to function most efficiently for temperature control. The time period for which 
effective temperature control releases can be made from Whiskeytown Lake may be compressed 
when the total volume of Trinity water available for export is limited. 

Export volumes from Trinity are made in coordination with the operation of Shasta Reservoir. 
Other important considerations affecting the timing of Trinity exports are based on the utility of 
power generation and allowances for normal maintenance of the diversion works and generation 
facilities. 
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Figure 6  Sacramento-Trinity Water Quality Network (with river miles [RM]) 



Trinity Lake historically reached its greatest storage level at the end of May. With the present 
pattern of prescribed Trinity releases, maximum storage may occur by the end of April or in 
early May. 

Reclamation maintains at least 600,000 af in Trinity Reservoir, except during the 10 to 15 
percent of the years when Shasta Reservoir is also drawn down. Reclamation will address end of 
water year carryover on a case-by-case basis in dry and critically dry water year types with the 
Service and NMFS through the WOMT and B2IT processes. 

Whiskeytown Reservoir Operations 

Since 1964, a portion of the flow from the Trinity River Basin has been exported to the 
Sacramento River Basin through the CVP facilities. Water is diverted from the Trinity River at 
Lewiston Dam via the Clear Creek Tunnel and passes through the Judge Francis Carr 
Powerhouse as it is discharged into Whiskeytown Lake on Clear Creek. From Whiskeytown 
Lake, water is released through the Spring Creek Power Conduit to the Spring Creek Powerplant 
and into Keswick Reservoir. All of the water diverted from the Trinity River, plus a portion of 
Clear Creek flows, is diverted through the Spring Creek Power Conduit into Keswick Reservoir.  

Spring Creek also flows into the Sacramento River and enters at Keswick Reservoir. Flows on 
Spring Creek are partially regulated by the Spring Creek Debris Dam. Historically (1964-1992), 
an average annual quantity of 1,269,000 af of water has been diverted from Whiskeytown Lake 
to Keswick Reservoir. This annual quantity is approximately 17 percent of the flow measured in 
the Sacramento River at Keswick. 

Whiskeytown is normally operated to (1) regulate inflows for power generation and recreation; 
(2) support upper Sacramento River temperature objectives; and (3) provide for releases to Clear 
Creek consistent with the CVPIA Anadromous Fish Restoration Program (AFRP) objectives. 
Although it stores up to 241,000 af, this storage is not normally used as a source of water supply. 
There is a temperature curtain in Whiskeytown Reservoir. 

Spillway Flows below Whiskeytown Lake 

Whiskeytown Lake is drawn down approximately 35,000 af per year of storage space during 
November through April to regulate flows for power generation. Heavy rainfall events 
occasionally result in spillway discharges to Clear Creek, as shown in Table 3 below. 
Table 3  Days of Spilling below Whiskeytown and 40-30-30 Index from Water Year 1978 to 2005 

Water Year Days of Spilling 40-30-30 Index 

1978 5 AN 
1979 0 BN 
1980 0 AN 
1981 0 D 
1982 63 W 
1983 81 W 
1984 0 W 
1985 0 D 
1986 17 W 
1987 0 D 
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Water Year Days of Spilling 40-30-30 Index 

1988 0 C 
1989 0 D 
1990 8 C 
1991 0 C 
1992 0 C 
1993 10 AN 
1994 0 C 
1995 14 W 
1996 0 W 
1997 5 W 
1998 8 W 
1999 0 W 
2000 0 AN 
2001 0 D 
2002 0 D 
2003 8 AN 
2004 0 BN 
2005 0 AN 
2006 4 W 
2007 0 D 

 

Operations at Whiskeytown Lake during flood conditions are complicated by its operational 
relationship with the Trinity River, Sacramento River, and Clear Creek. On occasion, imports of 
Trinity River water to Whiskeytown Reservoir may be suspended to avoid aggravating high flow 
conditions in the Sacramento Basin. 

Fish and Wildlife Requirements on Clear Creek 

Water rights permits issued by the SWRCB for diversions from Trinity River and Clear Creek 
specify minimum downstream releases from Lewiston and Whiskeytown Dams, respectively. 
Two agreements govern releases from Whiskeytown Lake:  

• A 1960 Memorandum of Agreement (MOA) with the DFG established minimum flows to 
be released to Clear Creek at Whiskeytown Dam, Table 4 . 

• A 1963 release schedule for Whiskeytown Dam was developed with the Service and 
implemented, but never finalized. Although this release schedule was never formalized, 
Reclamation has operated according to this proposed schedule since May 1963. 

Table 4 Minimum flows at Whiskeytown Dam from 1960 MOA with the DFG 

Period Minimum flow (cfs) 

1960 MOA with the DFG  

January 1 - February 28(29) 50 



 46

Period Minimum flow (cfs) 

March 1 - May 31 30 

June 1 - September 30 0 

October 1 - October 15 10 

October 16 - October 31 30 

November 1 - December 31 100 

1963 FWS Proposed Normal year flow (cfs)  

January 1 - October 31 50 

November 1 - December 31 100 

1963 FWS Proposed Critical year flow (cfs)  

January 1 - October 31 30 

November 1 - December 31 70 

 

Spring Creek Debris Dam Operations 

The Spring Creek Debris Dam (SCDD) is a feature of the Trinity Division of the CVP. It was 
constructed to regulate runoff containing debris and acid mine drainage from Spring Creek, a 
tributary to the Sacramento River that enters Keswick Reservoir. The SCDD can store 
approximately 5,800 af of water. Operation of SCDD and Shasta Dam has allowed some control 
of the toxic wastes with dilution criteria. In January 1980, Reclamation, the DFG, and the 
SWRCB executed a Memorandum of Understanding (MOU) to implement actions that protect 
the Sacramento River system from heavy metal pollution from Spring Creek and adjacent 
watersheds.  

The MOU identifies agency actions and responsibilities, and establishes release criteria based on 
allowable concentrations of total copper and zinc in the Sacramento River below Keswick Dam.  

The MOU states that Reclamation agrees to operate to dilute releases from SCDD (according to 
these criteria and schedules provided) and that such operation will not cause flood control 
parameters on the Sacramento River to be exceeded and will not unreasonably interfere with 
other project requirements as determined by Reclamation. The MOU also specifies a minimum 
schedule for monitoring copper and zinc concentrations at SCDD and in the Sacramento River 
below Keswick Dam. Reclamation has primary responsibility for the monitoring; however, the 
DFG and the RWQCB also collect and analyze samples on an as-needed basis. Due to more 
extensive monitoring, improved sampling and analyses techniques, and continuing cleanup 
efforts in the Spring Creek drainage basin, Reclamation now operates SCDD targeting the more 
stringent Central Valley Region Water Quality Control Plan (Basin Plan) criteria in addition to 
the MOU goals. Instead of the total copper and total zinc criteria contained in the MOU, 
Reclamation operates SCDD releases and Keswick dilution flows to not exceed the Basin Plan 
standards of 0.0056 mg/L dissolved copper and 0.016 mg/L dissolved zinc. Release rates are 
estimated from a mass balance calculation of the copper and zinc in the debris dam release and in 
the river.  



In order to minimize the build-up of metal concentrations in the Spring Creek arm of Keswick 
Reservoir, releases from the debris dam are coordinated with releases from the Spring Creek 
Powerplant to keep the Spring Creek arm of Keswick Reservoir in circulation with the main 
water body of Keswick Lake. 

The operation of SCDD is complicated during major heavy rainfall events. SCDD reservoir can 
fill to uncontrolled spill elevations in a relatively short time period, anywhere from days to 
weeks. Uncontrolled spills at SCDD can occur during major flood events on the upper 
Sacramento River and also during localized rainfall events in the Spring Creek watershed.  
During flood control events, Keswick releases may be reduced to meet flood control objectives 
at Bend Bridge when storage and inflow at Spring Creek Reservoir are high.  

Because SCDD releases are maintained as a dilution ratio of Keswick releases to maintain the 
required dilution of copper and zinc, uncontrolled spills can and have occurred from SCDD. In 
this operational situation, high metal concentration loads during heavy rainfall are usually 
limited to areas immediately downstream of Keswick Dam because of the high runoff entering 
the Sacramento River adding dilution flow. In the operational situation when Keswick releases 
are increased for flood control purposes, SCDD releases are also increased in an effort to reduce 
spill potential. 

In the operational situation when heavy rainfall events will fill SCDD and Shasta Reservoir will 
not reach flood control conditions, increased releases from CVP storage may be required to 
maintain desired dilution ratios for metal concentrations. Reclamation has voluntarily released 
additional water from CVP storage to maintain release ratios for toxic metals below Keswick 
Dam. Reclamation has typically attempted to meet the Basin Plan standards but these releases 
have no established criteria and are dealt with on a case-by-case basis. Since water released for 
dilution of toxic spills is likely to be in excess of other CVP requirements, such releases increase 
the risk of a loss of water for other beneficial purposes. 

Shasta Division and Sacramento River Division 
The CVP’s Shasta Division includes facilities that conserve water in the Sacramento River for 
(1) flood control, (2) navigation maintenance, (3) agricultural water supplies, (4) M&I water 
supplies (5) hydroelectric power generation, (6) conservation of fish in the Sacramento River, 
and (7) protection of the Sacramento-San Joaquin Delta from intrusion of saline ocean water. 
The Shasta Division includes Shasta Dam, Lake, and Powerplant; Keswick Dam, Reservoir, and 
Powerplant, and the Shasta Temperature Control Device. 

The Sacramento River Division was authorized after completion of the Shasta Division. Total 
authorized diversions for the Sacramento River Division are approximately 2.8 maf. Historically 
the total diversion has varied from 1.8 maf in a critically dry year to the full 2.8 maf in wet year. 
It includes facilities for the diversion and conveyance of water to CVP contractors on the west 
side of the Sacramento River. The division includes the Sacramento Canals Unit, which was 
authorized in 1950 and consists of the RBDD, the Corning Pumping Plant, and the Corning and 
Tehama-Colusa Canals.  

The unit was authorized to supply irrigation water to over 200,000 acres of land in the 
Sacramento Valley, principally in Tehama, Glenn, Colusa, and Yolo counties. Black Butte Dam, 
which is operated by the U.S. Army Corps of Engineers (Corps), also provides supplemental 
water to the Tehama-Colusa Canals as it crosses Stony Creek. The operations of the Shasta and 
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Sacramento River divisions are presented together because of their operational inter-
relationships. 

Shasta Dam is located on the Sacramento River just below the confluence of the Sacramento, 
McCloud, and Pit Rivers. The dam regulates the flow from a drainage area of approximately 
6,649 square miles. Shasta Dam was completed in 1945, forming Shasta Lake, which has a 
maximum storage capacity of 4,552,000 af. Water in Shasta Lake is released through or around 
the Shasta Powerplant to the Sacramento River where it is re-regulated downstream by Keswick 
Dam. A small amount of water is diverted directly from Shasta Lake for M&I uses by local 
communities.  

Keswick Reservoir was formed by the completion of Keswick Dam in 1950. It has a capacity of 
approximately 23,800 af and serves as an afterbay for releases from Shasta Dam and for 
discharges from the Spring Creek Powerplant. All releases from Keswick Reservoir are made to 
the Sacramento River at Keswick Dam. The dam has a fish trapping facility that operates in 
conjunction with the Coleman National Fish Hatchery on Battle Creek.  

Flood Control 

Flood control objectives for Shasta Lake require that releases be restricted to quantities that will 
not cause downstream flows or stages to exceed specified levels. These include a flow of 
79,000 cfs at the tailwater of Keswick Dam, and a stage of 39.2 feet in the Sacramento River at 
Bend Bridge gauging station, which corresponds to a flow of approximately 100,000 cfs. Flood 
control operations are based on regulating criteria developed by the Corps pursuant to the 
provisions of the Flood Control Act of 1944. Maximum flood space reservation is 1.3 maf, with 
variable storage space requirements based on an inflow parameter.  

Flood control operation at Shasta Lake requires the forecasting of runoff conditions into Shasta 
Lake, as well as runoff conditions of unregulated creek systems downstream from Keswick Dam, 
as far in advance as possible. A critical element of upper Sacramento River flood operations is 
the local runoff entering the Sacramento River between Keswick Dam and Bend Bridge.  

The unregulated creeks (major creek systems are Cottonwood Creek, Cow Creek, and Battle 
Creek) in this reach of the Sacramento River can be very sensitive to a large rainfall event and 
produce large rates of runoff into the Sacramento River in short time periods. During large 
rainfall and flooding events, the local runoff between Keswick Dam and Bend Bridge can exceed 
100,000 cfs.  

The travel time required for release changes at Keswick Dam to affect Bend Bridge flows is 
approximately 8 to 10 hours. If the total flow at Bend Bridge is projected to exceed 100,000 cfs, 
the release from Keswick Dam is decreased to maintain Bend Bridge flow below 100,000 cfs. As 
the flow at Bend Bridge is projected to recede, the Keswick Dam release is increased to evacuate 
water stored in the flood control space at Shasta Lake. Changes to Keswick Dam releases are 
scheduled to minimize rapid fluctuations in the flow at Bend Bridge. 

The flood control criteria for Keswick releases specify releases should not be increased more 
than 15,000 cfs or decreased more than 4,000 cfs in any 2-hour period. The restriction on the rate 
of decrease is intended to prevent sloughing of saturated downstream channel embankments 
caused by rapid reductions in river stage. In rare instances, the rate of decrease may have to be 
accelerated to avoid exceeding critical flood stages downstream. 
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Fish and Wildlife Requirements in the Sacramento River 

Reclamation operates the Shasta, Sacramento River, and Trinity River divisions of the CVP to 
meet (to the extent possible) the provisions of SWRCB Order 90-05. If Reclamation cannot meet 
the SWRCB order an exception will be requested. An April 5, 1960, MOA between Reclamation 
and the DFG originally established flow objectives in the Sacramento River for the protection 
and preservation of fish and wildlife resources. The agreement provided for minimum releases 
into the natural channel of the Sacramento River at Keswick Dam for normal and critically dry 
years (Table 5). Since October 1981, Keswick Dam has operated based on a minimum release of 
3,250 cfs for normal years from September 1 through the end of February, in accordance with an 
agreement between Reclamation and DFG. This release schedule was included in Order 90-05, 
which maintains a minimum release of 3,250 cfs at Keswick Dam and RBDD from September 
through the end of February in all water years, except critically dry years. 
Table 5  Current minimum flow requirements and objectives (cfs) on the Sacramento River below 
Keswick Dam 

Water year type MOA WR 90-5 
MOA and 
WR 90-5 

Proposed Flow 
Objectives below 

Keswick 

Period Normal Normal Critically dry All 

January 1 - February 28(29) 2600 3250 2000 3250 

March 1 - March 31 2300 2300 2300 3250 

April 1 - April 30 2300 2300 2300 ---* 

May 1 - August 31 2300 2300 2300 ---* 

September 1 - September 30 3900 3250 2800 ---* 

October 1 - November 30 3900 3250 2800 3250 

December 1 - December 31 2600 3250 2000 3250 
Note:   * No regulation. 

 

The 1960 MOA between Reclamation and the DFG provides that releases from Keswick Dam 
(from September 1 through December 31) are made with minimum water level fluctuation or 
change to protect salmon to the extent compatible with other operations requirements. Releases 
from Shasta and Keswick Dams are gradually reduced in September and early October during 
the transition from meeting Delta export and water quality demands to operating the system for 
flood control and fishery concerns from October through December. 

Reclamation proposes a minimum flow of 3,250 cfs from October 1 through March 31 and 
ramping constraints for Keswick release reductions from July 1 through March 31 as follows: 

• Releases must be reduced between sunset and sunrise. 

• When Keswick releases are 6,000 cfs or greater, decreases may not exceed 15 percent per 
night. Decreases also may not exceed 2.5 percent in one hour. 
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• For Keswick releases between 4,000 and 5,999 cfs, decreases may not exceed 200 cfs per 
night. Decreases also may not exceed 100 cfs per hour. 

• For Keswick releases between 3,250 and 3,999 cfs, decreases may not exceed 100 cfs per 
night. 

• Variances to these release requirements are allowed under flood control operations. 

Reclamation usually reduces releases from Keswick Dam to the minimum fishery requirement 
by October 15 each year and to minimize changes in Keswick releases between October 15 and 
December 31. Releases may be increased during this period to meet unexpected downstream 
needs such as higher outflows in the Delta to meet water quality requirements, or to meet flood 
control requirements. Releases from Keswick Dam may be reduced when downstream tributary 
inflows increase to a level that will meet flow needs. Reclamation attempts to establish a base 
flow that minimizes release fluctuations to reduce impacts to fisheries and bank erosion from 
October through December. 

A recent change in agricultural water diversion practices has affected Keswick Dam release rates 
in the fall. This program is generally known as the Rice Straw Decomposition and Waterfowl 
Habitat Program. Historically, the preferred method of clearing fields of rice stubble was to 
systematically burn it. Today, rice field burning has been phased out due to air quality concerns 
and has been replaced by a program of rice field flooding that decomposes rice stubble and 
provides additional waterfowl habitat. The result has been an increase in water demand to flood 
rice fields in October and November, which has increased the need for higher Keswick releases 
in all but the wettest of fall months.  

The changes in agricultural practice over the last decade related to the Rice Straw Decomposition 
and Waterfowl Habitat Program have been incorporated into the systematic modeling of 
agricultural use and hydrology effects as described in the BA.  

Minimum Flow for Navigation – Wilkins Slough 

Historical commerce on the Sacramento River resulted in a CVP authorization to maintain 
minimum flows of 5,000 cfs at Chico Landing to support navigation. Currently, there is no 
commercial traffic between Sacramento and Chico Landing, and the Corps has not dredged this 
reach to preserve channel depths since 1972. However, long-time water users diverting from the 
river have set their pump intakes just below this level. Therefore, the CVP is operated to meet 
the navigation flow requirement of 5,000 cfs to Wilkins Slough, (gauging station on the 
Sacramento River), under all but the most critical water supply conditions, to facilitate pumping 
and use of screened diversions. 

At flows below 5,000 cfs at Wilkins Slough, diverters have reported increased pump cavitation 
as well as greater pumping head requirements. Diverters are able to operate for extended periods 
at flows as low as 4,000 cfs at Wilkins Slough, but pumping operations become severely affected 
and some pumps become inoperable at flows lower than this. Flows may drop as low as 
3,500 cfs for short periods while changes are made in Keswick releases to reach target levels at 
Wilkins Slough, but using the 3,500 cfs rate as a target level for an extended period would have 
major impacts on diverters. 

No criteria have been established specifying when the navigation minimum flow should be 
relaxed. However, the basis for Reclamation’s decision to operate at less than 5,000 cfs is the 
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increased importance of conserving water in storage when water supplies are not sufficient to 
meet full contractual deliveries and other operational requirements. 

Water Temperature Operations in the Upper Sacramento River 

Water temperature in the upper Sacramento River is governed by current water right permit 
requirements. Water temperature on the Sacramento River system is influenced by several 
factors, including the relative water temperatures and ratios of releases from Shasta Dam and 
from the Spring Creek Powerplant. The temperature of water released from Shasta Dam and the 
Spring Creek Powerplant is a function of the reservoir temperature profiles at the discharge 
points at Shasta and Whiskeytown, the depths from which releases are made, the seasonal 
management of the deep cold water reserves, ambient seasonal air temperatures and other 
climatic conditions, tributary accretions and water temperatures, and residence time in Keswick, 
Whiskeytown and Lewiston Reservoirs, and in the Sacramento River. 

SWRCB Water Rights Order 90-05 and Water Rights Order 91-01 

In 1990 and 1991, the SWRCB issued Water Rights Orders 90-05 and 91-01 modifying 
Reclamation’s water rights for the Sacramento River. The orders stated Reclamation shall 
operate Keswick and Shasta Dams and the Spring Creek Powerplant to meet a daily average 
water temperature of 56°F as far downstream in the Sacramento River as practicable during 
periods when higher temperature would be harmful to fisheries.  The optimal control point is the 
RBDD. 

Under the orders, the water temperature compliance point may be modified when the objective 
cannot be met at RBDD. In addition, Order 90-05 modified the minimum flow requirements 
initially established in the 1960 MOA for the Sacramento River below Keswick Dam. The water 
right orders also recommended the construction of a Shasta Temperature Control Device (TCD) 
to improve the management of the limited cold water resources. 

Pursuant to SWRCB Orders 90-05 and 91-01, Reclamation configured and implemented the 
Sacramento-Trinity Water Quality Monitoring Network to monitor temperature and other 
parameters at key locations in the Sacramento and Trinity Rivers. The SWRCB orders also 
required Reclamation to establish the Sacramento River Temperature Task Group (SRTTG) to 
formulate, monitor, and coordinate temperature control plans for the upper Sacramento and 
Trinity Rivers. This group consists of representatives from Reclamation, SWRCB, NMFS, the 
Service, DFG, Western, DWR, and the Hoopa Valley Indian Tribe.  

Each year, with finite cold water resources and competing demands usually an issue, the SRTTG 
will devise operation plans with the flexibility to provide the best protection consistent with the 
CVP’s temperature control capabilities and considering the annual needs and seasonal spawning 
distribution monitoring information for winter-run and fall-run Chinook salmon. In every year 
since the SWRCB issued the orders, those plans have included modifying the RBDD compliance 
point to make best use of the cold water resources based on the location of spawning Chinook 
salmon. Reports are submitted periodically to the SWRCB over the temperature control season 
defining our temperature operation plans. The SWRCB has overall authority to determine if the 
plan is sufficient to meet water right permit requirements. 

Shasta Temperature Control Device 

Construction of the Temperature Control Device (TCD) at Shasta Dam was completed in 1997. 
This device is designed for greater flexibility in managing the cold water reserves in Shasta Lake 
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while enabling hydroelectric power generation to occur and to improve salmon habitat conditions 
in the upper Sacramento River. The TCD is also designed to enable selective release of water 
from varying lake levels through the power plant in order to manage and maintain adequate 
water temperatures in the Sacramento River downstream of Keswick Dam.  

Prior to construction of the Shasta TCD, Reclamation released water from Shasta Dam’s low-
level river outlets to alleviate high water temperatures during critical periods of the spawning and 
incubation life stages of the winter-run Chinook stock. Releases through the low-level outlets 
bypass the power plant and result in a loss of hydroelectric generation at the Shasta Powerplant. 
The release of water through the low-level river outlets was a major facet of Reclamation’s 
efforts to control upper Sacramento River temperatures from 1987 through 1996. 

The seasonal operation of the TCD is generally as follows: during mid-winter and early spring 
the highest elevation gates possible are utilized to draw from the upper portions of the lake to 
conserve deeper colder resources (see Table 6). During late spring and summer, the operators 
begin the seasonal progression of opening deeper gates as Shasta Lake elevation decreases and 
cold water resources are utilized. In late summer and fall, the TCD side gates are opened to 
utilize the remaining cold water resource below the Shasta Powerplant elevation in Shasta Lake. 
Table 6 Shasta Temperature Control Device Gates with Elevation and Storage 

TCD Gates 
Shasta Elevation with 35 feet of 

submergence Shasta Storage 

Upper Gates 1035 ~3.65 MAF 

Middle Gates 935 ~2.50 MAF 

Pressure Relief Gates 840 ~0.67 MAF 

Side Gates 720* ~0.01 MAF 

*  Low Level intake bottom. 

The seasonal progression of the Shasta TCD operation is designed to maximize the conservation 
of cold water resources deep in Shasta Lake, until the time the resource is of greatest 
management value to fishery management purposes. Recent operational experience with the 
Shasta TCD has demonstrated significant operational flexibility improvement for cold water 
conservation and upper Sacramento River water temperature and fishery habitat management 
purposes. Recent operational experience has also demonstrated the Shasta TCD has significant 
leaks that are inherent to TCD design.  

Reclamation’s Proposed Upper Sacramento River Temperature Objectives 

Reclamation will continue a policy of developing annual operations plans and water allocations 
based on a conservative 90 percent exceedance forecast. Reclamation is not proposing a 
minimum end-of-water-year (September 30) carryover storage in Shasta Reservoir.  

In continuing compliance with Water Rights Orders 90-05 and 91-01 requirements, Reclamation 
will implement operations to provide year round temperature protection in the upper Sacramento 
River, consistent with the intent of Order 90-05 that protection be provided to the extent 
controllable. Among factors that affect the extent to which river temperatures will be controllable 
will include Shasta TCD performance, the availability of cold water, the balancing of habitat 
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needs for different species in spring, summer, and fall, and the constraints on operations created 
by the combined effect of the projects and demands assumed to be in place in the future. 

Under all but the most adverse drought and low Shasta Reservoir storage conditions, 
Reclamation proposes to continue operating CVP facilities to provide water temperature control 
at Ball’s Ferry or at locations further downstream (as far as Bend Bridge) based on annual plans 
developed in coordination with the. Reclamation and the SRTTG will take into account 
projections of cold water resources, numbers of expected spawning salmon, and spawning 
distribution (as monitoring information becomes available) to make the decisions on allocation 
of the cold water resources.  

Locating the target temperature compliance at Ball’s Ferry (1) reduces the need to compensate 
for the warming effects of Cottonwood Creek and Battle Creek during the spring runoff months 
with deeper cold water releases and (2) improves the reliability of cold water resources through 
the fall months. Reclamation proposes Sacramento River temperature control point to be 
consistent with the capability of the CVP to manage cold water resources and to use the process 
of annual planning in coordination with the SRTTG to arrive at the best use of that capability. 

Anderson-Cottonwood Irrigation District (ACID) Diversion Dam 

ACID holds senior water rights and has diverted into the ACID Canal for irrigation along the 
west side of the Sacramento River between Redding and Cottonwood since 1916. The United 
States and ACID signed a contract providing for the project water service and agreement on 
diversion of water. ACID diverts to its main canal (on the right bank of the river) from a 
diversion dam located in Redding about five miles downstream from Keswick Dam.  

Close coordination is required between Reclamation and ACID for regulation of river flows to 
ensure safe operation of ACIDs diversion dam during the irrigation season. The irrigation season 
for ACID runs from April through October.  

Keswick release rate decreases required for the ACID operations are limited to 15 percent in a 
24-hour period and 2.5 percent in any one hour. Therefore, advance notification is important 
when scheduling decreases to allow for the installation or removal of the ACID diversion dam.  

Red Bluff Diversion Dam Operations 

The Red Bluff Diversion Dam (RBDD), located on the Sacramento River approximately two 
miles southeast of Red Bluff, is a gated structure with fish ladders at each abutment. When the 
gates are lowered, the impounded water rises about 13 feet, creating Lake Red Bluff and 
allowing gravity diversions through a set of drum fish screens into the stilling basin servicing the 
Tehama-Colusa and Corning canals. Construction of RBDD was completed in 1964. 

The Tehama-Colusa Canal is a lined canal extending 111 miles south from the RBDD and 
provides irrigation service on the west side of the Sacramento Valley in Tehama, Glenn, Colusa, 
and northern Yolo counties. Construction of the Tehama-Colusa Canal began in 1965, and it was 
completed in 1980.  

The Corning Pumping Plant lifts water approximately 56 feet from the screened portion of the 
settling basin into the unlined, 21 mile-long Corning Canal. The Corning Canal was completed in 
1959, to provide water to the CVP contractors in Tehama County that could not be served by 
gravity from the Tehama-Colusa Canal. The Tehama-Colusa Canal Authority (TCCA) operates 
both the Tehama-Colusa and Corning canals. 
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Since 1986, the RBDD gates have been raised during winter months to allow passage of winter-
run Chinook salmon. As documented in the 2004 NMFS biological opinion addressing the long-
term CVP and SWP operations, the gates are raised from approximately September 15 through 
May 14, each year. In the near term, Reclamation proposes the continued operation of the RBDD 
using the eight-month gate-open procedures of the past ten years, and to use the research 
pumping plant to provide water to the canals during times when the gates-out configuration 
precludes gravity diversions during the irrigation season. Additionally, although covered under a 
separate NMFS biological opinion, Reclamation proposes the continued use of rediversions of 
CVP water stored in Black Butte Reservoir to supplement the water pumped at RBDD during the 
gates-out period. This water is rediverted with the aid of temporary gravel berms through an 
unscreened, constant head orifice (CHO) into the Tehama-Colusa Canal.  

In addition to proposing to operate the RBDD with the gates in for 8 months annually to enable 
gravity diversion of water into the Tehama-Colusa Canal, Reclamation proposes retention of the 
provision for a 10-day emergency gate closure, as necessary, contingent upon a case-by-case 
consultation with NMFS. Reclamation most recently coordinated such an emergency gate 
closure with NMFS in the spring of 2007. Around that time, dead green sturgeon were 
discovered in the vicinity of the dam, and Reclamation worked with the other resource agencies 
to review the gate operation protocol to try and reduce future potential adverse affects to adult 
green sturgeon that pass the dam. The resulting, new protocol for all gates in operation is to open 
individual gates to a minimum height of 12 inches to substantially reduce the possibility of injury 
should adult green sturgeon pass beneath the gates. 

American River Division 
Reclamation’s Folsom Lake, the largest reservoir in the watershed, has a capacity of 977,000 af. Folsom 
Dam, located approximately 30 miles upstream from the confluence with the Sacramento River, is 
operated as a major component of the CVP. The American River Division includes facilities that provide 
conservation of water on the American River for flood control, fish and wildlife protection, recreation, 
protection of the Delta from intrusion of saline ocean water, irrigation and M&I water supplies, and 
hydroelectric power generation. Initially authorized features of the American River Division included 
Folsom Dam, Lake, and Powerplant; Nimbus Dam and Powerplant, and Lake Natoma. See map in 
Figure 7. 
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Figure 7 American River System 

 

Table 7 provides Reclamation’s annual water deliveries for the period 2000 through 2006 in the 
American River Division. The totals reveal an increasing trend in water deliveries over that period. 
present level of American River Division water demands at about 325 taf per year. Future level (2030) 
water demands are modeled at near 800 taf per year. The modeled deliveries vary depending on modeled 
annual water allocations. 

 
Table 7 Annual Water Delivery - American River Division 

Year Water Delivery (taf) 

2000 196 

2001 206 

2002 238 

2003 271 

2004 266 

2005 297 

 55



 56

Year Water Delivery (taf) 

2006 282 

 

Releases from Folsom Dam are re-regulated approximately seven miles downstream by Nimbus 
Dam. This facility is also operated by Reclamation as part of the CVP. Nimbus Dam creates 
Lake Natoma, which serves as a forebay for diversions to the Folsom South Canal. This CVP 
facility serves water to M&I users in Sacramento County. Releases from Nimbus Dam to the 
American River pass through the Nimbus Powerplant, or, at flows in excess of 5,000 cfs, the 
spillway gates. 

Although Folsom Lake is the main storage and flood control reservoir on the American River, 
numerous other small reservoirs in the upper basin provide hydroelectric generation and water 
supply. None of the upstream reservoirs have any specific flood control responsibilities. The 
total upstream reservoir storage above Folsom Lake is approximately 820,000 af. Ninety percent 
of this upstream storage is contained by five reservoirs: French Meadows (136,000 af); Hell Hole 
(208,000 af); Loon Lake (76,000 af); Union Valley (271,000 af); and Ice House (46,000 af). 
Reclamation has agreements with the operators of some of these reservoirs to coordinate 
operations for releases. 

French Meadows and Hell Hole reservoirs, located on the Middle Fork of the American River, 
are owned and operated by the Placer County Water Agency (PCWA). The PCWA provides 
wholesale water to agricultural and urban areas within Placer County. For urban areas, the 
PCWA operates water treatment plants and sells wholesale treated water to municipalities that 
provide retail delivery to their customers. The cities of Rocklin and Lincoln receive water from 
the PCWA. Loon Lake (also on the Middle Fork), and Union Valley and Ice House reservoirs on 
the South Fork, are all operated by the Sacramento Municipal Utilities District (SMUD) for 
hydropower purposes. 

Flood Control  

Flood control requirements and regulating criteria are specified by the Corps and described in the 
Folsom Dam and Lake, American River, California Water Control Manual (Corps 1987). Flood 
control objectives for Folsom require the dam and lake are operated to: 

• Protect the City of Sacramento and other areas within the Lower American River 
floodplain against reasonable probable rain floods. 

• Control flows in the American River downstream from Folsom Dam to existing channel 
capacities, insofar as practicable, and to reduce flooding along the lower Sacramento 
River and in the Delta in conjunction with other CVP projects. 

• Provide the maximum amount of water conservation storage without impairing the flood 
control functions of the reservoir. 

• Provide the maximum amount of power practicable and be consistent with required flood 
control operations and the conservation functions of the reservoir. 

From June 1 through September 30, no flood control storage restrictions exist. From October 1 
through November 16 and from April 20 through May 31, reserving storage space for flood 



control is a function of the date only, with full flood reservation space required from November 
17 through February 7. Beginning February 8 and continuing through April 20, flood reservation 
space is a function of both date and current hydrologic conditions in the basin. 

If the inflow into Folsom Reservoir causes the storage to encroach into the space reserved for 
flood control, releases from Nimbus Dam are increased. Flood control regulations prescribe the 
following releases when water is stored within the flood control reservation space: 

• Maximum inflow (after the storage entered into the flood control reservation space) of as 
much as 115,000 cfs, but not less than 20,000 cfs, when inflows are increasing. 

• Releases will not be increased more than 15,000 cfs or decreased more than 10,000 cfs 
during any two-hour period. 

• Flood control requirements override other operational considerations in the fall and 
winter period. Consequently, changes in river releases of short duration may occur.  

In February 1986, the American River Basin experienced a significant flood event. Folsom Dam 
and Reservoir moderated the flood event and performed the flood control objectives, but with 
serious operational strains and concerns in the Lower American River and the overall protection 
of the communities in the floodplain areas. A similar flood event occurred in January 1997. 
Since then, significant review and enhancement of Lower American River flooding issues has 
occurred and continues to occur. A major element of those efforts has been the Sacramento Area 
Flood Control Agency (SAFCA) sponsored flood control plan diagram for Folsom Reservoir. 

Since 1996, Reclamation has operated according to modified flood control criteria, which reserve 
400 to 670 thousand af of flood control space in Folsom and in a combination of three upstream 
reservoirs. This flood control plan, which provides additional protection for the Lower American 
River, is implemented through an agreement between Reclamation and the SAFCA. The terms of 
the agreement allow some of the empty reservoir space in Hell Hole, Union Valley, and French 
Meadows to be treated as if it were available in Folsom.  

The SAFCA release criteria are generally equivalent to the Corps plan, except the SAFCA 
diagram may prescribe flood releases earlier than the Corps plan. The SAFCA diagram also 
relies on Folsom Dam outlet capacity to make the earlier flood releases. The outlet capacity at 
Folsom Dam is currently limited to 32,000 cfs based on lake elevation. However, in general the 
SAFCA plan diagram provides greater flood protection than the existing Corps plan for 
communities in the American River floodplain.  

Required flood control space under the SAFCA diagram will begin to decrease on March 1. 
Between March 1 and April 20, the rate of filling is a function of the date and available upstream 
space. As of April 21, the required flood reservation is about 225,000 af. From April 21 to June 
1, the required flood reservation is a function of the date only, with Folsom storage permitted to 
fill completely on June 1. 

Fish and Wildlife Requirements in the Lower American River 

The minimum allowable flows in the Lower American River are defined by SWRCB Decision 
893 (D-893) which states that, in the interest of fish conservation, releases should not ordinarily 
fall below 250 cfs between January 1 and September 15 or below 500 cfs at other times. D-893 
minimum flows are rarely the controlling objective of CVP operations at Nimbus Dam. Nimbus 
Dam releases are nearly always controlled during significant portions of a water year by either 
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flood control requirements or are coordinated with other CVP and SWP releases to meet 
downstream Sacramento-San Joaquin Delta WQCP requirements and CVP water supply 
objectives. Power regulation and management needs occasionally control Nimbus Dam releases. 
Nimbus Dam releases are expected to exceed the D-893 minimum flows in all but the driest of 
conditions. 

Reclamation continues to work with the Sacramento Water Forum, the Service, NMFS, DFG, 
and other interested parties to intergrate a revised flow management standard for the Lower 
American River into CVP operations and water rights.  This project description and modeling 
assumptions include the operational components of the recommended Lower American River 
flows and is consistent with the proposed flow management standard.  Until this action is 
adopted by the SWRCB, the minimum legally required flows will be defined by D-893. 
However, Reclamation intends to operate to the proposed flow management standard using 
releases of additional water pursuant to Section 3406 (b)(2) of the CVPIA.  Use of additional 
(b)(2) flows above the proposed flow standard is envisioned only on a case-by-case basis.  Such 
additional use of (b)(2) flows would be subject to available resources and such use would be 
coupled with plans to not intentionally cause significantly lower river flows later in a water year.  
This case-by-case use of additional (b)(2) for minimum flows is not included in the modeling 
results. 

Water temperature control operations in the Lower American River are affected by many factors 
and operational tradeoffs. These include available cold water resources, Nimbus release 
schedules, annual hydrology, Folsom power penstock shutter management flexibility, Folsom 
Dam Urban Water Supply TCD management, and Nimbus Hatchery considerations. Shutter and 
TCD management provide the majority of operational flexibility used to control downstream 
temperatures. 

During the late 1960s, Reclamation designed a modification to the trashrack structures to provide 
selective withdrawal capability at Folsom Dam. Folsom Powerplant is located at the foot of 
Folsom Dam on the right abutment. Three 15-foot-diameter steel penstocks for delivering water 
to the turbines are embedded in the concrete section of the dam. The centerline of each penstock 
intake is at elevation 307.0 feet and the minimum power pool elevation is 328.5 feet. A 
reinforced concrete trashrack structure with steel trashracks protects each penstock intake.  

The steel trashracks, located in five bays around each intake, extend the full height of the 
trashrack structure (between 281 and 428 feet). Steel guides were attached to the upstream side 
of the trashrack panels between elevation 281 and 401 feet. Forty-five 13-foot steel shutter 
panels (nine per bay) and operated by the gantry crane, were installed in these guides to select 
the level of withdrawal from the reservoir. The shutter panels are attached to one another, in a 
configuration starting with the top shutter, in groups of three, two, and four.  

Selective withdrawal capability on the Folsom Dam Urban Water Supply Pipeline became 
operational in 2003. The centerline to the 84-inch-diameter Urban Water Supply intake is at 
elevation 317 feet. An enclosure structure extending from just below the water supply intake to 
an elevation of 442 feet was attached to the upstream face of Folsom Dam. A telescoping control 
gate allows for selective withdrawal of water anywhere between 331 and 401 feet elevation 
under normal operations.  
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The current objectives for water temperatures in the Lower American River address the needs for 
steelhead incubation and rearing during the late spring and summer, and for fall–run Chinook 
spawning and incubation starting in late October or early November. 

Establishing the start date requires a balancing between forecasted release rates, the volume of 
available cold water, and the estimated date at which time Folsom Reservoir turns over and 
becomes isothermic. Reclamation will work to provide suitable spawning temperatures as early 
as possible (after November 1) to help avoid temperature related pre-spawning mortality of 
adults and reduced egg viability. Operations will be balanced against the possibility of running 
out of cold water and increasing downstream temperatures after spawning is initiated and 
creating temperature related effects to eggs already in the gravel.  

The cold water resources available in any given year at Folsom Lake needed to meet the stated 
water temperature goals are often insufficient. Only in wetter hydrologic conditions is the 
volume of cold water resources available sufficient to meet all the water temperature objectives. 
Therefore, significant operations tradeoffs and flexibilities are considered part of an annual 
planning process for coordinating an operation strategy that realistically manages the limited 
cold water resources available. Reclamation’s coordination on the planning and management of 
cold water resources is done through the B2IT and ARG groups. 

The management process begins in the spring as Folsom Reservoir fills. All penstock shutters are 
put in the down position to isolate the colder water in the reservoir below an elevation of 401 
feet. The reservoir water surface elevation must be at least 25 feet higher than the sill of the 
upper shutter (426 feet) to avoid cavitation of the power turbines. The earliest this can occur is in 
the month of March, due to the need to maintain flood control space in the reservoir during the 
winter. The pattern of spring run-off is then a significant factor in determining the availability of 
cold water for later use. Folsom inflow temperatures begin to increase and the lake starts to 
stratify as early as April. By the time the reservoir is filled or reaches peak storage (sometime in 
the May through June period), the reservoir is highly stratified with surface waters too warm to 
meet downstream temperature objectives. There are, however, times during the filling process 
when use of the spillway gates can be used to conserve cold water.  

In the spring of 2003, high inflows and encroachment into the allowable storage space for flood 
control required releases that exceeded the available capacity of the power plant. Under these 
conditions, standard operations of Folsom calls for the use of the river outlets that would draw 
upon the cold water pool. Instead, Reclamation reviewed the release requirements, Safety of 
Dams issues, reservoir temperature conditions, and the benefits to the cold water pool and 
determined that it could use the spillway gates to make the incremental releases above 
powerplant capacity, thereby conserving cold water for later use. The ability to take similar 
actions (as needed in the future) will be evaluated on a case-by-case basis.  

The annual temperature management strategy and challenge is to balance conservation of cold 
water for later use in the fall, with the more immediate needs of steelhead during the summer. 
The planning and forecasting process for the use of the cold water pool begins in the spring as 
Folsom Reservoir fills. Actual Folsom Reservoir cold water resource availability becomes 
significantly more defined through the assessment of reservoir water temperature profiles and 
more definite projections of inflows and storage. Technical modeling analysis begins in the 
spring for the projected Lower American River water temperature management plan. The 
significant variables and key assumptions in the analysis include: 
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• Starting reservoir temperature conditions 

• Forecasted inflow and outflow quantities 

• Assumed meteorological conditions 

• Assumed inflow temperatures 

• Assumed Urban Water Supply TCD operations 

A series of shutter management scenarios are then incorporated into the model to gain a better 
understanding of the potential for meeting both summer steelhead and fall salmon temperature 
needs. Most annual strategies contain significant tradeoffs and risks for water temperature 
management for steelhead and fall–run salmon goals and needs due to the frequently limited cold 
water resource. The planning process continues throughout the summer. New temperature 
forecasts and operational strategies are updated as more information on actual operations and 
ambient conditions is gained. This process is shared with the American River Group (ARG). 

Meeting both the summer steelhead and fall salmon temperature objectives without negatively 
impacting other CVP project purposes requires the final shutter pull be reserved for use in the 
fall to provide suitable fall-run Chinook salmon spawning temperatures. In most years, the 
volume of cold water is not sufficient to support strict compliance with the summer temperature 
target at the downstream end of the compliance reach (Watt Avenue Bridge) while at the same 
time reserving the final shutter pull for salmon, or in some cases, continue to meet steelhead 
objectives later in the summer. A strategy that is used under these conditions is to allow the 
annual compliance location water temperatures to warm towards the upper end of the annual 
water temperature design value before making a shutter pull. This management flexibility is 
essential to the annual management strategy to extend the effectiveness of cold water 
management through the summer and fall months.  

The Urban Water Supply TCD has provided additional flexibility to conserve cold water for later 
use. Initial studies are being conducted evaluating the impact of warmer water deliveries to the 
water treatment plants receiving the water. It is expected that the TCD will be operated during 
the summer months and deliver water that is slightly warmer than that which could be used to 
meet downstream temperatures (60°F to 62°F), but not so warm as to cause significant treatment 
issues.  

Water temperatures feeding the Nimbus Fish Hatchery were historically too high for hatchery 
operations during some dry or critical years. Temperatures in the Nimbus Hatchery are generally 
in the desirable range of 42°F to 55°F, except for the months of June, July, August, and 
September. When temperatures get above 60°F during these months, the hatchery must begin to 
treat the fish with chemicals to prevent disease. When temperatures reach the 60°F to 70°F 
range, treatment becomes difficult and conditions become increasingly dangerous for the fish. 
When temperatures climb into the 60°F to 70°F range, hatchery personnel with Reclamation to 
determine a compromise operation of the temperature shutter at Folsom Dam for the release of 
cooler water.  

Reclamation operates Nimbus to maintain the health of the hatchery fish while minimizing the 
loss of the cold water pool for fish spawning in the river during fall. This is done on a case-by-
case basis and is different in various months and year types. Temperatures above 70°F in the 
hatchery usually mean the fish need to be moved to another hatchery. The real time 
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implementation of CVPIA AFRP objective flows and meeting SWRCB D-1641 Delta standards 
with the limited water resources of the Lower American River requires a significant coordination 
effort to manage the cold water resources at Folsom Lake. Reclamation consults with the the 
Service, NMFS, and DFG through B2IT when these types of difficult decisions are needed. In 
addition, Reclamation communicates with ARG on real time data and operational trade offs. 

A fish diversion weir at the hatcheries blocks Chinook salmon from continuing upstream and 
guides them to the hatchery fish ladder entrance. The fish diversion weir consists of eight piers 
on 30-foot spacing, including two riverbank abutments. Fish rack support frames and walkways 
are installed each fall via an overhead cable system. A pipe rack is then put in place to support 
the pipe pickets (¾-inch steel rods spaced on 2½-inch centers). The pipe rack rests on a 
submerged steel I-beam support frame that extends between the piers and forms the upper 
support structure for a rock filled crib foundation. The rock foundation has deteriorated with age 
and is subject to annual scour which can leave holes in the foundation that allow fish to pass if 
left unattended. 

Fish rack supports and pickets are installed around September 15, of each year and correspond 
with the beginning of the fall-run Chinook salmon spawning season. A release equal to or less 
than 1,500 cfs from Nimbus Dam is required for safety and to provide full access to the fish rack 
supports. It takes six people approximately three days to install the fish rack supports and 
pickets. In years after high winter flows have caused active scour of the rock foundation, a short 
period (less than eight hours) of lower flow (approximately 500 cfs) is needed to remove debris 
from the I-beam support frames, seat the pipe racks, and fill holes in the rock foundation. 
Compete installation can take up to seven days, but is generally completed in less time. The fish 
rack supports and pickets are usually removed at the end of fall-run Chinook salmon spawning 
season (mid-January) when flows are less than 2,000 cfs. If Nimbus Dam releases are expected 
to exceed 5,000 cfs during the operational period, the pipe pickets are removed until flows 
decrease.  

Delta Division and West San Joaquin Division 
CVP Facilities  

The CVP’s Delta Division includes the Delta Cross Channel (DCC), the Contra Costa Canal and 
Pumping Plants, Contra Loma Dam, Martinez Dam, the Jones Pumping Plant, the Tracy Fish 
Collection Facility (TFCF), and the Delta Mendota Canal (DMC). The DCC is a controlled 
diversion channel between the Sacramento River and Snodgrass Slough. The Contra Costa Water 
District (CCWD) diversion facilities use CVP water resources to serve district customers directly 
and to operate CCWD’s Los Vaqueros Project. The Jones Pumping Plant diverts water from the 
Delta to the head of the DMC. See map in Figure 8. 
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Figure 8 Bay Delta System 
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Delta Cross Channel Operations 

The DCC is a gated diversion channel in the Sacramento River near Walnut Grove and 
Snodgrass Slough. Flows into the DCC from the Sacramento River are controlled by two 60-foot 
by 30-foot radial gates. When the gates are open, water flows from the Sacramento River 
through the cross channel to channels of the lower Mokelumne and San Joaquin Rivers toward 
the interior Delta. The DCC operation improves water quality in the interior Delta by improving 
circulation patterns of good quality water from the Sacramento River towards Delta diversion 
facilities. 

Reclamation operates the DCC in the open position to (1) improve the transfer of water from the 
Sacramento River to the export facilities at the Banks and Jones Pumping Plants, (2) improve 
water quality in the southern Delta, and (3) reduce salt water intrusion rates in the western Delta. 
During the late fall, winter, and spring, the gates are often periodically closed to protect 
out-migrating salmonids from entering the interior Delta. In addition, whenever flows in the 
Sacramento River at Sacramento reach 20,000 to 25,000 cfs (on a sustained basis) the gates are 
closed to reduce potential scouring and flooding that might occur in the channels on the 
downstream side of the gates.  

Flow rates through the gates are determined by Sacramento River stage and are not affected by 
export rates in the south Delta. The DCC also serves as a link between the Mokelumne River and 
the Sacramento River for small craft, and is used extensively by recreational boaters and 
fishermen whenever it is open.  

SWRCB D-1641 DCC standards provide for closure of the DCC gates for fisheries protection at 
certain times of the year. From November through January, the DCC may be closed for up to 
45 days for fishery protection purposes. From February 1 through May 20, the gates are closed 
for fishery protection purposes. The gates may also be closed for 14 days for fishery protection 
purposes during the May 21 through June 15 time period. Reclamation determines the timing and 
duration of the closures after discussion with the Service, DFG, and NMFS. These discussions 
will occur through WOMT.   

WOMT typically relies on monitoring for fish presence and movement in the Sacramento River 
and Delta, the salvage of salmon at the Tracy and Skinner facilities, and hydrologic cues when 
considering the timing of DCC closures. However, the overriding factors are current water 
quality conditions in the interior and western Delta. From mid-June to November, Reclamation 
usually keeps the gates open on a continuous basis. The DCC is also usually opened for the busy 
recreational Memorial Day weekend, if this is possible from a fishery, water quality, and flow 
standpoint. 

The Salmon Decision Process (as provided in the BA) includes “Indicators of Sensitive Periods 
for Salmon” such as hydrologic changes, detection of spring-run salmon or spring-run salmon 
surrogates at monitoring sites or the salvage facilities, and turbidity increases at monitoring sites 
to trigger the Salmon Decision Process. 

The Salmon Decision Process is used by NMFS, DFG, the Service and Reclamation  to facilitate 
the often complex coordination issues surrounding DCC gate operations and the purposes of 
fishery protection closures, Delta water quality, and/or export reductions. Inputs such as fish 
lifestage and size development, current hydrologic events, fish indicators (such as the Knight’s 
Landing Catch Index and Sacramento Catch Index), and salvage at the export facilities, as well 
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as current and projected Delta water quality conditions, are used to determine potential DCC 
closures and/or export reductions.  

Jones Pumping Plant 

The CVP and SWP use the Sacramento River, San Joaquin River, and Delta channels to 
transport water to export pumping plants located in the south Delta. The CVP’s Jones Pumping 
Plant, about five miles north of Tracy, consists of six available pumps. The Jones Pumping Plant 
is located at the end of an earth-lined intake channel about 2.5 miles in length. At the head of the 
intake channel, louver screens (that are part of the TFCF) intercept fish, which are then collected, 
held, and transported by tanker truck to release sites far away from the pumping plants.  

Jones Pumping Plant has a permitted diversion capacity of 4,600 cfs with maximum pumping 
rates typically ranging from 4500 to 4300 cfs during the peak of the irrigation season and 
approximately 4,200 cfs during the winter non-irrigation season until construction and full 
operation of the proposed DMC/California Aquaduct Intertie, described on page 127. The 
winter-time constraints at the Jones Pumping Plant are the result of a DMC freeboard 
constriction near O’Neill Forebay, O’Neill Pumping Plant capacity, and the current water 
demand in the upper sections of the DMC. 

Tracy Fish Collection Facility  

The TFCF is located in the south-west portion of the Sacramento-San Joaquin Delta and uses 
behavioral barriers consisting of primary and secondary louvers as illustrated in Figure 9, to 
guide entrained fish into holding tanks before transport by truck to release sites within the Delta. 
The original design of the TFCF focused on smaller fish (<200 mm) that would have difficulty 
fighting the strong pumping plant induced flows since the intake is essentially open to the Delta 
and also impacted by tidal action. 

 

 64



 
Figure 9  Tracy Fish Collection Facility Diagram 

The primary louvers are located in the primary channel just downstream of the trashrack 
structure. The secondary louvers are located in the secondary channel just downstream of the 
traveling water screen. The louvers allow water to pass through onto the pumping plant but the 
openings between the slats are tight enough and angled against the flow of water such a way as 
to prevent most fish from passing between them and instead enter one of four bypass entrances 
along the louver arrays. 

There are approximately 52 different species of fish entrained into the TFCF per year; however, 
the total numbers are significantly different for the various species salvaged. Also, it is difficult 
if not impossible to determine exactly how many safely make it all the way to the collection 
tanks awaiting transport back to the Delta. Hauling trucks used to transport salvaged fish to 
release sites inject oxygen and contain an eight parts per thousand salt solution to reduce stress. 
The CVP uses two release sites, one on the Sacramento River near Horseshoe Bend and the other 
on the San Joaquin River immediately upstream of the Antioch Bridge. During a facility 
inspection a few years ago, TFCF personnel noticed significant decay of the transition boxes and 
conduits between the primary and secondary louvers. The temporary rehabilitation of these 
transition boxes and conduits was performed during the fall and winter of 2002. Extensive 
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rehabilitation of the transition boxes and conduits was completed during the San Joaquin pulse 
period of 2004. 

When south Delta hydraulic conditions allow, and within the original design criteria for the 
TFCF, the louvers are operated with the D-1485 and the following water velocities: for striped 
bass of approximately 1 foot per second (ft/s) from May 15 through October 31, and for salmon 
of approximately 3 ft/s from November 1 through May 14. Channel velocity criteria are a 
function of bypass ratios through the facility. Due to changes in south Delta hydrology over the 
past fifty years, the present-day TFCF is able to meet these conditions approximately 55 percent 
of the time. 

Fish passing through the facility will be sampled at intervals of no less than 20 minutes every 
2 hours when listed fish are present, generally December through June. When fish are not 
present, sampling intervals will be 10 minutes every 2 hours. Fish observed during sampling 
intervals are identified to species, measured to fork length, examined for marks or tags, and 
placed in the collection facilities for transport by tanker truck to the release sites in the North 
Delta away from the pumps. In addition, Reclamation will monitor for the presence of spent 
female delta smelt in anticipation of expanding the salvage operations to include sub 20 mm 
larval delta smelt detection.  

DFG is leading studies to look at fish survival during the Collection, Handling, Transportation 
and Release (CHTR) process examining delta smelt injury, stress, survival, and predation.  Thus 
far they have presented initial findings at various interagency meetings (IEP, CVFFRT, and 
AFS) showing relatively high survival and low injury. Final reports are forthcoming and should 
be finished within the next year.  DWR has concurrently been conducting focused studies 
examining the release phase of the salvage process including a study examining predation at the 
point of release and a study examining injury and survival of delta smelt and chinook salmon 
through the release pipe. Data analyses for these studies are ongoing and reports should be 
available in early 2009.  Based on these studies, improvements to release operations and/or 
facilities studies are being implemented. There does not appear to be any previously generated 
information on present day efficiencies other than some very limited Tracy Research work for 
salmon that needs to be redone. The last efficiency and survival studies were the original studies 
when they were designing and testing the louver concept back in the 1950s/1960s. DFG and 
USFWS (Jerry Morinaka and Gonzalo Castillo, PI’s) have recently begun a 3 year study 
examining pre-screen loss and facility/louver efficiency for juvenile and adult delta smelt at the 
skinner fish facility.  DWR has also conducted pre-screen loss and facility efficiency studies for 
steelhead with a final report due for publication in the early fall 2008. 

Contra Costa Water District Diversion Facilities 

CCWD diverts water from the Delta for irrigation and M&I uses under CVP contract; under its 
own permit and license at Mallard Slough; and under its own Los Vaqueros water right permit at 
Old River near State Route 4.  CCWD’s system includes intake facilities at Mallard Slough, 
Rock Slough, and Old River near State Route 4; the Contra Costa Canal and shortcut pipeline; 
and the Los Vaqueros Reservoir.  CCWD will be adding a fourth diversion point on Victoria 
Canal (the Alternative Intake Project, described below) to help meet its water quality goals.  The 
Rock Slough intake facilities, the Contra Costa Canal, and the shortcut pipeline are owned by 
Reclamation, and operated and maintained by CCWD under contract with Reclamation.  Mallard 
Slough Intake, Old River Intake and Los Vaqueros Reservoir are owned and operated by CCWD. 
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The Mallard Slough Intake is located at the southern end of a 3,000-foot-long channel running 
due south from Suisun Bay, near Mallard Slough (across from Chipps Island). The Mallard 
Slough Pump Station was refurbished in 2002, which included constructing a positive barrier fish 
screen at this intake.  The Mallard Slough Intake can pump up to 39.3 cfs.  CCWD’s d permit 
issued by the SWRCB authorizes diversions of up to 26,780 acre-feet per year at Mallard 
Slough.  However, this intake is rarely used due to the generally high salinity at this location.  
Pumping at the Mallard Slough Intake since 1993 has on average accounted for about 3% of 
CCWD’s total diversions.  When CCWD diverts water at the Mallard Slough Intake, CCWD 
reduces pumping of CVP water at its other intakes, primarily at the Rock Slough Intake.   

The Rock Slough Intake is located about four miles southeast of Oakley, where water flows 
through a trash rack into the earth-lined portion of the Contra Costa Canal.  This section of the 
canal is open to tidal influence and continues for four miles to Pumping Plant 1, which has 
capacity to pump up to 350 cfs into the concrete-lined portion of the canal.  Prior to completion 
of the Los Vaqueros Project in 1997, this was CCWD’s primary diversion point.  Pumping Plant 
1 is not screened; Reclamation, in collaboration with CCWD, is responsible for constructing a 
fish screen as authorized by CVPIA and required by the 1993 Service BO for the Los Vaqueros 
Project.  Reclamation has received an extension on fish screen construction until December 
2008, and is preparing to request a further extension until 2013 because the requirements for 
screen design will change when CCWD completes the Contra Costa Canal Replacement Project, 
which will replace the earth-lined section of canal from Rock Slough to Pumping Plant #1 with a 
pipeline.  When completed, the Canal Replacement project will eliminate tidal flows into the 
Canal intake section and should significantly reduce entrainment impacts and improve the 
feasibility of screening Rock Slough. Typically, CCWD diverts about 17% of its total supply 
through the Rock Slough intake.   

Construction of the Old River Intake was completed in 1997 as a part of the Los Vaqueros 
Project.  The Old River Intake is located on Old River near State Route 4.  It has a positive-
barrier fish screen and a pumping capacity of 250 cfs, and can pump water via pipeline either to 
the Contra Costa Canal or to Los Vaqueros Reservoir.  Pumping to storage in Los Vaqueros 
Reservoir is limited to 200 cfs by the terms of the Los Vaqueros Project biological opinions and 
by D-1629, the State Board water right decision for the Project.  Typically, CCWD diverts about 
80% of its total supply through the Old River Intake. 

As described above, the first four miles of the Contra Costa Canal is earth-lined; after Pumping 
Plant 1, the Contra Costa Canal is concrete-lined and continues for 44 miles to its termination 
point in Martinez Reservoir.  Pumping Plants 1 through 4 lift the water to an elevation of 127 
feet. A blending facility just downstream of Pumping Plant 4 allows water from the Los 
Vaqueros Project pipeline and water from the Contra Costa Canal to mix to maintain CCWD’s 
delivered water quality goals for salinity.  Canal capacity is 350 cfs at this blending facility and 
decreases to 22 cfs at the terminus at Martinez Reservoir, which provides flow regulation.  The 
Contra Loma Reservoir is connected to the Canal and provides flow regulation and emergency 
storage.  Two short canals, Clayton Canal and Ygnacio Canal, are integrated into the distribution 
system. The Clayton Canal is no longer in service. 

Los Vaqueros Reservoir is an off-stream reservoir with a capacity of 100 thousand acre-feet 
(TAF).  Construction was completed and filling started in 1998 as part of the Los Vaqueros 
Project to improve delivered water quality and emergency storage reliability for CCWD’s 
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customers.  Releases from Los Vaqueros Reservoir are conveyed to the Contra Costa Canal via a 
pipeline. 

CCWD diverts approximately 127 TAF per year in total, of which approximately 110 TAF is 
CVP contract supply.  In winter and spring months when the Delta is relatively fresh (generally 
January through July), demand is supplied by direct diversion from the Delta.  In addition, when 
salinity is low enough, Los Vaqueros Reservoir is filled at a rate of up to 200 cfs from the Old 
River Intake.  However, the biological opinions for the Los Vaqueros Project and the Alternative 
Intake Project, CCWD’s memorandum of understanding with the DFG, and SWRCB D-1629 of 
the State Water Resources Control Board include fisheries protection measures consisting of a 
75-day period during which CCWD does not fill Los Vaqueros Reservoir and a concurrent 30-
day period during which CCWD halts all diversions from the Delta, provided that Los Vaqueros 
Reservoir storage is above emergency levels.  The default dates for the no-fill and no-diversion 
periods are March 15 through May 31 and April 1 through April 30, respectively; the Service, 
NMFS and DFG can change these dates to best protect the subject species.  During the no-
diversion period, CCWD customer demand is met by releases from Los Vaqueros Reservoir.  In 
addition to the existing 75-day no-fill period (March 15-May 31) and the concurrent no-diversion 
30-day period , beginning in the February following the first operation of the Alternative Intake 
Project, CCWD shall not divert water to storage in Los Vaqueros Reservoir for 15 days from 
February 14 through February 28, provided that reservoir storage is at or above 90 TAF on 
February 1; if reservoir storage is at or above 80 TAF on February 1 but below 90 TAF, CCWD 
shall not divert water to storage in Los Vaqueros Reservoir for 10 days from February 19 
through February 28; if reservoir storage is at or above 70 TAF on Feb 1, but below 80 TAF 
CCWD shall not divert water to storage in Los Vaqueros Reservoir for 5 days from February 24 
through February 28. 

In the late summer and fall months, CCWD releases water from Los Vaqueros Reservoir to blend 
with higher-salinity direct diversions from the Delta to meet CCWD water quality goals.   

Water Demands—Delta Mendota Canal (DMC) and San Luis Unit  

Water demands for the DMC and San Luis Unit are primarily composed of three separate types: 
CVP water service contractors, exchange contractors, and wildlife refuge contractors. A 
significantly different relationship exists between Reclamation and each of these three groups. 
Exchange contractors “exchanged” their senior rights to water in the San Joaquin River for a 
CVP water supply from the Delta. Reclamation thus guaranteed the exchange contractors a firm 
water supply of 840,000 af per annum, with a maximum reduction under the Shasta critical year 
criteria to an annual water supply of 650,000 af. 

Conversely, water service contractors did not have water rights. Agricultural water service 
contractors also receive their supply from the Delta, but their supplies are subject to the 
availability of CVP water supplies that can be developed and reductions in contractual supply 
can exceed 25 percent. Wildlife refuge contractors provide water supplies to specific managed 
lands for wildlife purposes and the CVP contract water supply can be reduced under critically 
dry conditions up to 25 percent. 

To achieve the best operation of the CVP, it is necessary to combine the contractual demands of 
these three types of contractors to achieve an overall pattern of requests for water. In most years 
sufficient supplies are not available to meet all water demands because of reductions in CVP 
water supplies which are due to restricted Delta pumping capability. In some dry or critically dry 
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years, water deliveries are limited because there is insufficient storage in northern CVP 
reservoirs to meet all in-stream fishery objectives including water temperatures, and to make 
additional water deliveries via the Jones Pumping Plant. The scheduling of water demands, 
together with the scheduling of the releases of water supplies from the northern CVP to meet 
those demands, is a CVP operational objective that is intertwined with the Trinity, Sacramento, 
and American River operations. 

East Side Division 
New Melones Operations  

The Stanislaus River originates in the western slopes of the Sierra Nevada and drains a 
watershed of approximately 900 square miles. The average unimpaired runoff in the basin is 
approximately 1.2 maf per year; the median historical unimpaired runoff is 1.1 maf per year. 
Snowmelt contributes the largest portion of the flows in the Stanislaus River, with the highest 
runoff occurring in the months of April, May, and June. See map in Figure 10. 

 
Figure 10 East Side System 

Currently, the flow in the lower Stanislaus River is primarily controlled by New Melones 
Reservoir, which has a storage capacity of about 2.4 maf. The reservoir was completed by the 
Corps in 1978 and approved for filling in 1983. New Melones Reservoir is located 
approximately 60 miles upstream from the confluence of the Stanislaus River and the San 
Joaquin River and is operated by Reclamation. Congressional authorization for New Melones 
integrates New Melones Reservoir as a financial component of the CVP, but it is authorized to 
provide water supply benefits within the defined Stanislaus Basin per the 1980 ROD before 
additional water supplies can be used out of the defined Stanislaus Basin.  
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New Melones Reservoir is operated primarily for purposes of water supply, flood control, power 
generation, fishery enhancement, and water quality improvement in the lower San Joaquin River. 
The reservoir and river also provide recreation benefits. Flood control operations are conducted 
in conformance with the Corps’s operational guidelines.  

Another major water storage project in the Stanislaus River watershed is the Tri-Dam Project, a 
power generation project that consists of Donnells and Beardsley Dams, located upstream of 
New Melones Reservoir on the middle fork Stanislaus River, and Tulloch Dam and Powerplant, 
located approximately 6 miles downstream of New Melones Dam on the main stem Stanislaus 
River. New Spicer Reservoir on the north fork of the Stanislaus River has a storage capacity of 
189,000 af and is used for power generation. 

Releases from Donnells and Beardsley Dams affect inflows to New Melones Reservoir. Under 
contractual agreements between Reclamation, the Oakdale Irrigation District (OID), and South 
San Joaquin Irrigation District (SSJID), Tulloch Reservoir provides afterbay storage to re-
regulate power releases from New Melones Powerplant. The main water diversion point on the 
Stanislaus River is Goodwin Dam, located approximately 1.9 miles downstream of Tulloch Dam.  

Goodwin Dam, constructed by OID and SSJID in 1912, creates a re-regulating reservoir for 
releases from Tulloch Powerplant and provides for diversions to canals north and south of the 
Stanislaus River for delivery to OID and SSJID. Water impounded behind Goodwin Dam may 
be pumped into the Goodwin Tunnel for deliveries to the Central San Joaquin Water 
Conservation District and the Stockton East Water District.  

Twenty ungaged tributaries contribute flow to the lower portion of the Stanislaus River, below 
Goodwin Dam. These streams provide intermittent flows, occurring primarily during the months 
of November through April. Agricultural return flows, as well as operational spills from 
irrigation canals receiving water from both the Stanislaus and Tuolumne Rivers, enter the lower 
portion of the Stanislaus River. In addition, a portion of the flow in the lower reach of the 
Stanislaus River originates from groundwater accretions. 

Flood Control 

The New Melones Reservoir flood control operation is coordinated with the operation of Tulloch 
Reservoir. The flood control objective is to maintain flood flows at the Orange Blossom Bridge 
at less than 8,000 cfs. When possible, however, releases from Tulloch Dam are maintained at 
levels that would not result in downstream flows in excess of 1,250 cfs to 1,500 cfs because of 
seepage problems in agricultural lands adjoining the river associated with flows above this level. 
Up to 450,000 af of the 2.4 maf storage volume in New Melones Reservoir is dedicated for flood 
control and 10,000 af of Tulloch Reservoir storage is set aside for flood control. Based upon the 
flood control diagrams prepared by the Corps, part or all of the dedicated flood control storage 
may be used for conservation storage, depending on the time of year and the current flood 
hazard. 

Requirements for New Melones Operations 

The operating criteria for New Melones Reservoir are affected by (1) water rights, (2) in-stream 
fish and wildlife flow requirements (3) SWRCB D-1641 Vernalis water quality requirements, (4) 
dissolved oxygen (DO) requirements on the Stanislaus River, (5) SWRCB D-1641 Vernalis flow 
requirements, (6) CVP contracts, and (7) flood control considerations. Water released from New 
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Melones Dam and Powerplant is re-regulated at Tulloch Reservoir and is either diverted at 
Goodwin Dam or released from Goodwin Dam to the lower Stanislaus River. 

Flows in the lower Stanislaus River serve multiple purposes concurrently. The purposes include 
water supply for riparian water right holders, fishery management objectives, and DO 
requirements per SWRCB D-1422. In addition, water from the Stanislaus River enters the San 
Joaquin River where it contributes to flow and helps improve water quality conditions at 
Vernalis. D-1422, issued in 1973, provided the primary operational criteria for New Melones 
Reservoir and permitted Reclamation to appropriate water from the Stanislaus River for 
irrigation and M&I uses. D-1422 requires the operation of New Melones Reservoir include 
releases for existing water rights, fish and wildlife enhancement, and the maintenance of water 
quality conditions on the Stanislaus and San Joaquin Rivers. 

Water Rights Obligations 

When Reclamation began operations of New Melones Reservoir in 1980, the obligations for 
releases (to meet downstream water rights) were defined in a 1972 Agreement and Stipulation 
among Reclamation, OID, and SSJID. The 1972 Agreement and Stipulation required 
Reclamation release annual inflows to New Melones Reservoir of up to 654,000 af per year for 
diversion at Goodwin Dam by OID and SSJID, in recognition of their prior water rights. Actual 
historical diversions prior to 1972 varied considerably, depending upon hydrologic conditions. In 
addition to releases for diversion by OID and SSJID, water is released from New Melones 
Reservoir to satisfy riparian water rights totaling approximately 48,000 af annually downstream 
of Goodwin Dam. 

In 1988, following a year of low inflow to New Melones Reservoir, the Agreement and 
Stipulation among Reclamation, OID, and SSJID was superseded by an agreement that provided 
for conservation storage by OID and SSJID. The new agreement required Reclamation to release 
New Melones Reservoir inflows of up to 600,000 af each year for diversion at Goodwin Dam by 
OID and SSJID.  

In years when annual inflows to New Melones Reservoir are less than 600,000 af, Reclamation 
provides all inflows plus one-third the difference between the inflow for that year and 600,000 af 
per year. The 1988 Agreement and Stipulation created a conservation account in which the 
difference between the entitled quantity and the actual quantity diverted by OID and SSJID in a 
year may be stored in New Melones Reservoir for use in subsequent years. This conservation 
account has a maximum storage limit of 200,000 af, and withdrawals are constrained by criteria 
in the agreement. 

In-stream Flow Requirements 

Under D-1422, Reclamation is required to release 98,000 af of water per year, with a reduction 
to 69,000 af in critical years, from New Melones Reservoir to the Stanislaus River on a 
distribution pattern to be specified each year by DFG for fish and wildlife purposes. In 1987, an 
agreement between Reclamation and DFG provided for increased releases from New Melones to 
enhance fishery resources for an interim period, during which habitat requirements were to be 
better defined and a study of Chinook salmon fisheries on the Stanislaus River would be 
completed.  

During the study period, releases for in-stream flows would range from 98,300 to 302,100 af per 
year. The exact quantity to be released each year was to be determined based on a formulation 
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involving storage, projected inflows, projected water supply, water quality demands, projected 
CVP contractor demands, and target carryover storage. Because of dry hydrologic conditions 
during the 1987 to 1992 drought period, the ability to provide increased releases was limited. 
The Service published the results of a 1993 study, which recommended a minimum in-stream 
flow on the Stanislaus River of 155,700 af per year for spawning and rearing . 

Dissolved Oxygen Requirements 

SWRCB D-1422 requires that water be released from New Melones Reservoir to maintain DO 
standards in the Stanislaus River. The 1995 revision to the WQCP established a minimum DO 
concentration of 7 milligrams per liter (mg/L), as measured on the Stanislaus River near Ripon. .  

Vernalis Water Quality Requirement 

SWRCB D-1422 also specifies that New Melones Reservoir must operate to maintain average 
monthly level total dissolved solids (TDS), commonly measured as a conversion from electrical 
conductivity, in the San Joaquin River at Vernalis as it enters the Delta. SWRCB D-1422 
specifies an average monthly concentration of 500 parts per million (ppm) TDS for all months. 
Historically, releases were made from New Melones Reservoir for this standard, but due to 
shortages in water supply and high concentrations of TDS upstream of the confluence of the 
Stanislaus River, the D-1422 standard was not always met during the 1987-1992 drought. 
Reclamation has always met the D-1641 standard since 1995. 

In the past, when sufficient supplies were not available to meet the water quality standards for 
the entire year, the emphasis for use of the available water was during the irrigation season, 
generally from April through September. SWRCB D-1641 modified the water quality objectives 
at Vernalis to include the irrigation and non-irrigation season objectives contained in the 1995 
Bay-Delta WQCP. The revised standard is an average monthly electric conductivity 0.7 
milliSiemens per centimeter (mS/cm) (approximately 455 ppm TDS) during the months of April 
through August, and 1.0 mS/cm (approximately 650 ppm TDS) during the months of September 
through March. 

Bay-Delta Vernalis Flow Requirements 

SWRCB D-1641 sets flow requirements on the San Joaquin River at Vernalis from February to 
June. These flows are commonly known as San Joaquin River base flows.  
Table 8 San Joaquin base flows-Vernalis 

Water Year Class February-June Flow (cfs)* 

Critical 710-1140 
Dry 1420-2280 

Below Normal 1420-2280 
Above Normal 2130-3420 

Wet 2130-3420 

*the higher flow required when X2 is required to be at or west of Chipps Island 

 

Since D-1641 has been in place, the San Joaquin base flow requirements have at times, been an 
additional demand on the New Melones water supply beyond that provided for in the Interim 
Plan of Operation (IPO). 
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CVP Contracts 

Reclamation entered into water service contracts for the delivery of water from New Melones 
Reservoir, based on a 1980 hydrologic evaluation of the long-term availability of water in the 
Stanislaus River Basin. Based on this study, Reclamation entered into a long-term water service 
contract for up to 49,000 af per year of water annually (based on a firm water supply), and two 
long-term water service contracts totaling 106,000 af per year (based on an interim water 
supply). Water deliveries under these contracts were not immediately available prior to 1992 for 
two reasons: 1) new diversion facilities were required to be constructed and prior to 1992 were 
not yet fully operational; and 2) water supplies were severely limited during the 1987 to 1992 
drought. 

New Melones Operations  

Since 1997, the New Melones IPO has guided CVP operations on the Stanislaus River. The IPO 
was developed as a joint effort between Reclamation and the Service, in conjunction with the 
Stanislaus River Basin Stakeholders (SRBS). The process of developing the plan began in 1995 
with a goal to develop a long-term management plan with clear operating criteria, given a 
fundamental recognition by all parties that New Melones Reservoir water supplies are over-
committed on a long-term basis, and consequently, unable to meet all the potential beneficial 
uses designated as purposes. Reclamation will continue to use the interim plan. 

The IPO defines categories of water supply based on storage and projected inflow. It then 
allocates annual water quantities for in-stream fishery enhancement (1987 DFG Agreement and 
CVPIA Section 3406(b)(2) management), SWRCB D-1641 San Joaquin River water quality 
requirements (Water Quality), SWRCB D-1641 Vernalis flow requirements (Bay-Delta), and use 
by CVP contractors.  
Table 9  Inflow characterization for the New Melones IPO 

Annual water supply category 
March-September forecasted inflow plus end of 

February storage (thousand af) 

Low 0 – 1400 

Medium-low 1400 – 2000 

Medium 2000 – 2500 

Medium-high 2500 – 3000 

High 3000 – 6000 

 
Table 10  New Melones IPO flow objectives (in thousand af) 

Storage 
plus inflow Fishery 

Vernalis 
water quality Bay-Delta 

CVP 
contractors 

From To From To From To From To From To 

1400 2000 98 125 70 80 0 0 0 0 

2000 2500 125 345 80 175 0 0 0 59 

2500 3000 345 467 175 250 75 75 90 90 
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3000 6000 467 467 250 250 75 75 90 90 

 

when the water supply condition is determined to be in the “Low” IPO designation, the IPO 
proposes no operations guidance. In this case, Reclamation would meet with the SRBS group to 
coordinate a practical strategy to guide annual New Melones Reservoir operations under this 
very limited water supply condition.  In addition, the IPO is limited in its ability to fully provide 
for the D-1641 Vernalis salinity and base flow objectives using Stanislaus River flows in all year 
types.  If the Vernalis salinity standard cannot be met using the IPO designated Goodwin release 
pattern, then an additional volume of water is dedicated to meet the salinity standard. This permit 
obligation is met before an allocation is made to CVPIA (b)(2) uses or CVP Eastside contracts. 
 
CVPIA Section 3406 (b)(2) releases from New Melones Reservoir consist of the portion of the 
fishery flow management volume utilized that is greater than the 1987 DFG Agreement and the 
volume used in meeting the Vernalis water quality requirements and/or Ripon dissolved oxygen 
requirements. 
New Melones Reservoir – Future Operations 

To provide a basis to develop a long-term operating plan, Reclamation sponsored updates to the 
San Joaquin River Basin component of CalSim-II to better represent and model how river flows 
and water quality in the San Joaquin River are likely to affect operations at New Melones 
Reservoir.  

This new information and the resulting CalSim-II model improvements were peer reviewed in 
2004 and additional refinements were made to the model based on that review. The resulting 
model is considered by Reclamation to be the best representation of the significant hydrologic 
and water quality dynamics that currently affect New Melones operations.  

The relationships developed for the current model are significantly different than the 
assumptions used to develop the 1997 IPO. Given that the 1997 IPO was only meant to be a 
temporary management tool and that water quality conditions are changing in the basin, the 
fundamental operating assumptions of the 1997 IPO are not entirely consistent with the 
improved CalSim-II model. 

As an important first step in evaluating the effects of a permanent operating plan for New 
Melones, Reclamation concludes that the following general assumptions best represents future 
New Melones operations for the purpose of this consultation. These operational parameters 
recognize existing priorities in beneficial uses, and the 1928 to 1934 drought is used as the basis 
to evaluate risks associated with successive dry years. The current analysis of future New 
Melones operations is based on two sets of project beneficial uses: a primary set of uses tied to 
pre-existing water rights and long-standing permit terms, and a secondary set of uses that came 
into effect after the primary set. 

The operational parameters for allocation to Eastside Division water service contracts and 
CVPIA (b)(2) are based on available yield over the 1928-34 drought period. The available 
project quantity is allocated between water service contracts and CVPIA (b)(2) use.  
Table 11 Fundamental considerations used to define the New Melones Reservoir operations 
parameters. 
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CVP Beneficial Uses (Pior to 1992). The pre-1992 long-term beneficial uses for Reclamation’s 
water supply/water rights at New Melones Reservoir are as follows: 

• Existing OID/SSJID Settlement Contract 
• D-1641 Vernalis Salinity Objective 
• Stanislaus River Dissolved Oxygen 
• 1987 DFG Fishery Agreement 
CVP Beneficial Uses (After 1992). The beneficial uses for Reclamation’s water supply/water 
rights at New Melones Reservoir established after 1992 are as follows: 

• D-1641 Vernalis Feb-June Base Flow objective 
• CVPIA (b)(2) water to increase Goodwin Dam releases for AFRP instream flow objectives 
• CVP Eastside Division water services contracts 

Basic Allocation Bands. Similar to the 1997 IPO, the representation of future New Melones 
operations defines categories of water supply based on projected storage and inflows. 

1) High Allocation Years (Projected New Melones Melones Carryover Storage greater than 1.7 
MAF End of September) 

• DFG allocation is 302 taf 
• Vernalis flow objectives are met 
• CVPIA (b)(2) water allocation is 155 taf 
• CVP Eastside contract allocation is 155 taf 
• Vernalis Salinity and Stanislaus River DO objectives are met 

2) Mid-Allocation Years  

• DFG allocation is 98.3 taf 
• Vernalis flow objectives are met 
• CVPIA B2 water allocation to meet instream fishery needs is to be determined in 

coordination with USFWS, DFG and NOAA fisheries in a collaborative planning process 
• Vernalis Salinity and Stanislaus River DO objectives are met 
• CVP Eastside contract allocation is to be determined after all the instream needs are met 

3) “Conference Year” conditions - New Melones Index is less than 1.0 MAF.  

• As with the IPO, if the projected end of September New Melones Index (i.e. projected 
inflow plus storage) is less than 1.0 MAF, Reclamation would meet with USFWS 
stakeholders, DFG, and NOAA Fisheries to coordinate a practical strategy to guide New 
Melones Reservoir operations to meet the most basic needs associated with Stanislaus River 
instream flows, DO, and Vernalis salinity. Allocation for CVPIA (b)(2) flows would be 
determined in coordination with USFWS, DFG and NOAA Fisheries. 
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San Joaquin River Agreement/Vernalis Adaptive Management Plan (VAMP) 

Adopted by the SWRCB in D-1641, the San Joaquin River Agreement (SJRA) includes a 12-
year program providing for flows and exports in the lower San Joaquin River during a 31-day 
pulse flow period during April and May. It also provides for the collection of experimental data 
during that time to further the understanding of the effects of flows, exports, and the barrier at 
the head of Old River on salmon survival. This experimental program is commonly referred to as 
the VAMP (Vernalis Adaptive Management Plan). The SWRCB indicates that VAMP 
experimental data will be used to create permanent objectives for the pulse flow period. 
Reclamation and DWR intend to continue a VAMP-like action for the foreseeable future or until 
the SWRCB adopts new permanent objectives that replace the current program.  It is anticipated 
that new SWRCB objectives will be as protective as the current program and that such 
protections will remain in place through 2030. 

Continuation of the VAMP operations for a period of time after the expiration of SJRA may be 
considered reasonably foreseeable because it could be accomplished using well established 
capabilities and authorities already available to Reclamation and DWR.  Specifically, flow 
increases to achieve VAMP targets could be provided using CVPIA section 3406 (b)(1), (b)(2), 
and (b)(3).  Export reductions would be provided by Reclamation using CVPIA section 3406 
(b)(1) or (b)(2), and by DWR using the substitution of the water supply acquired from the Yuba 
Accord flows.  The combination of those operations elements would enable Reclamation and 
DWR to meet VAMP objectives in most years.  Chapter 9 contains an analysis of the capability 
of DWR to provide for export reduction during the VAMP pulse flow period, using the 48,000 
acre feet of substitute supply assumed to be available from the Yuba Accord. 

Within the SJRA, the 1997 IPO has been assumed as the baseline operation for New Melones 
Reservoir, which forms part of the existing flow condition. The existing flow condition is used to 
compute the supplemental flows which will be provided on the San Joaquin River to meet the 
target flows for the 31-day pulse during April and May. These supplemental flows that will be 
provided from other sources in the San Joaquin River Basin under the control of the parties to the 
SJRA. 

The parties to the SJRA include several agencies that contribute flow to the San Joaquin, divert 
from or store water on the tributaries to the San Joaquin, or have an element of control over the 
flows in the lower San Joaquin River. These include Reclamation; OID; SSJID; Modesto ID; 
Turlock ID; Merced ID; and the San Joaquin River Exchange Contractors. The VAMP is based 
on coordination among these participating agencies in carrying out their operations to meet a 
steady target flow objective at Vernalis. 

The target flow at Vernalis for the spring pulse flow period is determined each year according to 
the specifications contained in the SJRA. The target flow is determined prior to the spring pulse 
flows as an increase above the existing flows, and so “adapts” to the prevailing hydrologic 
conditions. Possible target flows specified in the agreement are (1) 2000 cfs, (2) 3200 cfs, 
(3) 4450 cfs, (4) 5700 cfs, and (5) 7000 cfs. 

The Hydrology Group develops forecasts of flow at Vernalis, determines the appropriate target 
flow, devises an operations plan including flow schedules for each contributing agency, 
coordinates implementation of the VAMP flows, monitors conditions that may affect the 
objective of meeting the target flow, updates and adjusts the planned flow contributions as 
needed, and accounts for the flow contributions. The Hydrology Group includes designees with 
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technical expertise from each agency that contributes water to the VAMP. During VAMP, the 
Hydrology group communicates via regular conference calls, shares current information and 
forecasts via e-mail and an internet website. The Hydrology group has two lead coordinators, one 
from Reclamation’s and one designated by the SJRG. Subsequent to the end of the VAMP, a 
group similar to the Hydrology Group, with the same or similar role, will be maintained as part 
of the ongoing coordination of operations in the San Joaquin River basin. 

CVP-SWP operations forecasts include Vernalis flows that meet the appropriate pulse flow 
targets for the predicted hydrologic conditions. The flows in the San Joaquin River upstream of 
the Stanislaus River are forecasted for the assumed hydrologic conditions. The upstream of the 
Stanislaus River flows are then adjusted so when combined with the forecasted Stanislaus River 
flow based on the 1997 IPO, the combined flow would provide the appropriate Vernalis flows 
consistent with the pulse flow target identified in the SJRA. An analysis of how the flows are 
produced upstream of the Stanislaus River is included in the SJRA Environmental Impact 
Statement (EIS)/Environmental Impact Report (EIR). For purposes of CVP-SWP operations 
forecasts, the VAMP target flows are simply assumed to exist at the confluence of the Stanislaus 
and San Joaquin Rivers. The assessment of the effects of CVP-SWP operations in the Delta 
begins downstream of that point. 

The VAMP program has two distinct components, a flow objective and an export restriction. The 
flow objectives were designed to provide similar protection to those defined in the WQCP. 
Fishery releases on the Stanislaus above that called for in the 1987 DFG Agreement are typically 
considered WQCP (b)(2) releases. The export reduction involves a combined State and Federal 
pumping limitation on the Delta pumps. The combined export targets for the 31 days of VAMP 
are specified in the SJRA: 1500 cfs (when target flows are 2000, 3200, 4450, or 7000 cfs), and 
2250 cfs (when target flow is 5700 cfs, or 3000 cfs [alternate export target when flow target is 
7000 cfs]). Pumping reductions which cannot be recovered by adjustments in CVP operations are 
considered a WQCP (b)(2) expense.  Reductions of SWP pumping are limited to the amount that 
can be recovered through operations adjustments and the export of up to 48 taf of transferred 
water made available from the Yuba Accord.    

Water Temperatures 

Water temperatures in the lower Stanislaus River are affected by many factors and operational 
tradeoffs. These include available cold water resources in New Melones reservoir, Goodwin 
release rates for fishery flow management and water quality objectives, as well as residence time 
in Tulloch Reservoir, as affected by local irrigation demand.  

Reclamation intends to plan and manage flows to meet a 65 degrees F water temperature 
objective at Orange Blossom Bridge for steelhead incubation and rearing during the late spring 
and summer.  However, during critically dry years and low reservoir storages this objective 
cannot be met.  The Service, in coordination with NMFS and DFG, identifies the schedule for 
Reclamation to provide fall pulse attraction flows for salmon.  The pulse flows are a combination 
of water purchased under the San Joaquin River Agreement and CVPIA (b)(2) and (3) water.  
This movement of water also helps to transport cold water from New Melones Reservoir into 
Tulloch Reservoir before the spawning season begins.  
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San Felipe Division 
Construction of the San Felipe Division of the CVP was authorized in 1967 (Figure 11). The San 
Felipe Division provides a supplemental water supply (for irrigation, M&I uses) in the Santa 
Clara Valley in Santa Clara County, and the north portion of San Benito County.  

The San Felipe Division delivers both irrigation and M&I water supplies. Water is delivered 
within the service areas not only by direct diversion from distribution systems, but also through 
in-stream and offstream groundwater recharge operations being carried out by local interests. A 
primary purpose of the San Felipe Division in Santa Clara County is to provide supplemental 
water to help prevent land surface subsidence in the Santa Clara Valley.  The majority of the 
water supplied to Santa Clara County is used for M&I purposes, either pumped from the 
groundwater basin or delivered from treatment plants. In San Benito County, a distribution 
system was constructed to provide supplemental water to about 19,700 arable acres.  

The facilities required to serve Santa Clara and San Benito Counties include 54 miles of tunnels 
and conduits, two large pumping plants, and one reservoir. Water is conveyed from the Delta of 
the San Joaquin and Sacramento Rivers through the DMC. It is then pumped into the San Luis 
Reservoir and diverted through the 1.8-mile long of Pacheco Tunnel inlet to the Pacheco 
Pumping Plant. Twelve 2,000-horse-power pumps lift a maximum of 490 cfs a height varying 
from 85 feet to 300 feet to the 5.3-mile-long Pacheco Tunnel. The water then flows through the 
tunnel and without additional pumping, through 29 miles of concrete, high-pressure pipeline, 
varying in diameter from 10 feet to 8 feet, and the mile-long Santa Clara Tunnel. In Santa Clara 
County, the pipeline terminates at the Coyote Pumping Plant, which is capable of pumping water 
to into Anderson Reservoir or Calero Reservoir for further distribution at treatment plants or 
groundwater recharge. 

Santa Clara Valley Water District is the non-Federal operating entity for all the San Felipe 
Division facilities except for the Hollister Conduit and San Justo Reservoir.  The San Benito 
County Water District operates San Justo Reservoir and the Hollister Conduit  
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Figure 11  West San Joaquin Division and San Felipe Division 

The Hollister Conduit branches off the Pacheco Conduit 8 miles from the outlet of the Pacheco 
Tunnel. This 19.1-mile-long high-pressure pipeline, with a maximum capacity of 83 cfs, 
terminates at the San Justo Reservoir.  

The 9,906 af capacity San Justo Reservoir is located about three miles southwest of the City of 
Hollister. The San Justo Dam is an earthfill structure 141 feet high with a crest length of 
722 feet. This project includes a dike structure 66 feet high with a crest length of 918 feet. This 
reservoir regulates San Benito County’s import water supplies, allows pressure deliveries to 
some of the agricultural lands in the service area, and provides storage for peaking of agricultural 
water.  

The San Benito County Water District operates San Justo Reservoir and the Hollister Conduit. 

Friant Division 
This division operates separately from the rest of the CVP and is not integrated into the CVP 
OCAP. Friant Dam is located on the San Joaquin River, 25 miles northeast of Fresno where the 
San Joaquin River exits the Sierra foothills and enters the valley. The drainage basin is 1,676 
square miles with an average annual runoff of 1,774,000 af. Completed in 1942, the dam is a 
concrete gravity structure, 319-feet high, with a crest length of 3,488 feet. Although the dam was 
completed in 1942, it was not placed into full operation until 1951.  
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The dam provides flood control on the San Joaquin River, provides downstream releases to meet 
senior water rights requirements above Mendota Pool, and provides conservation storage as well 
as diversion into Madera and Friant-Kern Canals. Water is delivered to a million acres of 
agricultural land in Fresno, Kern, Madera, and Tulare Counties in the San Joaquin Valley via the 
Friant-Kern Canal south into Tulare Lake Basin and via the Madera Canal northerly to Madera 
and Chowchilla IDs. A minimum of 5 cfs is required to pass the last water right holding located 
about 40 miles downstream near Gravelly Ford. 

Flood control storage space in Millerton Lake is based on a complex formula, which considers 
upstream storage in the Southern California Edison reservoirs. The reservoir, Millerton Lake, 
first stored water on February 21, 1944. It has a total capacity of 520,528 af, a surface area of 
4,900 acres, and is approximately 15-miles long. The lake’s 45 miles of shoreline varies from 
gentle slopes near the dam to steep canyon walls farther inland. The reservoir provides boating, 
fishing, picnicking, and swimming. 

At this time, the Friant Division is generally hydrologically disconnected from the Delta as the 
San Joaquin River is dewatered in two reaches between Friant Dam and the confluence of the 
Merced River, except in extremely wet years.  Under flood conditions, water is diverted into two 
bypass channels that carry flood flows to the confluence of the Merced River. 

In 2006, parties to NRDC v. Rodgers executed a stipulation of settlement that calls for, among 
other things, restoration of flows from Friant Dam to the confluence of the Merced River. 
Implementation of the settlement is not included in this consultation as it is a large project which 
has not been sufficiently developed to allow for analysis of the effects of implementation of 
settlement action on listed aquatic species at this time.  At some point in the future, consultation 
may need to be reinitiated to evaluate the effects of the Restoration Program on continued CVP 
and SWP operations. 

State Water Project 
The DWR holds contracts with 29 public agencies in Northern, Central and Southern California 
for water supplies from the SWP. Water stored in the Oroville facilities, along with excess water 
available in the Sacramento-San Joaquin Delta is captured in the Delta and conveyed through 
several facilities to SWP contractors. 

The SWP is operated to provide flood control and water for agricultural, municipal, industrial, 
recreational, and environmental purposes. Water is conserved in Oroville Reservoir and released 
to serve three Feather River area contractors and two contractors served from the North Bay 
Aqueduct, and to be pumped at the Harvey O. Banks Pumping Plant (Banks) in the Delta and 
delivered to the remaining 24 contractors in the SWP service areas south of the Delta. In addition 
to pumping water released from Oroville Reservoir, the Banks pumps water from other sources 
entering the Delta.  

Project Management Objectives 

Clifton Court Forebay 
Inflows to the CCF are controlled by radial gates, whose real-time operations are constrained by 
a scouring limit (i.e. 12,000 cfs) at the gates and by water level concerns in the south Delta for 
local agricultural diverters. An interim agreement between DWR and South Delta Water Agency 
specifies three modes, or “priorities” for CCF gate operation. These priorities are depicted in 
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Figure 13 below. Of the three priorites, Priority 1 is the most protective of south Delta water 
levels. Under Priority 1, CCF gates are only opened during the ebb tides, allowing the flood tides 
to replenish south Delta channels. Priority 2 is slightly less protective because the CCF gates 
may be open as in Priority 1, but also during the last hour of the higher flood tide and through 
most of the lower flood tide. Finally, Priority 3 requies that the CCF gates be closed during the 
rising limb of the higher flood tide and also during the lowest part of the lower tide, but permits 
the CCF gates to be open at all other times. 

When a large head differential exists between the outside and the inside of the gates, theoretical 
inflow can be as high as 15,000 cfs for a very short time. However, existing operating procedures 
identify a maximum design flow rate of 12,000 cfs, to minimize water velocities in surrounding 
south Delta channels, to control erosion, and to prevent damage to the facilty. 

The SWP is managed to maximize the capture of water in the Delta and the usable supply 
released to the Delta from Oroville storage. The maximum daily pumping rate at Banks is 
controlled by a combination of the D-1641, the real-time decision making to assist in fishery 
management process described previously, and permits issued by the Corps that regulate the rate 
of diversion of water into Clifton Court Forebay (CCF) for pumping at Banks. This diversion 
rate is normally restricted to 6,680 cfs as a three-day average inflow to CCF and 6,993 cfs as a 
one-day average inflow to CCF. CCF diversions may be greater than these rates between 
December 15 and March 15, when the inflow into CCF may be augmented by one-third of the 
San Joaquin River flow at Vernalis when those flows are equal to or greater than 1,000 cfs. 
Additionally, the SWP has a permit to export an additional 500 cfs between July 1 and 
September 30. The purpose for the current permitted action is to replace pumping foregone for 
the benefit of Delta fish species, making the summer limit effectively 7,180 cfs.  

The hourly operation of the CCF radial gates is governed by agreements with local agricultural 
interests to protect water levels in the south Delta area. The radial gates controlling inflow to the 
forebay may be open during any period of the tidal cycle with the exception of the two hours 
before and after the low-low tide and the hours leading up to the high-high tide each day. CCF 
gate operations are governed by agreements and response plans to protect south Delta water 
users, and a more detailed discussion of these operations and agreement will follow under CCF 
and JPOD sections. 

Banks is operated to minimize the impact to power loads on the California electrical grid to the 
extent practical, using CCF as a holding reservoir to allow that flexibility. Generally more pump 
units are operated during off-peak periods and fewer during peak periods. Because the installed 
capacity of the pumping plant is 10,300 cfs, the plant can be operated to reduce power grid 
impacts, by running all available pumps at night and a reduced number during the higher energy 
demand hours, even when CCF is admitting the maximum permitted inflow. 

There are years (primarily wetter years) when Banks operations are demand limited, and Banks 
is able to pump enough water from the Delta to fill San Luis Reservoir and meet all contractor 
demands without maximizing its pumping capability every day of the year. This has been less 
likely in recent years, where the contractors request all or nearly all of their contract Table A 
amount every year. Consequently, current Banks operations are more often supply limited. 
Under these current full demand conditions, Banks pumping plant is almost always operated to 
the maximum extent possible to maximize the water captured, subject to the limitations of water 
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quality, Delta standards, and a host of other variables, until all needs are satisfied and all storage 
south of the Delta is full.  

San Luis Reservoir is an offstream storage facility located along the California Aqueduct 
downstream of Banks. San Luis Reservoir is used by both projects to augment deliveries to their 
contractors during periods when Delta pumping is insufficient to meet downstream demands. 

San Luis Reservoir operates like a giant regulator on the SWP system, accepting any water 
pumped from Banks that exceeds contractor demands, then releasing that water back to the 
aqueduct system when Banks pumping is insufficient to meet demands. The reservoir allows the 
SWP to meet peak-season demands that are seldom balanced by Banks pumping.  

San Luis Reservoir is generally filled in the spring or even earlier in some years. When it and 
other SWP storage facilities south of the Delta are full or nearly so, when Banks pumping is 
meeting all current Table A demands, and when the Delta is in excess conditions, DWR will use 
any available excess pumping capacity at Banks to deliver Article 21 water to the SWP 
contractors. 

Article 21 water is one of several types of SWP water supply made available to the SWP 
contractors under the long-term SWP water supply contracts between DWR and the SWP 
contractors. As its name implies, Article 21 water is provided for under Article 21 of the 
contracts3. Unlike Table A water, which is an allocated annual supply made available for 
scheduled delivery throughout the year, Article 21 water is an interruptible water supply made 
available only when certain conditions exist. As with all SWP water, Article 21 water is supplied 
under existing SWP water rights permits, and is pumped from the Delta under the same 
environmental, regulatory, and operational constraints that apply to all SWP supplies. 

When Article 21 water is available, DWR may only offer it for a short time, and the offer may be 
discontinued when the necessary conditions no longer exist. Article 21 deliveries are in addition 
to scheduled Table A deliveries, this supply is delivered to contractors that can, on relatively 
short notice, put it to beneficial use. Typically, contractors have used Article 21 water to meet 
needs such as additional short-term irrigation demands, replenishment of local groundwater 
basins, and storage in local surface reservoirs, all of which provide contractors with opportunities 
for better water management through more efficient coordination with their local water supplies. 
When Article 21 of the long-term water supply contracts was developed, both DWR and the 
contractors recognized that DWR was not capable of meeting the full contract demands in all 
years because not all of the planned SWP facilities had been constructed.  

Article 21 water is typically offered to contractors on a short-term (daily or weekly) basis when 
all of the following conditions exist: the SWP share4 of San Luis Reservoir is physically full, or 
projected to be physically full within approximately one week at permitted pumping rates; other 
                                                 
3Article 21 provides, in part: “Each year from water sources available to the project, the State shall make available 
and allocate interruptible water to contactors. Allocations of interruptible water in any one year may not be carried 
over for delivery in a subsequent year, nor shall the delivery of water in any year impact a contractor’s approved 
deliveries of annual [Table A water] or the contractor’s allocation of water for the next year. Deliveries of 
interruptible water in excess of a contractor’s annual [Table A water] may be made if the deliveries do not adversely 
affect the State’s delivery of annual [Table A water] to other contractors or adversely affect project operations…”  
4 Not including any carried-over EWA or limited EWA asset which may reside in the SWP share of San Luis 
Reservoir. 



SWP reservoirs south of the Delta are at their storage targets or the conveyance capacity to fill 
these reservoirs is maximized; the Delta is in excess condition; current Table A demand is being 
fully met; and Banks has export capacity beyond that which is needed to meet current Table A 
and other SWP operational demands. The increment of available unused Banks capacity is 
offered as the Article 21 delivery capacity. Contractors then indicate their desired rate of delivery 
of Article 21 water. It is allocated in proportion to their Table A contractual quantities if requests 
exceed the amount offered. Deliveries can be discontinued at any time, when any of the above 
factors change.  In the modeling for Article 21, deliveries are only made in months when the 
State share of San Luis Reservoir is full.  In actual operations, Article 21 may be offered a few 
days in advance of actual filling.  Article 21 water will not be offered until State storage in San 
Luis Reservoir is either physically full or projected to be physically full within approximately 
one week at permitted pumping rates. Also, any carried-over EWA water asset stored in the State 
share of San Luis Reservoir (whether it be from the use of the 500 cfs or other operational assets) 
will not be considered part of the SWP storage when determining the availability of Article 21.  
This will ensure that the carried-over EWA water asset does not result in increased Article 21 
deliveries. 

During parts of April and May, the VAMP takes effect as described in the CVP section above. 
The state and federal pumps reduce their export pumping to benefit fish in the San Joaquin River 
system. Around this same time, water demands from both agricultural and M&I contractors are 
increasing, Article 21 water is usually discontinued, and San Luis supplies are released to the 
SWP facilities to supplement Delta pumping at Banks, thereby meeting contractor demands. The 
SWP intends to continue VAMP-type export reductions through 2030 to the extent that the 
limited EWA assets, (as described in an earlier section) will meet the associated water costs.   
Chapter 9 of this assessment includes an analysis of modeling results that illustrates the 
frequency on which assets are available under a limited EWA to meet the SWP portion of 
VAMP.   

Immediately following VAMP, a “post –VAMP shoulder” may occur.  This action is an 
extension of the reduced pumping levels that occur during VAMP depending on the availability 
of EWA and limited EWA assets.  Chapter 9 includes an analysis of modeling results that 
illustrates the frequency on which assets are available under a limited EWA to meet the “post – 
VAMP shoulder”.  

After VAMP and the “post-VAMP shoulder”, Delta pumping at Banks can be increased 
depending on Delta inflow and Delta standards. By late May, demands usually exceed the 
restored pumping rate at Banks, and continued releases from San Luis Reservoir are needed to 
meet contractor demands for Table A water. 

During this summer period, DWR is also releasing water from Oroville Reservoir to supplement 
Delta inflow and allow Banks to export the stored Oroville water to help meet demand. These 
releases are scheduled to maximize export capability and gain maximum benefit from the stored 
water while meeting fish flow requirements, temperature requirements, Delta water quality, and 
all other applicable standards in the Feather River and the Delta. 

DWR must balance storage between Oroville and San Luis Reservoirs carefully to meet flood 
control requirements, Delta water quality and flow requirements, and optimize the supplies to its 
contractors consistent with all environmental constraints. Oroville Reservoir may be operated to 
move water through the Delta to San Luis Reservoir via Banks under different schedules 
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depending on Delta conditions, reservoir storage volumes, and storage targets. Predicting those 
operational differences is difficult, as the decisions reflect operator judgment based on many 
real-time factors as to when to move water from Oroville Reservoir to San Luis Reservoir.  

As San Luis Reservoir is drawn down to meet contractor demands, it usually reaches its low 
point in late August or early September. From September through early October, demand for 
deliveries usually drops below the ability of Banks to divert from the Delta, and the difference in 
Banks pumping is then added to San Luis Reservoir, reversing its spring and summer decline. 
From early October until the first major storms in late fall or winter unregulated flow continues 
to decline and releases from Lake Oroville are restricted (due to flow stability agreements with 
DFG) resulting in export rates at Banks that are somewhat less than demand typically causing a 
second seasonal decrease in the SWP’s share of San Luis Reservoir. Once the fall and winter 
storms increase runoff into the Delta, Banks can increase its pumping rate and eventually fill (in 
all but the driest years) the state portion of San Luis Reservoir before April of the following year.  

Water Service Contracts, Allocations, and Deliveries 

The following discussion presents the practices of DWR in determining the overall amount of 
Table A water that can be allocated and the allocation process itself. There are many variables 
that control how much water the SWP can capture and provide to its contractors for beneficial 
use.  

The allocations are developed from analysis of a broad range of variables that include: 

• Volume of water stored in Oroville Reservoir 

• Flood operation restrictions at Oroville Reservoir 

• End-of-water-year (September 30) target for water stored in Oroville Reservoir 

• Volume of water stored in San Luis Reservoir 

• End-of-month targets for water stored in San Luis Reservoir 

• Snow survey results 

• Forecasted runoff 

• Feather River flow requirements for fish habitat 

• Feather River service area delivery obligations 

• Feather River flow for senior water rights river diversions 

• Anticipated depletions in the Sacramento River basin  

• Anticipated Delta conditions 

• Precipitation and streamflow conditions since the last snow surveys and forecasts 

• Contractor delivery requests and delivery patterns  

From these and other variables, the Operations Control Office within DWR estimates the water 
supply available to allocate to contractors and meet other project needs. The Operations Control 
Office transmits these estimates to the State Water Project Analysis Office, where staff enters the 
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water supply, contractor requests, and Table A amounts into a spreadsheet and computes the 
allocation percentage that would be provided by the available water supply.  

The staffs of the Operations Control Office and State Water Project Analysis Office meet with 
DWR senior management, usually including the Director, to make the final decision on 
allocating water to the contractors. The decision is made, and announced in a press release 
followed by Notices to Contractors.  

The initial allocation announcement is made by December 1 of each year. The allocation of 
water is made with a conservative assumption of future precipitation, and generally in graduated 
steps, carefully avoiding over-allocating water before the hydrologic conditions are well defined 
for the year.  

Both the DWR and the contractors are conservative in their estimates, leading to the potential for 
significant variations between projections and actual operations, especially under wet hydrologic 
conditions. 

Other influences affect the accuracy of estimates of annual demand for Table A and the resulting 
allocation percentage. One factor is the contractual ability of SWP contractors to carry over 
allocated but undelivered Table A from one year to the next if space is available in San Luis 
Reservoir. Contractors will generally use their carryover supplies early in the calendar year if it 
appears that San Luis reservoir will fill. By using the prior year’s carryover, the contractors 
reduce their delivery requests for the current year’s Table A allocation and instead schedule 
delivery of carryover supplies. 

Carryover supplies left in San Luis Reservoir by SWP contractors may result in higher storage 
levels in San Luis Reservoir at December 31 than would have occurred in the absence of 
carryover. If there were no carryover privilege, contractors would seek to store the water within 
their service areas or in other storage facilities outside of their service areas. As project pumping 
fills San Luis Reservoir, the contractors are notified to take or lose their carryover supplies. If 
they can take delivery of and use or store the carryover water, San Luis Reservoir storage then 
returns to the level that would have prevailed absent the carryover program. 

If the contractors are unable to take delivery of all of their carryover water, that water then 
converts to project water as San Luis Reservoir fills, and Article 21 water becomes available for 
delivery to contractors. 

Article 21 water delivered early in the calendar year may be reclassified as Table A later in the 
year depending on final allocations, hydrology, and contractor requests. Such reclassification 
does not affect the amount of water carried over in San Luis Reservoir, nor does it alter pumping 
volumes or schedules. The total water exported from the Delta and delivered by the SWP in any 
year is a function of a number of variables that is greater than the list of variables shown above 
that help determine Table A allocations.  

If there are no carryover or Article 21 supplies available, Table A requests will be greater in the 
January-April period, and there would be a higher percentage allocation of Table A for the year 
than if carryover and Article 21 were available to meet demand.  

Monterey Agreement 
In 1994, DWR and certain representatives of the SWP contractors agreed to a set of principles 
known as the Monterey Agreement, to settle long-term water allocation disputes, and to establish 
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a new water management strategy for the SWP. This project description only includes the 
system-wide water operations consistent with the Monterey Agreement and not the specific 
actions by DWR and State Water Contractors needed to implement the agreement.  

The Monterey Agreement resulted in 27 of the 29 SWP contractors signing amendments to their 
long-term water supply contracts in 1995, and the Monterey Amendment has been implemented 
as part of SWP operations for these 27 SWP contractors since 1996. The original Environmental 
Impact Report prepared for the Monterey Agreement was challenged, and the EIR was required 
to be decertified. DWR is currently preparing an EIR on the Monterey Amendment following 
that litigation and approval of a settlement agreement with the plaintiffs in May 2003. A draft of 
the new EIR was released in October 2007, the comment period closed in January 2008, and a 
final EIR is scheduled for completion in the fall of 2008. need to check 

The alternatives evaluated in the EIR include continuation of the Monterey Amendment, certain 
No Project alternatives that would revert some contract terms to pre-Monterey Amendment 
terms, and two “court ordered no-project” alternatives that would impose a reduction in Table A 
supplies by implementing a permanent shortage provision together with an offsetting increase in 
the supply of Article 21 water. 

Adoption of any of the alternatives would not measurably change SWP Delta operations, 
although the internal classification of water provided to SWP contractors could change as to the 
balance between Table A and Article 21 water, as could the relative allocation of water between 
urban and agricultural contractors. The Monterey Amendment provides for certain transfers of 
water from agricultural to urban contractors; impacts from those transfers are all south of the 
Delta and have no effect on the Delta.  

The only impact of Monterey Amendment operations on Delta exports is identified in the draft 
EIR as the facilitation of approval for out-of-service-area storage programs. Because DWR had 
previously approved water storage programs outside of individual SWP contractor’s service 
areas and many such storage programs now exist, this water management method is unlikely to 
be voided by future actions of DWR. These increased exports can only occur if they are within 
the diversions permitted at the time. None of the alternatives being considered would result in 
demand for added Delta diversions above currently assumed levels and all are subject to 
whatever regulatory restrictions are in force at the time.  

Changes in DWR’s Allocation of Table A Water and Article 21 Water 
The Monterey Amendment revised the temporary shortage provision that specified an initial 
reduction of supplies for agricultural use when requests for SWP water exceeded the available 
supply. The Amendment specifies that whenever the supply of Table A water is less than the 
total of all contractors’ requests, the available supply of Table A water is allocated among all 
contractors in proportion to each contractor’s annual Table A amount.  

The Monterey Amendment amended Article 21 by eliminating the category of scheduled 
"surplus water," which was available for scheduled delivery and by renaming "unscheduled 
water" to "interruptible water." Surplus water was scheduled water made available to the 
contractors when DWR had supplies beyond what was needed to meet Table A deliveries, 
reservoir storage targets, and Delta regulatory requirements. Surplus water and unscheduled 
water were made available first to contractors requesting it for agricultural use or for 
groundwater replenishment. Because of the contractors’ increasing demands for Table A water 

 86



and the increasing regulatory requirements imposed on SWP operations, DWR is now able to 
supply water that is not Table A water only on an unscheduled, i.e., interruptible basis. 

Pursuant to the revised Article 21, DWR allocates the available interruptible supply to requesting 
contractors in proportion to their annual Table A amounts.  

The result of these contractual changes are that DWR now allocates Table A and interruptible 
water among contractors in proportion to annual Table A amounts without consideration of 
whether the water would be used for M&I or agricultural purposes. Agricultural and M&I 
contractors share any reductions in deliveries or opportunities for surplus water in proportion to 
their annual Table A amounts. 

Historical Water Deliveries to Southern California 
The pumping from the Delta to serve southern California has been influenced by changes in 
available water supply sources to serve the region. The Colorado River and the SWP have been 
the major supply sources for southern California. 

The Quantification Settlement Agreement (QSA) signed in 2003 resulted in a decrease in the 
amount of Colorado River water available to California. To illustrate the impact of that decrease 
on demand from the Sacramento-San Joaquin Delta, it is instructive to look at the magnitude of 
the two imported supply sources available to MWDSC.  

During part of this period, MWDSC was also filling Diamond Valley Lake (810,000 acre-feet, 
late 1998-early 2002) and adding some water to groundwater storage programs. In wetter years, 
demand for imported water may often decrease because local sources are augmented and local 
rainfall reduces irrigation demand. Table 12 below illustrates the effects of the wet years from 
1995-1998 on demand for imported water and the effect of reduced Colorado River diversions 
under the QSA on MWDSC deliveries from the Delta.  
Table 12 Wet Year effects  

Calendar 
Year 

Sacramento Valley 
Water Year Type 

Delta Supplies Colorado 
Supplies 

Total 

1994 Critically Dry    807,866 1,303,212 2,111,078 

1995 Wet    436,042    997,414 1,433,456 

1996 Wet    593,380 1,230,353 1,823,733 

1997 Wet    721,810 1,241,821 1,963,631 

1998 Wet    410,065 1,073,125 1,483,190 

1999 Wet    852,617 1,215,224 2,067,841 

2000 Above Normal 1,541,816 1,303,148 2,844,964 

2001 Dry 1,023,169 1,253,579 2,276,748 

2002 Dry 1,408,919 1,241,088 2,650,007 

2003 Above Normal 1,686,973    688,043 2,375,016 

2004 Below Normal 1,724,380    733,095 2,457,475 
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Calendar 
Year 

Sacramento Valley 
Water Year Type 

Delta Supplies Colorado 
Supplies 

Total 

2005 Above Normal 1,616,710    839,704 2,456,414 

2006 Wet 1,521,681*    594,544 2,116,225 

2007 Dry 1,395,827*    713,456* 2,109,283 

* - These figures are preliminary. 

Project Facilities 

Oroville Field Division 
Oroville Dam and related facilities comprise a multipurpose project. The reservoir stores winter 
and spring runoff, which is released into the Feather River to meet the Project's needs. It also 
provides pumpback capability to allow for on-peak electrical generation, 750,000 acre-feet of 
flood control storage, recreation, and freshwater releases to control salinity intrusion in the 
Sacramento-San Joaquin Delta and for fish and wildlife protection. 

The Oroville facilities are shown in Figure 12. Two small embankments, Bidwell Canyon and 
Parish Camp Saddle Dams, complement Oroville Dam in containing Lake Oroville. The lake has 
a surface area of 15,858 acres, a storage capacity of 3,538,000 af, and is fed by the North, 
Middle, and South forks of the Feather River. Average annual unimpaired runoff into the lake is 
about 4.5 million af. 

A maximum of 17,000 cfs can be released through the Edward Hyatt Powerplant, located 
underground near the left abutment of Oroville Dam. Three of the six units are conventional 
generators driven by vertical-shaft, Francis-type turbines. The other three are motor-generators 
coupled to Francis-type, reversible pump turbines. The latter units allow pumped storage 
operations. The intake structure has an overflow type shutter system that determines the level 
from which water is drawn. 

Approximately four miles downstream of Oroville Dam and Edward Hyatt Powerplant is the 
Thermalito Diversion Dam. Thermalito Diversion Dam consists of a 625-foot-long, concrete 
gravity section with a regulated ogee spillway that releases water to the low flow channel of the 
Feather River. On the right abutment is the Thermalito Power Canal regulating headwork 
structure.  



 
Figure 12  Oroville Facilities on the Feather River 

The purpose of the diversion dam is to divert water into the 2-mile long Thermalito Power Canal 
that conveys water in either direction and creates a tailwater pool (called Thermalito Diversion 
Pool) for Edward Hyatt Powerplant. The Thermalito Diversion Pool acts as a forebay when 
Hyatt is pumping water back into Lake Oroville. On the left abutment is the Thermalito 
Diversion Dam Powerplant, with a capacity of 600 cfs that releases water to the low-flow section 
of the Feather River. 

Thermalito Power Canal hydraulically links the Thermalito Diversion Pool to the Thermalito 
Forebay (11,768 af), which is the off-stream regulating reservoir for Thermalito Powerplant. 
Thermalito Powerplant is a generating-pumping plant operated in tandem with the Edward Hyatt 
Powerplant. Water released to generate power in excess of local and downstream requirements is 
conserved in storage and, at times, pumped back through both powerplants into Lake Oroville 
during off-peak hours. Energy price and availability are the two main factors that determine if a 
pumpback operation is economical. A pumpback operation most commonly occurs when energy 
prices are high during the weekday on-peak hours and low during the weekday off-peak hours or 
on the weekend. The Oroville Thermalito Complex has a capacity of approximately 17,000 cfs 
through the powerplants, which can be returned to the Feather River via the Afterbay’s river 
outlet. 
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Local agricultural districts divert water directly from the afterbay. These diversion points are in 
lieu of the traditional river diversion exercised by the local districts whose water rights are senior 
to the SWP. The total capacity of afterbay diversions during peak demands is 4,050 cfs.  

The Feather River Fish Hatchery (FRFH), mitigation for the construction of Oroville Dam, 
produces Chinook salmon and steelhead and is operated by DFG. The FRFH program, 
operations and production, is detailed in the FERC Biological Assessment for the Oroville 
Project and will be detailed in the NMFS FERC Biological Opinion, expected in June 2008. Both 
indirect and direct take resulting from FRFH operations will be authorized through section 4(d) 
of the Endangered Species Act, in the form of NMFS-approved Hatchery and Genetic 
Management Plans (HGMPs). DWR is preparing HGMPs for the spring and fall-run Chinook 
and steelhead production programs at the Feather River Fish Hatchery.  

Current Operations - Minimum Flows and Temperature Requirements 

Operation of Oroville will continue under existing criteria, consistent with past project 
descriptions, until a final decision is made in the FERC relicensing process. The release 
temperatures from Oroville Dam are designed to meet Feather River Fish Hatchery and 
Robinson Riffle temperature schedules included in the 1983 DFG Agreement, “Agreement 
Concerning the Operation of the Oroville Division of the State Water Project for Management of 
Fish and Wildlife”, concerning the operations of the Oroville Division of the State Water Project 
for Management of Fish and Wildlife and OCAP while also conserving the coldwater pool in 
Lake Oroville. Current operation indicates that water temperatures at Robinson Riffle are almost 
always met when the hatchery objectives are met. Due to temperature requirements of 
endangered fish species and the hatchery and overriding meteorologic conditions, the 
temperature requests for agriculture can be difficult to satisfy.  

Water is withdrawn from Lake Oroville at depths that will provide sufficiently cold water to 
meet the Feather River Fish Hatchery and Robinson Riffle temperature targets. The reservoir 
depth from which water is released initially determines the river temperatures, but atmospheric 
conditions, which fluctuate from day to day, modify downstream river temperatures. Altering the 
reservoir release depth requires installation or removal of shutters at the intake structures. 
Shutters are held at the minimum depth necessary to release water that meets the Feather River 
Fish Hatchery and Robinson Riffle criteria. In order to conserve the coldwater pool during dry 
years, DWR has strived to meet the Robinson Riffle temperatures by increasing releases to the 
LFC rather than releasing colder water.  

Additionally, DWR maintains a minimum flow of 600 cfs within the Feather River Low Flow 
Channel (LFC) (except during flood events when flows are governed by the Flood Operations 
Manual and under certain other conditions as described in the 1984 FERC order). Downstream 
of the Thermalito Afterbay Outlet, in the High Flow Channel (HFC), a minimum release for 
flows in the Feather River is to be 1,000 cfs from April through September and 1,700 cfs from 
October through March, when the April-to-July unimpaired runoff in the Feather River is greater 
than 55 percent of normal. When the April-to-July unimpaired runoff is less than 55 percent of 
normal, the License requires minimum flows of 1,000 cfs from March to September and 1,200 
cfs from October to February (Table 13). In practice, flows are maintained below 2,500 cfs from 
October 15 to November 30 to prevent spawning in the overbank areas. 

According to the 1983 Agreement, if during the period of October 15 to November 30, the 
average highest 1-hour flow of combined releases exceeds 2,500 cfs; with the exception of flood 
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management, accidents, or maintenance; then the minimum flow must be no lower than 500 cfs 
less than that flow through the following March 31. The 1983 Agreement also states that if the 
April 1 runoff forecast in a given year indicates that the reservoir level will be drawn down to 
733 feet, water releases for fish may be reduced, but not by more than 25 percent.  
Table 13  Combined Minimum Instream Flow Requirements in the Feather River Below Thermalito 
Afterbay Outlet When Lake Oroville Elevation is Projected to be Greater vs. Less Than 733’ in the 
Current Water Year  

Conditions Period Minimum Flows 

October - February 1,700 cfs 

March 1,700 cfs 

When Lake Oroville Elevation 
is Projected to be Greater Than 
733’ & the Preceding Water 
Year’s April – July Water 
Conditions are 

 > 55% of Normal (1) April - September 1,000 cfs 

 

October - February 1,200 cfs 

March 1,000 cfs 

When Lake Oroville Elevation 
is Projected to be Greater Than 
733’ & the Preceding Water 
Year’s April – July Water 
Conditions are  

< 55% of Normal (1) April - September 1,000 cfs 

 

October - February 900 cfs < Q < 1,200 cfs 

March 750 cfs < Q < 1,000 cfs 

When Lake Oroville Elevation 
is Projected to be Less Than 
733’ in the Current Water Year 
(2) 

April - September 750 cfs < Q < 1,000 cfs 

Notes:   

1) Normal is defined as the Mean April – July Unimpaired Runoff of the Feather River near Oroville 
of 1,942,000 AF (1911 – 1960). 

2) In accordance with FERC’s Order Amending License dated September 18, 1984, Article 53 was 
amended to provide a third tier of minimum flow requirements defined as follows:  If the April 1 
runoff forecast in a given water year indicates that, under normal operation of Project 2100, the 
reservoir level will be drawn to elevation 733 feet (approximately 1,500,000 AF), releases for fish 
life in the above schedule may suffer monthly deficiencies in the same proportion as the 
respective monthly deficiencies imposed upon deliveries of water for agricultural use from the 
Project. However, in no case shall the fish water releases in the above schedule be reduced by 
more than 25 percent.  

 

Current operations of the Oroville Facilities are governed by water temperature requirements at 
two locations: the FRFH and in the LFC at Robinson Riffle. DWR has taken various temperature 
management actions to achieve the water temperature requirements, including curtailing 
pumpback operations, removing shutters at intakes of the Hyatt Pumping-Generating Plant, 
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releasing flow through the river valves (for FRFH only), and redirecting flows at the Thermalito 
Diversion Dam to the LFC (for Robinson Riffle only).  

To date, the river valves have been used infrequently. Prior to 1992, they were used twice: first 
in 1967 during the initial construction of the dam, and second in 1977 during the drought of 
record. Since 1992, the river valves have only been used twice for temperature control: in 2001 
and 2002. To ensure that the river valves will operate reliably, DWR exercises them annually. 
When operated to meet temperature criteria, DWR can and does operate the river valves at a 
flow rate up to the 1,500 cfs needed for FRFH temperature management purposes.  

Other than local diversions, outflow from the Oroville Complex is to the Feather River, 
combining flows from the LFC and Thermalito Afterbay. Outflow typically varies from spring 
seasonal highs averaging 8,000 cfs to about 3,500 cfs in November. The average annual outflow 
from the Project is in excess of 3 maf to support downstream water supply, environmental, and 
water quality needs.  

Table 14 shows an example of releases from Oroville for various downstream uses during dry 
hydrologic conditions (Water Years 2001 and 2002). As a practical matter, water supply exports 
are met with water available after Delta requirements are met. Some of the water released for 
instream and Delta requirements may be available for export by the SWP after Delta standards 
have been met.  
Table 14  Historical Records of Releases from the Oroville Facilities in 2001 and 2002, by 
Downstream Use 

Water Year 2001 Release Water Year 2002 Release  
Downstream Use Volume (taf) Percentage  Volume (taf) Percentage  

Feather River Service Area 1,024 46 925 34 
Instream and Delta Requirements 1,099 50 1,043 38 
Flood Management 0 0 0 0 
Support of Exports 93 4 773 28 

Total 2,216 100 2,741 100 
Source:  DWR SWP Operations Control Office 
Key:  
taf – thousand acre-feet 
 

Feather River Flow Requirements  
The existing Feather River flow requirements below Oroville Dam are based on an August 1983 
Agreement between the DWR and DFG. The 1983 Agreement established criteria and objectives 
for flow and temperatures in the LFC, FRFH, and HFC. This agreement includes the following: 

• Established minimum flows between the Thermalito Afterbay Outlet and Verona that 
vary by water year type 

• Required flow changes under 2,500 cfs to be reduced by no more than 200 cfs during any 
24-hour period, except flood management operations 

• Required flow stability during the peak of the fall-run Chinook spawning season 

• Set an objective of suitable water temperature conditions during the fall months for 
salmon and during the later spring/summer months for shad and striped bass 
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• Established a process whereby DFG would recommend each year, by June 1, a spawning 
gravel maintenance program to be implemented during that calendar year 

Low Flow Channel  

The 1983 Agreement specifies that DWR release a minimum of 600 cfs into the Feather River 
from the Thermalito Diversion Dam for fishery purposes. This is the total volume of flows from 
the Diversion Dam Outlet, Diversion Dam Powerplant, and FRFH Pipeline.  

High Flow Channel 

Based on the 1983 Agreement, Table 15 summarizes the minimum flow requirement for the 
HFC when releases would not draw Oroville Reservoir below elevation 733 feet above mean sea 
level (ft msl).  
Table 15  High Flow Channel minimum flow requirements as measured downstream from the 
Thermalito Afterbay Outlet.  

Minimum Flow in HFC (cfs) Forecasted April-through- 
July unimpaired runoff 
(percent of normal1) October through February March April through September 

55 percent or greater 1,700 1,700 1,000 
Less than 55 percent 1,200 1,000 1,000 

Source: 1983 Agreement 
1 The preceding water year’s unimpaired runoff shall be reported in Licensee’s Bulletin 120, “Water 
Conditions in California-Fall Report.” The term “normal” is defined as the April-through-July mean 
unimpaired runoff near Oroville of 1,942,000 af in the period of 1911 through 1960. 
Key:  
cfs – cubic feet per second 
HFC – High Flow Channel 

 

If the April 1 forecast in a given water year indicates that Oroville Reservoir would be drawn 
down to elevation 733 ft msl, minimum flows in the HFC may be diminished on a monthly 
average basis, in the same proportion as the respective monthly deficiencies imposed on 
deliveries for agricultural use of the Project. However, in no case shall the minimum flow 
releases be reduced by more than 25 percent. If between October 15 and November 30, the 
highest total 1-hour flow exceeds 2,500 cfs, DWR shall maintain a minimum flow within 500 cfs 
of that peak flow, unless such flows are caused by flood flows, or an inadvertent equipment 
failure or malfunction. 

Temperature Requirements 
Low Flow Channel 

NMFS has established a water temperature requirement for steelhead trout and spring-run 
Chinook salmon at Feather River RM 61.6 (Robinson Riffle in the LFC) from June 1 through 
September 30.  The water temperature should be maintained at less than or equal to 65°F on a 
daily average basis.  

High Flow Channel  

While no numeric temperature requirement currently exists for the HFC, the 1983 Agreement 
requires DWR to provide suitable Feather River water temperatures for fall-run salmon not later 
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than September 15, and to provide for suitable water temperatures below the Thermalito 
Afterbay Outlet for shad, striped bass, and other warm water fish between May 1 and September 
15. 

Current FRFH intake water temperature, as required by the 1983 DFG and DWR Agreement are 
in Table 16. 
Table 16 Feather River Fish Hatchery Temperature Requirements 

Period Degrees F  
(± 4 ºF allowed) 

April 1 – November 30  
 April 1 – May 15 51 
 May 16 – May 31 55 
 June 1 – June 15 56 
 June 16 – August 15 60 
 August 16 – August 31 58 
 September 1 – September 30 52 
 October 1 – November 30 51 
December 1 – March 31 No greater than 55 

 

Table 17 summarizes current flow and temperature management in the Feather River Fish 
Hatchery and the Lower Feather River below Oroville Dam. These operational measures are in 
place in compliance with FERC license terms, agency agreements or ESA Biological Opinions 
and are provided to fully describe the baseline conditions. 
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Table 17  Lower Feather River Flows and Temperature Management under Existing Conditions 

Type of Measure Title Description 
Minimum Release 
to Low Flow 
Channel (this 
includes water that 
returns from 
hatchery) 

Maintain minimum flow of 600 cubic feet per second (cfs) within the Feather River 
downstream of the Thermalito Diversion Dam and the Feather River Fish Hatchery. 
FERC 1984. [Low Flow Channel Flow Standard] 

Minimum Flows 

Minimum Release 
to High Flow 
Channel 

Release water necessary to maintain flows in the Feather River below the 
Thermalito Afterbay Outlet in accordance with the minimum flow schedule presented 
in the Federal Energy Regulatory Commission (FERC) order, provided that releases 
will not cause Lake Oroville to be drawn below elevation 733 feet (ft) (approximately 
1.5 million acre-feet [maf] of storage). If the April 1 runoff forecast in a given year 
indicates that the reservoir level will be drawn to 733 ft, water releases for fish may 
be reduced, but not by more than 25 percent. 

Maximum Flow into 
Feather River Fish 
Hatchery 

Maximum flow into Feather River Fish Hatchery from the Diversion Pool is 115 cfs 
year round. 

Maximum Flows (non-flood 
control) Maximum Flow in 

the High Flow 
Channel 

Maximum flow at Feather River below Thermalito Afterbay Outlet is 10,000 cfs 
when Lake Oroville inflow is less than 10,000 cfs. [High Flow Channel Flow 
Standard] When Lake Oroville inflow is greater than 10,000 cfs, the maximum flow 
in the river below Thermalito Afterbay Outlet will be limited to inflow. If higher flow 
releases coincide with Chinook spawning activity, the ramping rate used to return to 
the minimum flow requirement will be chosen to avoid redd dewatering. 

Ramping Rates Ramping Rate 
Criteria 

Flows less than 2,500 cfs cannot be reduced more than 300 cfs during any 24-hour 
period, except for flood releases, failures, etc.  

Releases from Lake 
Oroville 

Releases for water supply, flood control, Sacramento–San Joaquin Delta (Delta) 
water quality requirements, and instream flow requirements of an average of 
3 million acre-feet per year (maf/year) and approximately 1 maf/year to the Feather 
River Service Area (FRSA) for agricultural, municipal, and industrial uses in 
accordance with SWP contracts, DWR agreements, and water rights. Water Supply 

Diversions from 
Feather River 

Diversion of an estimated 60–70 thousand acre-feet per year (taf/year) from the 
Feather River by senior water right holders per State Water Resources Control 
Board (SWRCB) licenses or permits for appropriative users. 
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Type of Measure Title Description 

Flood Protection/Management Flood Protection 

The Oroville Facilities are operated for flood control purposes in conformance with 
the flood management regulations prescribed by the Secretary of the Army under 
the provisions of an Act of Congress (58 Stat. 890; 33 United States Code [USC] 
709). 
- During floods, water releases from Oroville Dam and Thermalito Afterbay Dam will 
not increase floodflows above those prior to project existence. Operation of the 
project in the interest of flood control shall be in accordance with Section 204 of the 
Flood Control Act of 1958. 
- At high flows, fluctuate releases at least every couple of days to avoid 
riverbank/levee damage at one level. 
- Avoid extended periods of flow over the quantities listed above as much as 
possible to minimize the risk of seepage damage to orchards adjacent to the 
Feather River. 
- Maximum allowable flow is 180,000 cfs year round at the Feather River above the 
Yuba River. Maximum allowable flow is 300,000 cfs year round at the Feather River 
below the Yuba River. 
- Maximum allowable flow is 320,000 cfs year round at the Feather River below the 
Bear River.  

Temperature Criteria/Targets 
At the Feather River 
Fish Hatchery and 
Robinson Riffle  

Water temperature at Robinson Riffle must be less than 65 degrees between June 
and September. 
Water temperature during the fall months, after September 15, should be suitable for 
fall-run Chinook salmon. 
Water temperature from May through August should be suitable for American shad, 
striped bass, etc. 
At the Feather River Fish Hatchery 
Temperature (+/- 4°F) 
April 1–May 15      51° 
May 16–May 31    55° 
June 1–June 15     56° 
June 16–August 15     60° 
August 16–August 31     58° 
September 1–September 30     52° 
October 1–November 30     51° 
December 1–March 31     no greater than 55° 
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Type of Measure Title Description 
 Thermalito Afterbay 

Temperature 
Control  

Operate facilities pursuant to the May 1968 Joint Water Agreement. 

Natural Salmonid Spawning and 
Rearing Habitat 

Salmonid Habitat 
Improvement – 
Endangered 
Species Act (ESA) 
Species Recovery 
Measures 

Maintain conditions in the Low Flow Channel pursuant to 1983 Operating 
Agreement between DFG and DWR which is to prevent damage to fish and wildlife 
resources from operations and construction of the project. 

Excerpt from Appendix B of the FERC Preliminary Draft Environmental Assessment, Oroville Facilities—FERC Project No. 2100 
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Flood Control 
Flood control operations at Oroville Dam are conducted in coordination with DWR’s 
Flood Operations Center and in accordance with the requirements set forth by the Corps. 
The Federal Government shared the expense of Oroville Dam, which provides up to 
750,000 af of flood control space. The spillway is located on the right abutment of the 
dam and has two separate elements: a controlled gated outlet and an emergency 
uncontrolled spillway. The gated control structure releases water to a concrete-lined chute 
that extends to the river. The uncontrolled emergency spill flows over natural terrain. 
Table 18  Water Year/Days in Flood Control/40-30-30 Index 

Water Year Days in Flood Control 40-30-30 Index 

1981 0 D 
1982 35 W 
1983 51 W 
1984 16 W 
1985 0 D 
1986 25 W 
1987 0 D 
1988 0 C 
1989 0 D 
1990 0 C 
1991 0 C 
1992 0 C 
1993 8 AN 
1994 0 C 
1995 35 W 
1996 22 W 
1997 57 W 
1998 0 W 
1999 58 W 
2000 0 AN 
2001 0 D 
2002 0 D 

 

Feather River Ramping Rate Requirements  
Maximum allowable ramp-down release requirements are intended to prevent rapid 
reductions in water levels that could potentially cause redd dewatering and stranding of 
juvenile salmonids and other aquatic organisms. Ramp-down release requirements to the 
LFC during periods outside of flood management operations, and to the extent 
controllable during flood management operations, are shown in Table 19. 



 

Table 19 Lower Feather River Ramping Rates 

Releases to the Feather River   
Low Flow Channel  
(cfs) 

Rate of Decrease  
(cfs) 

5,000 to 3,501 1,000 per 24 hours 

3,500 to 2,501 500 per 24 hours 

2,500 to 600 300 per 24 hours 

Key: 
cfs = cubic feet per second 
Source:  NMFS 2004a 

 

Proposed Operational Changes with the Federal Energy Regulatory Commission 
(FERC) Relicensing of the Oroville Project– Near Term and Future Operations 

Until FERC issues the new license for the Oroville Project, DWR will not significantly 
change the operations of the facilities and when the FERC license is issued, it is assumed 
that downstream of Thermalito Afterbay Outlet, the future flows will remain the same.  

There is a great deal of uncertainty as to when the license will be issued and what 
conditions will be imposed by FERC and the State Water Resources Control Board 
(SWRCB). The process that DWR has to go through to get the new license is as follows: 
DWR will finalize the Final Environment Impact Report in May 2008, the SWRCB will 
prepare the Clean Water Act Section 401 Certification (401 Cert) for the project which 
may take up to a year and the 401 Cert may have additional requirements for DWR 
operations of Oroville. Once the 401 Cert is issued, FERC can issue the new license; 
however, in the interim, the documents or process may be challenged in court. When the 
new FERC license is issued, additional flow or temperature requirements may be 
required. At this time, DWR can only assume that the flow and temperature conditions 
required will be those in the FERC Settlement Agreement (SA); therefore, those are what 
DWR proposes for the near-term and future Oroville operations. 

The proposed future operations in the SA described in the Project Description include 
100-200 cfs increase in flows in the Low Flow Channel (LFC) of the Lower Feather 
River and reduced water temperatures at the Feather River Hatchery and in the Low Flow 
and High Flow channels, after further analysis of alternatives and construction of one or 
more temperature control facilities. These are described in more detail in the SA. The 
flows in the HFC downstream of the TAO will not change. It is unlikely that either the 
proposed minor flow changes in the LFC or the reduced water temperatures will affect 
conditions in the Sacramento River downstream of the confluence but if they were 
detectable, they would be beneficial to anadromous fish in the Sacramento River. 

The original FERC license to operate the Oroville Project expired in January 2007 and 
until a new license is issued, DWR will operate to the existing FERC license. FERC has 
and will continue to issue an annual license until it is prepared to issue the new 50-year 
license. In preparation for the expiration of the FERC license, DWR began working on 
the relicensing process in 2001. As part of the process, DWR entered into a SA with 
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State, federal and local agencies, State Water Contractors, Non-Governmental 
Organizations, and Tribal governments to implement improvements within the FERC 
Boundary. The FERC boundary includes all of the Oroville Project facilities, extends 
upstream into the tributaries of Lake Oroville, includes portions of the LFC on the lower 
Feather River and downstream of the Thermalito Afterbay Outlet into the HFC. In 
addition to the Settlement Agreement signed in 2006, a Habitat Expansion Agreement 
was negotiated to address the fish passage issue over Oroville Dam and NMFS and the 
Service’ Section 18 Authority under the Federal Power Act. FERC prepared an EIS for 
the proposed license and DWR prepared and EIR and Biological Asessements for FERC 
based on the terms and conditions in the Settlement Agreement. The SWRCB is working 
on the Section 401 Certification process and when all the environmental documents and 
permits are complete, the new 50-year FERC license will be issued for the Oroville 
Project, possibly in 2009.  

FERC requested consultation with NMFS on the Oroville Project SA and DWR prepared 
and submitted the FERC Biological Assessment in June 2007 to NMFS and FERC. The 
Settlement Agreement does not change the flows in the HFC although there will be a 
proposed increase in minimum flows in the LFC. The SA includes habitat restoration 
actions such as side-channel construction, structural habitat improvement such as 
boulders and large woody debris, spawning gravel augmentation, a fish counting weir, 
riparian vegetation and floodplain restoration, and facility modifications to improve 
coldwater temperatures in the low and high flow channels. The SA and the FERC BA 
provide substantial detail on the restoration actions in the Lower Feather River. It is 
anticipated that NMFS will issue a Biological Opinion.  

Below is a summary of articles in the Settlement Agreement referred to by number and is 
by no means a complete description of the terms and conditions therein. The numbering 
of the tables in this section is consistent with the numbering in the SA for direct 
comparison.   

Minimum Flows in the Low Flow and High Flow Channels 

When the FERC license is issued, DWR will release a minimum flow of 700 cfs into the 
Low Flow Channel (LFC). The minimum flow shall be 800 cfs from September 9 to 
March 31 of each year to accommodate spawning of anadromous fish, unless the NMFS, 
the Service, DFG, and California SWRCB provide a written notice that a lower flow 
(between 700 cfs and 800 cfs) substantially meets the needs of anadromous fish. If the 
DWR receives such a notice, it may operate consistent with the revised minimum flow. 
HFC flows will remain the same as the existing license, consistent with the 1983 DWR 
and DFG Operating Agreement to continue to protect Chinook salmon from redd 
dewatering. 

Water Temperatures for the Feather River Fish Hatchery 

When the FERC license is issued, DWR will use the temperatures in Table 20 as targets, 
and will seek to achieve them through the use of operational measures described below.  
Table 20  Maximum Mean Daily Temperatures,  

September 1-September 30 56 °F 
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October 1 – May 31 55 °F 

June 1 – August 31 60°F 

 
The temperatures in Table 20 are Maximum Mean Daily Temperatures, calculated by 
adding the hourly temperatures achieved each day and dividing by 24. DWR will strive to 
meet Maximum Mean Daily Temperatures through operational changes including but not 
limited to (i) curtailing pump-back operation and (ii) removing shutters on Hyatt intake 
and (iii) after river valve refurbishment. DWR will consider the use of the river valve up 
to a maximum of 1500 cfs; however these flows need not exceed the actual flows in the 
HFC, and should not be less than those specified in HFC minimum flows described 
above, which will not change with the new FERC license. During this interim period, 
DWR shall not be in violation if the Maximum Mean Daily Temperatures are not 
achieved through operational changes.  

Prior to FERC license implementation, DWR agreed to begin the necessary studies for 
the refurbishment or replacement of the river valve. On October 31, 2006, DWR 
submitted to specific agencies a Reconnaissance Study of Facilities Modification to 
address temperature habitat needs for anadromous fisheries in the Low Flow Channel and 
the HFC. Under the provisions of Settlement Agreement Appendix B Section B108(a), 
DWR has begun a study to evaluate whether to refurbish or replace the river valve that 
may at times be used to provide cold water for the Feather River Fish Hatchery. 

Upon completion of Facilities Modification(s) as provided in A108, and no later than the 
end of year ten following license issuance, Table 20 temperatures shall become 
requirements, and DWR shall not exceed the Maximum Mean Daily Temperatures in 
Table 20 for the remainder of the License term, except in Conference Years as referenced 
in A107.2(d). 

During the term of the FERC license, DWR will not exceed the hatchery water 
temperatures in Table 21. There will be no minimum temperature requirement except for 
the period of April 1 through May 31, during which the temperatures shall not fall below 
51 ºF.  
Table 21  Hatchery Water Temperatures 

September 1-September 30 56 °F 

October 1 – November 30 55 °F 

December 1 – March 31 55 °F 

April 1 – May 15 55 °F 

May 16-May 31 59°F 

June 1-June 15 60°F 

June 16- August 15 64°F 
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August 16 – August 31 62°F 

 

Upon completion of Facilities Modification(s) as provided in A108 (discussed below), 
DWR may develop a new table for hatchery temperature requirements that is at least as 
protective as Table 21. If a new table is developed, it shall be developed in consultation 
with the Ecological Committee, including specifically the Service, NMFS, DFG, 
California SWRCB, and RWQCB. The new table shall be submitted to FERC for 
approval, and upon approval shall become the temperature requirements for the hatchery 
for the remainder of the license term.  

During Conference Years, as defined in A108.6, DWR shall confer with the Service, 
NMFS, DFG, and California SWRCB to determine proper temperature and hatchery 
disease management goals.  

Water Temperatures in the Lower Feather River 

Under the Settlement Agreement, DWR is committing to a Feasibility Study and 
Implementation Plan to improve temperature conditions (Facilities Modification(s)) for 
spawning, egg incubation, rearing and holding habitat for anadromous fish in the Low 
Flow Channel and HFC (A108.4). The Plan will recommend a specific alternative for 
implementation and will be prepared in consultation with the resource agencies.  

Prior to the Facilities Modification(s) described in Article A108.4, if DWR does not 
achieve the applicable Table 22 Robinson Riffle temperature upon release of the 
specified minimum flow, DWR shall singularly, or in combination perform the following 
actions: 

(1) Curtail pump-back operation, 

(2) Remove shutters on Hyatt Intake, and  

(3) Increase flow releases in the LFC up to a maximum of 1500 cfs, consistent with 
the minimum flow standards in the HFC. Table 22 temperatures are targets and if 
they are not met there is no license violation.  

If in any given year DWR anticipates that these measures will not achieve the 
temperatures in Table 22, DWR shall consult with the NMFS, the Service, DFG, and 
California SWRCB to discuss potential approaches to best managing the remaining 
coldwater pool in Lake Oroville, which may result in changes in the way Licensee 
performs actions (1), (2), and (3) listed above.  
Table 22  LFC as Measured at Robinson Riffle.  

(all temperatures are in daily mean value (degrees F)) 

Month Temperature (° F)  

January 56 

February 56 

March 56 
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April 56 

May 1-15 56-63* 

May 16-31 63 

June 1 – 15 63 

June 16 – 30 63 

July 63 

August 63 

September 1-8 63-58* 

September 9 – 30 58 

October 56 

November 56 

December 56 

* Indicates a period of transition from the first temperature to 
   the second temperature. 

 

After completion of the Facilities Modification(s), DWR shall no longer be required to 
perform the measures listed in (1), (2), and (3), unless Table 22 temperatures are 
exceeded. DWR shall operate the project to meet temperature requirements in Table 22 in 
the LFC, unless it is a Conference Year as described in Article 108.6. The proposed water 
temperature objectives in Table 23 (in Article 108), measured at the southern FERC 
project boundary, will be evaluated for potential water temperature improvements in the 
HFC. DWR will study options for Facilities Modification(s) to achieve those temperature 
benefits. 

There would be a testing period of at least five years in length to determine whether the 
HFC temperature benefits are being realized (A108.5). At the end of the testing period, 
DWR will prepare a testing report that may recommend changes in the facilities, 
compliance requirements for the HFC and the definition of Conference Years (those 
years where DWR may have difficulties in achieving the temperature requirements due to 
hydrologic conditions.) The challenges of implementing Table 23 temperatures will 
require the phased development of the Table 23 water temperature objective and likely, a 
revision to Table 23 prior to Table 23 becoming a compliance obligation. 
Table 23  HFC as measured at Downstream Project Boundary 

(all temperatures are in daily mean value (degrees F)) 
Month Temperature 

January 56 
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February 56 

March 56 

April 61 

May  64 

June 64 

July 64 

August 64 

September 61 

October 60 

November 56 

December 56 

 

Habitat Expansion Agreement  

The Habitat Expansion Agreement is a component of the 2006 Settlement Agreement to 
address DWR obligations in regard to blockage and fish passage issues in regard to the 
construction of Oroville Dam. Because it deals with offsite mitigation it will not included 
in the new FERC license.  

Construction of the Oroville Facilities and Pacific Gas and Electric Company’s 
construction of other hydroelectric facilities on the upper Feather River tributaries 
blocked passage and reduced available habitat for Central Valley spring-run Chinook 
salmon  and Central Valley steelhead. The reduction in spring-run habitat resulted in 
spatial overlap with fall-run Chinook salmon and has led to increased redd 
superimposition, competition for limited habitat, and genetic introgression. FERC 
relicensing of hydroelectric projects in the Feather River basin has focused attention on 
the desirability of expanding spawning, rearing and adult holding habitat available for 
Central Valley spring-run and steelhead. The Settlement Agreement Appendix F includes 
a provision to establish a habitat enhancement program with an approach for identifying, 
evaluating, selecting and implementing the most promising action(s) to expand such 
spawning, rearing and adult holding habitat in the Sacramento River Basin as a 
contribution to the conservation and recovery of these species. The specific goal of the 
Habitat Expansion Agreement is to expand habitat sufficiently to accommodate an 
estimated net increase of 2,000 to 3,000 spring-run or steelhead for spawning (Habitat 
Expansion Threshold). The population size target of 2,000 to 3,000 spawning individuals 
was selected because it is approximately the number of spring-run and steelhead that 
historically migrated to the upper Feather River. Endangered species issues will be 
addressed and documented on a specific project-related basis for any restoration actions 
chosen and implemented under this Agreement. 
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Anadromous Fish Monitoring on the Lower Feather River 

Until the new FERC license is issued and until a new monitoring program is adopted, 
DWR will continue to monitor anadromous fish in the Lower Feather River in 
compliance with the project description set out in Reclamation’s 2004 BA. 

As required in the FERC Settlement Agreement (Article A101), within three years 
following the FERC license issuance, DWR will develop a comprehensive Lower Feather 
River Habitat Improvement Plan that will provide an overall strategy for managing the 
various environmental measures developed for implementation, including the 
implementation schedules, monitoring, and reporting. Each of the programs and 
components of the Lower Feather River Habitat Improvement Plan shall be individually 
evaluated to assess the overall effectiveness of each action within the Lower Feather 
River Habitat Improvement Plan.  

Delta Field Division 

SWP facilities in the southern Delta include Clifton Court Forebay, John E. Skinner Fish 
Facility, and the Banks Pumping Plant. CCF is a 31,000 af reservoir located in the 
southwestern edge of the Delta, about ten miles northwest of Tracy. CCF provides 
storage for off-peak pumping, moderates the effect of the pumps on the fluctuation of 
flow and stage in adjacent Delta channels, and collects sediment before it enters the 
California Aqueduct. Diversions from Old River into CCF are regulated by five radial 
gates.  

The John E. Skinner Delta Fish Protective Facility is located west of the CCF, two miles 
upstream of the Banks Pumping Plant. The Skinner Fish Facility screens fish away from 
the pumps that lift water into the California Aqueduct (CA). Large fish and debris are 
directed away from the facility by a 388-foot long trash boom. Smaller fish are diverted 
from the intake channel into bypasses by a series of metal louvers, while the main flow of 
water continues through the louvers and towards the pumps. These fish pass through a 
secondary system of screens and pipes into seven holding tanks, where a subsample is 
counted and recorded. The salvaged fish are then returned to the Delta in oxygenated tank 
trucks. 

The Banks Pumping Plant is in the south Delta, about eight miles northwest of Tracy and 
marks the beginning of the CA. By means of 11 pumps, including two rated at 375 cfs 
capacity, five at 1,130 cfs capacity, and four at 1,067 cfs capacity, the plant provides the 
initial lift of water 244 feet into the CA. The nominal capacity of the Banks Pumping 
Plant is 10,300 cfs. 

Other SWP operated facilities in and near the Delta include the North Bay Aqueduct 
(NBA), the Suisun Marsh Salinity Control Gates (SMSCG), Roaring River Distribution 
System (RRDS), and up to four temporary barriers in the south Delta. Each of these 
facilities is discussed further in later sections. 

Clifton Court Forebay Aquatic Weed Control Program 

DWR will apply copper based herbicide complexes including copper sulfate 
pentahydrate, Komeen,® and Nautique® on an as-needed basis to control aquatic weeds 
and algal blooms in Clifton Court Forebay (Forebay). Komeen® is a chelated copper 
herbicide (copper-ethylenediamine complex and copper sulfate pentahydrate) and 
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Nautique® is a copper carbonate compound (see Sepro product labels). These products 
are used to control algal blooms so that such algae blooms do not degrade drinking water 
quality through tastes and odors and production of algal toxins. Dense growth of 
submerged aquatic weeds, predominantly Egeria densa, can cause severe head loss and 
pump cavitation at Banks Pumping Plant when the stems of the rooted plant break free 
and drift into the trashracks. This mass of uprooted and broken vegetation essentially 
forms a watertight plug at the trashracks and vertical louver array. The resulting blockage 
necessitates a reduction in the pumping rate of water to prevent potential equipment 
damage through cavitation at the pumps. Cavitation creates excessive wear and 
deterioration of the pump impeller blades. Excessive floating weed mats also reduce the 
efficiency of fish salvage at the Skinner Fish Facility. Ultimately, this all results in a 
reduction in the volume of water diverted by the State Water Project.  

Herbicide treatments will occur only in July and August on an as needed basis in the 
Forebay dependent upon the level of vegetation biomass in the enclosure. It is not 
possible to predict future Forebay conditions with climate change. However, the 
frequency of herbicide applications is not expected to occur more than twice per year. 
Herbicides are typically applied early in the growing season when plants are susceptible 
to the herbicides due to rapid growth and formation of plant tissues, or later in the season, 
when plants are mobilizing energy stores from their leaves towards their roots for over 
wintering senescence. Past use of aquatic herbicides is presented inTable 24. 
Table 24 Aquatic herbicide applications in Clifton Court Forebay, 1995- Present.  

Note: The past applications are provided to give the reader an indication of the frequency of herbicide 
applications in the past (baseline). 

Year Date 
Aquatic 
Herbicide 

1995 5/15/1995 Komeen® 

 1995 8/21/1995 Komeen® 

1996 6/11/1996 Komeen® 

 1996 9/10/1996 Komeen® 

1997 5/23/1997 Komeen® 

 1997 7/14/1997 Komeen® 

1998 7/13/1998 Komeen® 

1999 6/11/1999 Komeen® 

2000 7/31/2000 Komeen® 

2001 6/29/2001 Nautique 

2002 6/24/2002 Komeen® 

2003 5/12/2003 Nautique 
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Year Date 
Aquatic 
Herbicide 

2003 8/13/2003 Copper Sulfate 

2004 6/3/2004 Komeen® 

2004 7/22/2004 Copper Sulfate 

2005 5/3/2005 Komeen® 

2005 6/21/2005 Komeen® 

2006 6/1/2006 Komeen® 

2006 6/29/2006 Komeen® 

 

Additionally, copper sulfate pentahydrate was applied once in 2003 and 2004 by 
helicopter to control taste and odor producing benthic cyanobacteria.  

Aquatic weed management problems in the Forebay have to date been limited to about 
700 acres of the 2,180 total water surface acres. Application of the herbicide is limited to 
only those areas in the Forebay that require treatment. The copper based herbicides, 
Komeen® or Nautique, are applied by helicopter or boat to only those portions where 
aquatic weeds present a management problem to the State. 

To date, algal problems in the Forebay have been caused by attached benthic 
cyanobacteria which produce unpleasant tastes and odors in the domestic drinking water 
derived from the SWP operations. Copper sulfate is applied to the nearshore areas of the 
Forebay when results of Solid phase microextraction (SPME) (APHA, 2005) analysis 
exceed the control tolerances (MIB < 5 ng/L and geosmin < 10 ng/L are not detected by 
consumers in drinking water supplies). (Aquatic Pesticide Application Plan, 2004). 
Highest biomass of taste and odor producing cyanobacteria was present in the nearshore 
areas but not limited to shallow benthic zone. Annually, application areas may vary 
considerably based on the extent of the algal infestation in the Forebay. 

The DWR receives Clean Water Act pollutant discharge coverage under the National 
Pollutant Discharge Elimination System (NPDES) Permit No. CAG990005 (General 
Permit) issued by the State Water Resources Control Board (State Board) for application 
of aquatic pesticides to the State Water Project’s (SWP) aqueducts, forebays, and 
reservoirs when necessary to achieve management goals. The State Board functions as 
the Environmental Protection Agency’s (EPA) non-federal representative for 
implementation of the Clean Water Act in California.  

A Mitigated Negative Declaration was prepared by DWR to comply with California 
Environmental Quality Act (CEQA) requirements associated with regulatory 
requirements established by the SWRCB. DWR, a public entity, was granted a Section 
5.3 Exception by the SWRCB (Water Quality Order 2004-0009-DWQ) and is not 
required to meet the copper limitation in receiving waters during the exception period 
from March 1 to November 30 as described in the DWR’s Aquatic Pesticide Application 
Plan. .  



 

Proposed Measures to Reduce Fish Mortality  

Komeen® will be applied according to the product label directions as required by state 
and federal law. The Forebay elevation will be raised to +2 feet above mean sea level for 
an average depth of about 6 feet within the 700-water surface acre treatment zone. The 
herbicide will be applied at a rate of 13 gallons per surface acre to achieve a final 
operational concentration in the water body of 0.64 mg/L Cu2+. (640 ppb). Application 
rate of 13 gallons per surface area is calculated based on mean depth. The product label 
allows applications up to 1 mg/L (1000 ppb or 1 ppm). DWR applies Komeen in 
accordance with the specimen label that states, "If treated water is a source of potable 
water, the residue of copper must not exceed 1 ppm (mg/L)". 

In 2005, 770 surface acres were treated with Komeen®. Clifton Court Forebay has a 
mean depth of 6 feet at 2 feet above mean sea level; thus the volume treated is 4620 acre-
feet. 

The concentration of the active ingredient (Cu2+) is calculated from the following 
equation: 

Cu2+ (ppm) = Komeen (gallon)/ (Mean Depth (feet) * 3.34)) Source: Komeen® Specimen 
Label EPA reg No. 67690-25 

The calculated concentration of Cu2+ for the 2005 application was 0.65 mg/L Cu2+. The 
copper level required to control Egeria densa (the main component of the Clifton Court 
Forebay aquatic plant community) is 0.5 - 0.75 mg/L Cu2+. Source: Komeen® Specimen 
Label. 

Prior to application of copper based herbicides, toxicity testing and literature review of 
LC-50 levels for salmon, steelhead, delta smelt, and green sturgeon may be conducted. 
Once applied, the initial stock copper concentration is reduced rapidly (hours) by dilution 
(Komeen® applied according to the Specimen Label (SePro Corporation) of the product 
in the receiving water to achieve final concentration levels. Based on the treatment 
elevation of +2 feet, only about 20 percent (4,630 AF) of the 22,665 AF Forebay will be 
treated (AF = Acre-feet= volume). The copper will be applied beginning on one side of 
the Forebay allowing fish to move out of the treatment area. In addition, Komeen® will 
be applied by boats at a slower rate than in previous years when a helicopter was used. 

In 2006 DWR proposed the following actions to reduce fish mortality in coordination 
with DFG and NOAA/NMFS. Also, the hydroacoustical aquatic plant survey was 
continued in 2007 when no Komeen application was done. A survey in 2008 is also 
planned. These actions will continue to be followed in the future. 

1. Komeen® or copper sulfate will only be applied in July and August.  

2. The salvage of listed fish species at Skinner Fish Facility will be monitored prior 
to the Komeen® application.  

3. The intake (radial) gates at Clifton Court Forebay will be closed 24 hours prior to 
the scheduled application to improve fish passage out of the designated treatment 
areas. 
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4. The radial gates will not be re-opened to allow inflow into the Forebay for 24 
hours following the end of the aquatic herbicide application. The Clifton Court 
intake gates will therefore be closed for 48 hours. The Komeen® Specimen Label 
recommends a 12-24 hours contact with target weeds to provide effective control. 
Twenty-four hours is at the high end for recommended contact time according to 
the Komeen® Specimen Label. 

5. Komeen® will be applied by boat, first to the nearshore areas and then outwards 
in transects away from the shore. The application will be conducted by a private 
contractor and supervised by a California Certified Pest Control Advisor. 

6. The herbicide treatment will be scheduled and planned for minimizing the 
treatment area by using hydroacoustical plant mapping technology to locate and 
estimate the area of submerged vegetation beds. The smallest possible area will be 
treated to minimize both the volume of aquatic herbicide applied and lessen the 
impacts to fish in the Forebay. Examples of figures from the 2005 hydroacoustical 
survey are enclosed. 

7. Copper monitoring and analysis will follow the procedures described in the DWR 
Quality Assurance Project Plan submitted to the State Water Resources Control 
Board in February 2002. There are no plans to measure sediment and detrial 
copper concentrations. The Quality Assurance Plan was submitted to the SWRCB 
on February 26, 2002 and no comments were received. 

North Bay Aqueduct Intake at Barker Slough 
The Barker Slough Pumping Plant diverts water from Barker Slough into the North Bay 
Aqueduct (NBA) for delivery in Napa and Solano Counties. Maximum pumping capacity 
is 175 cfs (pipeline capacity). During the past few years, daily pumping rates have ranged 
between 0 and 140 cfs. The current maximum pumping rate is 140 cfs because an 
additional pump is required to be installed to reach 175 cfs. In addition, growth of biofilm 
in a portion of the pipeline is also limiting the NBA ability to reach its full capacity. 

The NBA intake is located approximately 10 miles from the main stem Sacramento River 
at the end of Barker Slough. Per salmon screening criteria, each of the ten NBA pump 
bays is individually screened with a positive barrier fish screen consisting of a series of 
flat, stainless steel, wedge-wire panels with a slot width of 3/32 inch. This configuration 
is designed to exclude fish approximately one inch or larger from being entrained. The 
bays tied to the two smaller units have an approach velocity of about 0.2 ft/s. The larger 
units were designed for a 0.5 ft/s approach velocity, but actual approach velocity is about 
0.44 ft/s. The screens are routinely cleaned to prevent excessive head loss, thereby 
minimizing increased localized approach velocities. 

Delta smelt monitoring was required at Barker Slough under the March 6, 1995 OCAP 
BO. Starting in 1995, monitoring was required every other day at three sites from mid-
February through mid-July, when delta smelt may be present and continued monitoring 
was stopped in 2005. As part of the Interagency Ecological Program (IEP), DWR has 
contracted with the DFG to conduct the required monitoring each year since the BO was 
issued. Details about the survey and data are available on DFG’s website 
(http://www.delta.dfg.ca.gov/data/NBA).  
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Beginning in 2008, the NBA larval sampling will be replaced by an expanded 20 mm 
survey (described at http://www.delta.dfg.ca.gov/data/20mm) that has proven to be fairly 
effecting and tracking delta smelt distribution and reducing entrainment. The expanded 
survey covers all existing 20-mm stations, in addition to a new suite of stations near 
NBA. The expanded survey also has an earlier seasonal start and stop date to focus on the 
presence of larvae in the Delta. The gear type was a surface boom tow, as opposed to 
oblique sled tows that have traditionally been used to sample larval fishes in the San 
Francisco Estuary.  

Coordinated Facilities of the CVP and SWP 
Joint Project Facilities 

Suisun Marsh 
Since the early 1970's, the California Legislature, SWRCB, Reclamation, DFG, Suisun 
Resource Conservation District (SRCD), DWR, and other agencies have worked to 
preserve beneficial uses of Suisun Marsh in mitigation for perceived impacts of reduced 
Delta Outflow on the salinity regime. Early on, salinity standards set by the State Water 
Resources Control Board (SWRCB) to protect alkali bulrush production, a primary 
waterfowl plant food. The most recent standard under Water Right Decision 1641 
acknowledges that multiple beneficial uses deserve protection. 

A contractual agreement between DWR, Reclamation, DFG and SRCD contains 
provisions for DWR and Reclamation to mitigate the effects on Suisun Marsh channel 
water salinity from the SWP and CVP operations and other upstream diversions. The 
Suisun Marsh Preservation Agreement (SMPA) requires DWR and Reclamation to meet 
salinity standards (Figure 13), sets a timeline for implementing the Plan of Protection, 
and delineates monitoring and mitigation requirements. In addition to the contractual 
agreement, SWRCB Water Rights Decision 1485 codified salinity standards in 1978, 
which have been carried forward to SWRCB Water Rights Decision 1641.  
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Figure 13 Compliance and monitoring stations and salinity control facilities in Suisun Marsh. 

There are two primary physical mechanisms for meeting salinity standards set forth in D-
1641 and the SMPA:  (1) the implementation and operation of physical facilities in the 
Marsh; and (2) management of Delta outflow (i.e. facility operations are driven largely 
by salinity levels upstream of Montezuma Slough and salinity levels are highly sensitive 
to Delta outflow). Physical facilities (described below) have been operating since the 
early 1980s and have proven to be a highly reliable method for meeting standards. 
However, since Delta outflow cannot be actively managed by the Suisun Marsh Program, 
Marsh facility operations must be adaptive in response to changing salinity levels in the 
Delta.  

CALFED Charter for Development of an Implementation Plan for Suisun Marsh 
Wildlife Habitat Management and Preservation 

The goal of the CALFED Charter is to develop a regional plan that balances 
implementation of the CALFED Program, Suisun Marsh Preservation Agreement, and 
other management and restoration programs within Suisun Marsh. This is to be 
conducted in a manner that is responsive to the concerns of stakeholders and based upon 
voluntary participation by private land owners. The Habitat Management, Preservation, 
and Restoration Plan for the Suisun Marsh (Suisun Marsh Plan) and its accompanying 
Programmatic Environmental Impact Statement/Report (PEIS/EIR) will develop, 
analyze, and evaluate potential effects of various actions in the Suisun Marsh. The 
actions are intended to preserve and enhance managed seasonal wetlands, implement a 
comprehensive levee protection/improvement program, and protect ecosystem and 
drinking water quality, while restoring habitat for tidal marsh-dependent sensitive 
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species, consistent with the CALFED Bay-Delta Program's strategic goals and objectives. 
The Service and Reclamation are NEPA co-leads while DFG is the lead state CEQA 
agency. 

 Suisun Marsh Salinity Control Gates 
The SMSCG are located on Montezuma Slough about 2 miles downstream from the 
confluence of the Sacramento and San Joaquin Rivers, near Collinsville. Operation of the 
SMSCG began in October 1988 as Phase II of the Plan of Protection for the Suisun 
Marsh. The objective of Suisun Marsh Salinity Control Gate operation is to decrease the 
salinity of the water in Montezuma Slough The facility, spanning the 465 foot width of 
Montezuma Slough, consists of a boat lock, a series of three radial gates, and removable 
flashboards. The gates control salinity by restricting the flow of higher salinity water 
from Grizzly Bay into Montezuma Slough during incoming tides and retaining lower 
salinity Sacramento River water from the previous ebb tide. Operation of the gates in this 
fashion lowers salinity in Suisun Marsh channels and results in a net movement of water 
from east to west.  

When Delta outflow is low to moderate and the gates are not operating, tidal flow past 
the gate is approximately +/- 5,000-6,000 cfs while the net flow is near zero. When 
operated, flood tide flows are arrested while ebb tide flows remain in the range of 5,000-
6,000 cfs. The net flow in Montezuma Slough becomes approximately 2,500-2,800 cfs. 
The Corps of Engineers permit for operating the SMSCG requires that it be operated 
between October and May only when needed to meet Suisun Marsh salinity standards. 
Historically, the gate has been operated as early as October 1, while in some years (e.g. 
1996) the gate was not operated at all. When the channel water salinity decreases 
sufficiently below the salinity standards, or at the end of the control season, the 
flashboards are removed and the gates raised to allow unrestricted movement through 
Montezuma Slough. Details of annual gate operations can be found in “Summary of 
Salinity Conditions in Suisun Marsh During Water Years 1984-1992" (DWR, 1994b), or 
the “Suisun Marsh Monitoring Program Data Summary” produced annually by DWR, 
Division of Environmental Services. 

The approximately 2,800 cfs net flow induced by SMSCG operation is effective at 
moving the salinity downstream in Montezuma Slough. Salinity is reduced by roughly 
one-hundred percent at Beldons Landing, and lesser amounts further west along 
Montezuma Slough. At the same time, the salinity field in Suisun Bay moves upstream as 
net Delta outflow (measured nominally at Chipps Island) is reduced by gate operation 
(Figure 14). Net outflow through Carquinez Strait is not affected. Figure 14 indicates the 
approximate position of X2 and how is transported upstream when the gate is operated.  
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Figure 14 Average of seven years salinity response to SMSCG gate operation in 
Montezuma Slough and Suisun Bay.  

Note: Magenta line is salinity profile 1 day before gate operation, blue line is salinity 10 days after gate 
operation. 

It is important to note that historical gate operations (1988 – 2002) were much more 
frequent than recent and current operations (2006 – May 2008). Operational frequency is 
affected by many drivers (hydrologic conditions, weather, Delta outflow, tide, fishery 
considerations, etc). The gates have also been operated for scientific studies. Figure 15 
shows that the gates were operated between 60 and 120 days between October and 
December during the early years (1988-2004). Salmon passage studies between 1998 and 
2003 increased the number of operating days by up to 14 to meet study requirements. 
After discussions with NMFS based on study findings, the boat lock portion of the gate is 
now held open at all times during SMSCG operation to allow for continuous salmon 
passage opportunity. With increased understanding of the effectiveness of the gates in 

 113 



 

lowering salinity in Montezuma Slough, salinity standards have been met with less 
frequent gate operation since 2006. Figure 16 shows that despite very low outflow in the 
fall of the two most recent water years, gate operation was not required at all in fall 2007 
and was limited to 17 days in winter 2008. Assuming no significant, long-term changes in 
the drivers mentioned above, this level of operational frequency (10 – 20 days per year) 
can generally be expected to continue to meet standards in the future except perhaps 
during the most critical hydrologic conditions and/or other conditions that affect Delta 
outflow.  

 

 

 
Figure 15 SMSCG operation frequency versus outflow since 1988. 

SMSCG Fish Passage Study  

The SMSCG were constructed and operate under Permit 16223E58 issued by the Corps, 
which includes a special condition to evaluate the nature of delays to migrating fish. 
Ultrasonic telemetry studies in 1993 and 1994 showed that the physical configuration and 
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operation of the gates during the Control Season have a negative effect on adult salmonid 
passage (Tillman et al 1996: Edwards et al 1996).  

DWR coordinated additional fish passage studies in 1998, 1999, 2001, 2002, 2003, and 
2004. Migrating adult fall-run Chinook salmon were tagged and tracked by telemetry in 
the vicinity of the SMSCG to assess potential measures to increase the salmon passage 
rate and decrease salmon passage time through the gates. 

Results in 2001, 2003, and 2004 indicate that leaving the boat-lock open during the 
Control Season when the flashboards are in place at the SMSCG and the radial gates are 
tidally operated provides a nearly equivalent fish passage to the Non-Control Season 
configuration when the flashboards are out and the radial gates are open. This approach 
minimizes delay and blockage of adult Sacramento River winter-run Chinook salmon, 
Central Valley spring-run Chinook salmon, and Central Valley steelhead migrating 
upstream during the Control Season while the SMSCG is operating. However, the boat-
lock gates may be closed temporarily to stabilize flows to facilitate safe passage of 
watercraft through the facility.  

Reclamation and DWR are continuing to coordinate with the SMSCG Steering 
Committee in identifying water quality criteria, operational rules, and potential measures 
to facilitate removal of the flashboards during the Control Season that would provide the 
most benefit to migrating fish. However, the flashboards would not be removed during 
the Control Season unless it was certain that standards would be met for the remainder of 
the Control Season without the flashboards installed. 

Roaring River Distribution System 

The Roaring River Distribution System (RRDS) was constructed during 1979 and 1980 
as part of the Initial Facilities in the Plan of Protection for the Suisun Marsh. The system 
was constructed to provide lower salinity water to 5,000 acres of private and 3,000 acres 
of DFG managed wetlands on Simmons, Hammond, Van Sickle, Wheeler, and Grizzly 
Islands.  

The RRDS includes a 40-acre intake pond that supplies water to Roaring River Slough. 
Motorized slide gates in Montezuma Slough and flap gates in the pond control flows 
through the culverts into the pond. A manually operated flap gate and flashboard riser are 
located at the confluence of Roaring River and Montezuma Slough to allow drainage 
back into Montezuma Slough for controlling water levels in the distribution system and 
for flood protection. DWR owns and operates this drain gate to ensure the Roaring River 
levees are not compromised during extremely high tides. 

Water is diverted through a bank of eight 60-inch-diameter culverts equipped with fish 
screens into the Roaring River intake pond on high tides to raise the water surface 
elevation in RRDS above the adjacent managed wetlands. Managed wetlands north and 
south of the RRDS receive water, as needed, through publicly and privately owned 
turnouts on the system. 

The intake to the RRDS is screened to prevent entrainment of fish larger than 
approximately 25 mm. DWR designed and installed the screens based on DFG criteria. 
The screen is a stationary vertical screen constructed of continuous-slot stainless steel 
wedge wire. All screens have 3/32-inch slot openings. After the listing of delta smelt, 
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RRDS diversion rates have been controlled to maintain an average approach velocity 
below 0.2 ft/s at the intake fish screen. Initially, the intake culverts were held at about 20 
percent capacity to meet the velocity criterion at high tide. Since 1996, the motorized 
slide gates have been operated remotely to allow hourly adjustment of gate openings to 
maximize diversion throughout the tide. 

Routine maintenance of the system is conducted by DWR and primarily consists of 
maintaining the levee roads and fish screens. RRDS, like other levees in the marsh, have 
experienced subsidence since the levees were constructed in 1980. In 1999, DWR 
restored all 16 miles of levees to design elevation as part of damage repairs following the 
1998 flooding in Suisun Marsh. In 2006, portions of the north levee were repaired to 
address damage following the January 2006 flooding. 

Morrow Island Distribution System 

The Morrow Island Distribution System (MIDS) was constructed in 1979 and 1980 in the 
south-western Suisun Marsh as part of the Initial Facilities in the Plan of Protection for 
the Suisun Marsh. The contractual requirement for the Reclamation and DWR is to 
provide water to the ownerships so that lands may be managed according to approved 
local management plans.The system was constructed primarily to channel drainage water 
from the adjacent managed wetlands for discharge into Suisun Slough and Grizzly Bay. 
This approach increases circulation and reduces salinity in Goodyear Slough (GYS).  

The MIDS is used year-round, but most intensively from September through June. When 
managed wetlands are filling and circulating, water is tidally diverted from Goodyear 
Slough just south of Pierce Harbor through three 48-inch culverts. Drainage water from 
Morrow Island is discharged into Grizzly Bay by way of the C-Line Outfall (two 36-inch 
culverts) and into the mouth of Suisun Slough by way of the M-Line Outfall (three 48-
inch culverts), rather than back into Goodyear Slough. This helps prevent increases in 
salinity due to drainage water discharges into Goodyear Slough. The M-Line ditch is 
approximately 1.6 miles in length and the C-Line ditch is approximately 0.8 miles in 
length. 

The 1997 Service BO issued for dredging of the facility included a requirement for 
screening the diversion to protect delta smelt. Due to the high cost of fish screens and the 
lack of certainty surrounding their effectiveness at MIDS, DWR and Reclamation 
proposed to investigate fish entrainment at the MIDS intake with regard to fishery 
populations in Goodyear Slough and to evaluate whether screening the diversion would 
provide substantial benefits to local populations of listed fish species. Comment: moving 
to baseline or effect 

To meet contractual commitments, the typical MIDS annual operation are described in 
detail in the BA. There are currently no plans to modify operations. 

South Delta Temporary Barriers Project 
The South Delta Temporary Barrier Project (TBP) was initiated by DWR in 1991. Permit 
extensions were granted in 1996 and again in 2001, when DWR obtained permits to 
extend the Temporary Barriers Project through 2007. The Service has approved the 
extension of the permits through 2008. Continued coverage by the Service for the TBP 
will be assessed under this biological opinion for the operational effects and under a 
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separate Section 7 consultation for the construction and demolition effects. The NMFS 
recently submitted a biological opinion to the Corps which provides incidental take 
coverage for the continuation of the TBP through 2010.  

The project consists of four rock barriers across south Delta channels. In various 
combinations, these barriers improve water levels and San Joaquin River salmon 
migration in the south Delta. The existing TBP consists of installation and removal of 
temporary rock barriers at the following locations: 

• Middle River near Victoria Canal, about 0.5 miles south of the confluence of 
Middle River, Trapper Slough, and North Canal 

• Old River near Tracy, about 0.5 miles east of the DMC intake 

• Grant Line Canal near Tracy Boulevard Bridge, about 400 feet east of Tracy 
Boulevard Bridge 

• The head of Old River at the confluence of Old River and San Joaquin River 

The barriers on Middle River, Old River near Tracy, and Grant Line Canal are flow 
control facilities designed to improve water levels for agricultural diversions and are in 
place during the growing season. Under the Service BO for the Temporary Barriers, 
operation of the barriers at Middle River and Old River near Tracy can begin May 15, or 
as early as April 15 if the spring barrier at the head of Old River is in place. From May 16 
to May 31 (if the barrier at the head of Old River is removed) the tide gates are tied open 
in the barriers in Middle River and Old River near Tracy. After May 31, the barriers in 
Middle River, Old River near Tracy, and Grant Line Canal are permitted to be 
operational until they are completely removed by November 30.  

During the spring, the barrier at the head of Old River is designed to reduce the number 
of out-migrating salmon smolts entering Old River. During the fall, this barrier is 
designed to improve flow and DO conditions in the San Joaquin River for the 
immigration of adult fall-run Chinook salmon. The barrier at the head of Old River 
barrier is typically in place between April 15 to May 15 for the spring, and between early 
September to late November for the fall. Installation and operation of the barrier also 
depends on San Joaquin flow conditions.  

Proposed Installation and Operations of the Temporary Barriers 

The installation and operation of the TBP will continue until the permanent gates are 
constructed. The proposed installation schedule through 2010 will be identical to the 
current schedule. However, because of recent court rulings to protect Delta smelt, the 
installation of the spring HOR barrier was prohibited in 2008. As a result, the agricultural 
barriers installations were delayed according to the current permits until mid-May. 

To improve water circulation and quality, DWR in coordination with the South Delta 
Water Agency and Reclamation, began in 2007 to manually tie open the culvert flap 
gates at the Old River near Tracy barrier to improve water circulation and untie them 
when water levels fell unacceptably. This operation is expected to continue in subsequent 
years as needed to improve  quality. Adjusting the barrier weir heights is being 
considered to improve water quality and circulation.  DWR will consult with the Service 
and NMFS if changes in the height of any or all of the weirs is sought. 
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As the permanent gates are being constructed, temporary barrier operations will continue 
as planned and permitted. Computer model forecasts, real time monitoring, and 
coordination with local, State, and federal agencies and stakeholders will help determine 
if the temporary rock barriers operations need to be modified during the transition period.  

Conservation Strategies and Mitigation Measures 
Various measures and conditions required by regulatory agencies under past and current 
permits to avoid, minimize, and compensate for the TBP impacts have been complied 
with by DWR. An ongoing monitoring plan is implemented each year the barriers are 
installed and an annual monitoring report is prepared to summarize the activities. The 
monitoring elements include fisheries monitoring and water quality analysis, Head of Old 
River fish entrainment and Kodiak trawling study, salmon smolt survival investigations, 
barrier effects on SWP and CVP entrainment, Swainson’s Hawk monitoring, water 
elevation, water quality sampling, and hydrologic modeling.  DWR operates fish screens 
at Sherman Island. 

San Luis Complex 
Water in the mainstem of the California Aqueduct flows south by gravity into the San 
Luis Joint-Use Complex (Figure 16), which was designed and constructed by the federal 
government and is operated and maintained by the DWR. This section of the California 
Aqueduct serves both the SWP and the federal CVP.  
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Figure 16  San Luis Complex 

San Luis Reservoir, the nation’s largest offstream reservoir (it has no natural watershed), 
is impounded by Sisk Dam, lies at the base of the foothills on the west side of the San 
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Joaquin Valley in Merced County, about two miles west of O’Neill Forebay. The 
reservoir provides offstream storage for excess winter and spring flows diverted from the 
Delta. It is sized to provide seasonal carryover storage. The reservoir can hold 2,027,840 
af, of which 1,062,180 af is the state’s share, and 965,660 af is the federal share. 
Construction began in 1963 and was completed in 1967. Filled in 1969, the reservoir also 
provides a variety of recreational activities as well as fish and wildlife benefits.  

In addition to the Sisk Dam, San Luis Reservoir and O’Neill Dam and Forebay, the San 
Luis Complex consists of the following: (1) O’Neill Pumping-Generating Plant (Federal 
facility); (2) William R. Gianelli Pumping-Generating Plant (joint Federal-State 
facilities); (3) San Luis Canal (joint Federal-State facilities); (4) Dos Amigos Pumping 
Plant (joint Federal-State facilities); (5) Coalinga Canal (Federal facility); (6) Pleasant 
Valley Pumping Plant (Federal facility); and (7) the Los Banos and Little Panoche 
Detention Dams and Reservoirs (joint Federal-State facilities). 

The O’Neill Pumping-Generating Plant pumps water from the Delta-Mendota Canal to 
the O’Neill Forebay where it mixes with water from the California Aqueduct. From 
O’Neill Forebay, the water can either be pumped up into San Luis Reservoir via Gianelli 
Pumping-Generating Plant or leave via the San Luis Canal. The Dos Amigos Pumping 
Plant is located on the San Luis Canal and 18 miles southeast of Sisk Dam. It lifts water 
113 feet from the Aqueduct as it flows south from O’Neill Forebay.  

Los Banos Detention Dam and Reservoir provide flood protection for San Luis Canal, 
Delta Mendota Canal, the City of Los Banos, and other downstream developments. 
Between September and March, 14,000 af of space is maintained for flood control under 
specified conditions. Little Panoche Detention Dam and Reservoir provide flood 
protection for San Luis Canal, Delta Mendota Canal and other downstream 
developments. Water is stored behind the dam above dead storage of 315 af only during 
the period that inflow from Little Panoche Creek exceeds the capacity of the outlet 
works.  

To provide water to CVP and SWP contractors: (1) water demands and anticipated water 
schedules for water service contractors and exchange contractors must be determined; (2) 
a plan to fill and draw down San Luis Reservoir must be made; and (3) Delta pumping 
and San Luis Reservoir use must be coordinated. 

The San Luis Reservoir has very little natural inflow. Water is redirected during the fall, 
winter and spring months when the two pumping plants can divert more water from the 
Delta than is needed for scheduled demands. Because the amount of water that can be 
diverted from the Delta is limited by available water supply, Delta constraints, and the 
capacities of the two pumping plants, the fill and drawdown cycle of San Luis Reservoir 
is an extremely important element of Project operations. 

Reclamation attempts to maintain adequate storage in San Luis Reservoir to ensure 
delivery capacity through Pacheco Pumping Plant to the San Felipe Division.  Delivery 
capacity is significantly diminished as reservoir levels drop to the 326 ft elevation 
(79,000 acre-feet), the bottom of the lowest Pacheco Tunnel Inlet pipe. Lower reservoir 
elevations can also result in turbidity and algal treatment problems for the San Felipe 
Division water users.  These conditions of reduced or impending interruption in San 
Felipe Division deliveries require operational responses by Santa Clara Valley Water 
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District to reduce or eliminate water deliveries for in-stream and offstream groundwater 
recharge, and to manage for treatment plant impacts.  Depending on availability of local 
supplies, prolonged reduction or interruption in San Felipe Division deliveries may also 
result in localized groundwater overdraft. 

A typical San Luis Reservoir annual operation cycle starts with the CVP’s share of the 
reservoir storage nearly empty at the end of August. Irrigation demands decrease in 
September and the opportunity to begin refilling San Luis Reservoir depends on the 
available water supply in the northern CVP reservoirs and the pumping capability at 
Jones Pumping Plant that exceeds water demands. Jones Pumping Plant operations 
generally continue at the maximum diversion rates until early spring, unless San Luis 
Reservoir is filled or the Delta water supply is not available. As outlined in the Interior’s 
Decision on Implementation of Section 3406 (b)(2) of the CVPIA, Jones Pumping Plant 
diversion rates may be reduced during the fill cycle of the San Luis Reservoir for fishery 
management.  

In April and May, export pumping from the Delta is limited during the SWRCB D-1641 
San Joaquin River pulse period standards as well as by the Vernalis Adaptive 
Management Program. During this same time, CVP-SWP irrigation demands are 
increasing. Consequently, by April and May the San Luis Reservoir has begun the annual 
drawdown cycle. In some exceptionally wet conditions, when excess flood water supplies 
from the San Joaquin River or Tulare Lake Basin occur in the spring, the San Luis 
Reservoir may not begin its drawdown cycle until late in the spring.  

In July and August, the Jones Pumping Plant diversion is at the maximum capability and 
some CVP water may be exported using excess Banks Pumping Plant capacity as part of 
a Joint Point of Diversion operation. Irrigation demands are greatest during this period 
and San Luis continues to decrease in storage capability until it reaches a low point late in 
August and the cycle begins anew. 

San Luis Unit Operation 
The CVP operation of the San Luis Unit requires coordination with the SWP since some 
of its facilities are entirely owned by the State and others are joint State and Federal 
facilities. Similar to the CVP, the SWP also has water demands and schedules it must 
meet with limited water supplies and facilities. Coordinating the operations of the two 
projects avoids inefficient situations (for example, one entity pumping water at the San 
Luis Reservoir while the other is releasing water). 

Total CVP San Luis Unit annual water supply is contingent on coordination with the 
SWP needs and capabilities. When the SWP excess capacity is used to support additional 
pumping for the CVP JPOD allowance  it may be of little consequence to SWP 
operations, but extremely critical to CVP operations. The availability of excess SWP 
capacity for the CVP is contingent on the ability of the SWP to meet its SWP contractors’ 
water supply commitments. Generally, the CVP will utilize excess SWP capacity; 
however, there are times when the SWP may need to utilize excess CVP capacity. 
Additionally, close coordination by CVP and SWP is required during this type of 
operation to ensure that water pumped into O’Neill Forebay does not exceed the CVP’s 
capability to pump into San Luis Reservoir or into the San Luis Canal at the Dos Amigos 
Pumping Plant.  
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Although secondary to water management concerns, power scheduling at the joint 
facilities also requires close coordination. Because of time-of-use power cost differences, 
both entities will likely want to schedule pumping and generation simultaneously. When 
facility capabilities of the two projects are limited, equitable solutions are achieved 
between the operators of the SWP and the CVP.  

From time to time, coordination between the Projects is also necessary to avoid sustained 
rapid drawdown limit at San Luis Reservoir which can cause sloughing of the bank 
material into the reservoir, resulting in water quality degradation and requiring additional 
maintenance on the dam. 

With the existing facility configuration, the operation of the San Luis Reservoir could 
impact the water quality and reliability of water deliveries to the San Felipe Division, if 
San Luis Reservoir is drawn down too low. Reclamation has an obligation to address this 
condition and may solicit cooperation from DWR, as long as changes in SWP operations 
to assist with providing additional water in San Luis Reservoir (beyond what is needed 
for SWP deliveries and the SWP share of San Luis Reservoir minimum storage) does not 
impact SWP allocations and/or deliveries. If the CVP is not able to maintain sufficient 
storage in San Luis Reservoir, there could be potential impacts to resources in Santa 
Clara and San Benito Counties. Solving the San Luis low point problem or developing an 
alternative method to deliver CVP water to the San Felipe Division would allow 
Reclamation to utilize the CVP share of San Luis Reservoir fully without impacting the 
San Felipe Division water supply. If Reclamation pursues changes to the operation of the 
CVP (and SWP), such changes would have to be consistent with the operating criteria of 
the specific facility. If alternate delivery methods for the San Felipe Division are 
implemented, it may allow the CVP to utilize more of it available storage in San Luis 
Reservoir, but may not change the total diversions from the Delta. For example, any 
changes in Delta pumping that would be the result of additional effective storage capacity 
in San Luis Reservoir would be consistent with the operating conditions for the Banks 
and Jones Pumping Plants. 
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  Figure 17 Total Annual Pumping at Banks and Jones Pumping Plant 1978-2007 (MAF) 
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Table 25 Total Annual Pumping at Banks and Jones Pumping Plant 1978-2007 (MAF) 

 Hydrologic  Banks   Jones  Contra CVP Total SWP Total CVP Shasta 

 Index SWP CVP Total SWP CVP Total Costa Delta Delta SOD-Ag Index 

WY 40-30-30        Pumping Pumping Allocation Critical 

1978 AN 2.01 0.04 2.05 0.00 2.26 2.26 0.08 2.38 2.01 100%  

1979 BN 1.76 0.23 1.98 0.00 2.30 2.30 0.09 2.61 1.76 100%  

1980 AN 2.17 0.34 2.52 0.00 2.00 2.00 0.09 2.43 2.17 100%  

1981 D 1.97 0.10 2.07 0.00 2.60 2.60 0.11 2.80 1.97 100%  

1982 W 2.43 0.20 2.63 0.00 1.97 1.97 0.08 2.25 2.43 100%  

1983 W 1.76 0.13 1.89 0.00 2.51 2.51 0.08 2.72 1.76 100%  

1984 W 1.40 0.25 1.65 0.00 2.19 2.19 0.10 2.54 1.40 100%  

1985 D 2.16 0.53 2.68 0.00 2.79 2.79 0.11 3.43 2.16 100%  

1986 W 2.46 0.21 2.67 0.00 2.62 2.62 0.11 2.94 2.46 100%  

1987 D 2.01 0.27 2.28 0.00 2.76 2.76 0.13 3.16 2.01 100%  

1988 C 2.32 0.38 2.71 0.00 2.90 2.90 0.14 3.42 2.32 100%  

1989 D 2.70 0.39 3.10 0.00 2.87 2.87 0.13 3.40 2.70 100%  

1990 C 2.85 0.24 3.09 0.00 2.70 2.70 0.14 3.07 2.85 50%  

1991 C 1.64 0.14 1.78 0.00 1.41 1.41 0.11 1.65 1.64 25% C 

1992 C 1.51 0.04 1.55 0.00 1.34 1.34 0.10 1.49 1.51 25% C 

1993 AN 2.53 0.02 2.56 0.00 2.11 2.11 0.10 2.22 2.53 50%  

1994 C 1.73 0.24 1.97 0.00 2.02 2.02 0.11 2.37 1.73 35% C 

1995 W 2.48 0.03 2.50 0.00 2.58 2.58 0.09 2.70 2.48 100%  

1996 W 2.60 0.01 2.61 0.06 2.57 2.63 0.10 2.68 2.66 95%  

1997 W 2.12 0.34 2.46 0.00 2.51 2.51 0.11 2.96 2.12 90%  

1998 W 2.07 0.04 2.11 0.01 2.46 2.47 0.16 2.66 2.09 100%  

1999 W 2.37 0.04 2.41 0.00 2.26 2.26 0.13 2.44 2.37 70%  

2000 AN 3.45 0.22 3.66 0.00 2.49 2.49 0.13 2.83 3.45 65%  

2001 D 2.37 0.23 2.60 0.01 2.31 2.32 0.10 2.65 2.38 49%  

2002 D 2.70 0.17 2.87 0.00 2.46 2.46 0.12 2.75 2.70 70%  

2003 AN 3.39 0.04 3.43 0.00 2.68 2.68 0.14 2.86 3.39 75%  

2004 BN 3.14 0.09 3.23 0.00 2.72 2.72 0.12 2.93 3.14 70%  

2005 AN 3.58 0.03 3.61 0.00 2.68 2.68 0.12 2.83 3.58 85%  

2006 W 3.50 0.01 3.51 0.00 2.62 2.62 0.12 2.74 3.50 100%  

2007 D 2.82 0.11 2.93 0.00 2.67 2.67 0.11 2.90 2.82 50%  

             

Source:  CVO Operations Data Base         

         

Transfers 

California Water Law and the CVPIA promote water transfers as important water 
resource management measures to address water shortages provided certain protections to 
source areas and users are incorporated into the water transfer. Parties seeking water 
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transfers generally acquire water from sellers who have surplus reservoir storage water, 
sellers who can pump groundwater instead of using surface water, or sellers who will 
fallow crops or substitute a crop that uses less water in order to reduce normal 
consumptive use of surface diversions.  

Water transfers (relevant to this document) occur when a water right holder within the 
Delta or Sacramento-San Joaquin watershed undertakes actions to make water available 
for transfer by export from the Delta. With the exception of the flows pursuant to the 
Yuba River Accord, this Biological Opinion does not address the upstream operations 
that may be necessary to make water available for transfer. Also, this document does not 
address the impacts of water transfers to terrestrial species. The flows for the Yuba River 
Accord may provide up to 60,000 acre feet annually for EWA, in the lower Yuba River 
(estimated to provide up to 48,000 acre feet of additional Delta export), and may provide 
additional water to the CVP and SWP and their contractors in drier years. The upstream 
effects of other transfers and effects to terrestrial species would require a separate ESA 
consultation. 

Transfers requiring export from the Delta are done at times when pumping and 
conveyance capacity at Banks or Jones is available to move the water. Additionally, 
operations to accomplish these transfers must be carried out in coordination with CVP 
and SWP operations, such that the capabilities of the Projects to exercise their own water 
rights or to meet their legal and regulatory requirements are not diminished or limited in 
any way.   

In particular, parties to the transfer are responsible for providing for any incremental 
changes in flows required to protect Delta water quality standards. All transfers will be in 
accordance with all existing regulations and requirements.  

Purchasers of water for water transfers may include Reclamation, DWR, SWP 
contractors, CVP contractors, other State and Federal agencies, or other parties. DWR 
and Reclamation have operated water acquisition programs in the past to provide water 
for environmental programs and additional supplies to SWP contractors, CVP 
contractors, and other parties. The DWR programs include the 1991, 1992, and 1994 
Drought Water Banks and Dry Year Programs in 2001 and 2002. Reclamation operated a 
forbearance program in 2001 by purchasing CVP contractors’ water in the Sacramento 
Valley for CVPIA in-stream flows, and to augment water supplies for CVP contractors 
south of the Delta and wildlife refuges. Reclamation administers the CVPIA Water 
Acquisition Program for Refuge Level 4 supplies and fishery in-stream flows. The 
CALFED Ecosystem Restoration Program (ERP) will, in the future, acquire water for 
fishery and ecosystem restoration. DWR, and potentially Reclamation in the future, has 
agreed to participate in a Yuba River Accord that will provide fish flows on the Yuba 
River and also water supply that may be transferred at DWR and Reclamation Delta 
Facilities. It is anticipated that Reclamation will join in the Accord and fully participate 
in the Yuba Accord upon completion of this consultation. The Yuba River Accord water 
would be transferred to offset VAMP water costs.  

Also in the past, CVP and SWP contractors have also independently acquired water and 
arranged for pumping and conveyance through SWP facilities. State Water Code 
provisions grant other parties access to unused conveyance capacity, although SWP 
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contractors have priority access to capacity not being used by the DWR to meet SWP 
contract amounts. 

The Yuba River Accord includes three separate but interrelated agreements that would 
protect and enhance fisheries resources in the lower Yuba River, increase local water 
supply reliability, and provide DWR with increased operational flexibility for protection 
of Delta fisheries resources through Project re-operation, and provision of added dry-year 
water supplies to state and federal water contractors. These proposed agreements are the: 

• Principles of Agreement for Proposed Lower Yuba River Fisheries Agreement 
(Fisheries Agreement) 

• Principles of Agreement for Proposed Conjunctive Use Agreements (Conjunctive 
Use Agreements) 

• Principles of Agreement for Proposed Long-term Transfer Agreement (Water 
Purchase Agreement) 

The Fisheries Agreement was developed by state, federal, and consulting fisheries 
biologists, fisheries advocates, and policy representatives. Compared to the interim flow 
requirements of the SWRCB Revised Water Right Decision 1644 (RD-1644), the 
Fisheries Agreement would establish higher minimum instream flows during most 
months of most water years. 

To assure that Yuba County Water Agency’s (YCWA) water supply reliability would not 
be reduced by the higher minimum instream flows, YCWA and its participating Member 
Units would implement the Conjunctive Use Agreements. These agreements would 
establish a comprehensive conjunctive use program that would integrate the surface water 
and groundwater supplies of the local irrigation districts and mutual water companies that 
YCWA serves in Yuba County. Integration of surface water and groundwater would 
allow YCWA to increase the efficiency of its water management. 

Under the Water Purchase Agreement, DWR would enter into an agreement with YCWA 
to purchase water from YCWA to off-set water costs resulting from VAMP as long as 
operational and hydrological conditions allow. Additional water purchased by DWR 
would be available for south-of-Delta CVP and SWP contractors in drier years. The 
limited EWA would take delivery of 60,000 af (48,000 af export) of water in every year; 
the CVP/SWP would receive additional water in the drier years. In the future 
Reclamation may become a party to the Water Purchase Agreement.  

The Fisheries Agreement is the cornerstone of the Yuba Accord Alternative. To become 
effective, however, all three agreements (Fisheries, Conjunctive Use, and Water 
Purchase) must undergo CEQA and NEPA review and be fully approved and executed by 
the individual parties to each agreement. Also, implementation of the Yuba Accord 
Alternative would require appropriate SWRCB amendments of YCWA’s water-right 
permits and RD-1644. CEQA review is complete, the agreements are being executed, and 
the SWRCB approved the Yuba River Accord. 

Transfer Capacity 
Reclamation assumes as part of the project description that the  water transfer programs 
for environmental and water supply augmentation will continue in some form, and that in 
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most years (all but the driest), the scope of annual water transfers will be limited by 
available Delta pumping capacity, and exports for transfers will be limited to the months 
July-September. As such, looking at an indicator of available transfer capacity in those 
months is one way of estimating an upper boundary to the effects of transfers on an 
annual basis. 

The CVP and SWP may provide Delta export pumping for transfers using pumping 
capacity at Banks and Jones beyond that which is being used to deliver project water 
supply, up to the physical maximums of the pumps, consistent with prevailing operations 
constraints such as E/I ratio, conveyance or storage capacity, and any protective criteria 
in effect that may apply as conditions on such transfers. For example, pumping for 
transfers may have conditions for protection of Delta water levels, water quality, 
fisheries, or other beneficial uses. 

The surplus capacity available for transfers will vary a great deal with hydrologic 
conditions. In general, as hydrologic conditions get wetter, surplus capacity diminishes 
because the CVP and SWP are more fully using export pumping capacity for Project 
supplies. CVP’s Jones Pumping Plant, with no forebay for pumped diversions and with 
limited capability to fine tune rates of pumping, has little surplus capacity, except in the 
driest hydrologic conditions. SWP has the most surplus capacity in critical and some dry 
years, less or sometimes none in a broad middle range of hydrologic conditions, and 
some surplus again in some above normal and wet years when demands may be lower 
because contractors have alternative supplies.  

The availability of water for transfer and the demand for transfer water may also vary 
with hydrologic conditions. Accordingly, since many transfers are negotiated between 
willing buyers and sellers under prevailing market conditions, price of water also may be 
a factor determining how much is transferred in any year. This document does not 
attempt to identify how much of the available and useable surplus export capacity of the 
CVP and SWP will actually be used for transfers in a particular year, but recent history, 
the expectations for the future limited EWA, and the needs of other transfer programs 
suggest a growing reliance on transfers.  

Under both the present and future conditions, capability to export transfers will often be 
capacity-limited, except in Critical and some Dry years. In these Critical and some Dry 
years, both Banks and Jones have more available capacity for transfers, so export 
capacity is less likely to limit transfers. Rather, either supply or demand for transfers may 
be a limiting factor. During  such years, low project exports and high demand for water 
supply could make it possible to transfer larger amounts of water.  

Proposed Exports for Transfers 
Although transfers may occur at any time of year, proposed exports for transfers apply 
only to the months July through September.  For transfers outside those months, or in 
excess of the proposed amounts, Reclamation and DWR would request separate 
consultation.  In consideration of  the estimates of available capacity for export of 
transfers during July-September, and in recognition of the many other possible operations 
contingencies and constraints that may limit actual use of that capacity for transfers, the 
proposed use of SWP/CVP export capacity for transfers is as follows: 
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   Water Year Class  Maximum Transfer Amount 

   Critical    up to 600 kaf  

   Dry (following Critical)  up to 600 kaf 

   Dry (following Dry)   up to 600 kaf 

   All other Years   up to 360 kaf 

 

Other Projects 
The following projects may not have final approval. However, Reclamation believes they 
may be implemented in the near term. Reclamation is including these actions in the 
project description so that the effects of these actions on aquatic species may be analyzed. 
The analysis does not include any effects to terrestrial species. These will be addressed in 
separate construction consultation. 

DMC/CA Intertie Proposed Action 

The proposed action, known as the DMC and CA Intertie (DMC/CA Intertie), consists of 
construction and operation of a pumping plant and pipeline connections between the 
DMC and the CA. The DMC/CA Intertie alignment is proposed for DMC milepost 7.2 
where the DMC and the CA are about 500 feet apart.  

The DMC/CA Intertie would be used in a number of ways to achieve multiple benefits, 
including meeting current water supply demands, allowing for the maintenance and repair 
of the CVP Delta export and conveyance facilities, and providing operational flexibility 
to respond to emergencies. The Intertie would allow flow in both directions, which would 
provide additional flexibility to both CVP and SWP operations. The Intertie includes a 
467 cfs pumping plant at the DMC that would allow up to 467 cfs to be pumped from the 
DMC to the CA. Up to 900 cfs flow could be conveyed from the CA to the DMC using 
gravity flow. The intertie will not be used to increase total CVP exports until certain 
criteria are in place. 

The DMC/CA Intertie will be operated by the San Luis and Delta-Mendota Water 
Authority (Authority). A three-way agreement among Reclamation, DWR, and the 
Authority would identify the responsibilities and procedures for operating the Intertie. 
The Intertie would be owned by Reclamation. A permanent easement would be obtained 
by Reclamation where the Intertie alignment crossed State property. 

Location 
The site of the proposed action is an unincorporated area of Alameda County, west of the 
City of Tracy. The site is situated in a rural area zoned for general agriculture and is 
under Federal and State ownership. The DMC/CA Intertie would be located at milepost 
7.2 of the DMC, connecting with milepost 9.0 of the CA.  

Operations 
The Intertie would be used under three different scenarios: 
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1. Up to 467 cfs would be pumped from the DMC to the CA to help meet water 
supply demands of CVP contractors. This would allow Jones Pumping Plant to 
pump to its authorized capacity of up to 4,600 cfs, subject to all applicable export 
pumping restrictions for water quality and fishery protections.  

2. Up to 467 cfs would be pumped from the DMC to the CA to minimize impacts to 
water deliveries due to temporary restrictions in flow or water levels on the lower 
DMC (south of the Intertie) or the upper CA (north of the Intertie) for system 
maintenance or due to an emergency shutdown. 

3. Up to 900 cfs would be conveyed from the CA to the DMC using gravity flow to 
minimize impacts to water deliveries due to temporary restrictions in flow or 
water levels on the lower CA (south of the Intertie) or the upper DMC (north of 
the Intertie) for system maintenance or due to an emergency shutdown.  

The DMC/CA Intertie provides operational flexibility between the DMC and CA. It 
would not result in any changes to authorized pumping capacity at Jones Pumping Plant 
or Banks Delta Pumping Plant.  

Water conveyed at the Intertie to minimize reductions to water deliveries during system 
maintenance or an emergency shutdown on the DMC or CA could include pumping of 
CVP water at Banks Pumping Plant or SWP water at Jones Pumping Plant through use of 
JPOD. In accordance with COA Articles 10(c) and 10(d), JPOD may be used to replace 
conveyance opportunities lost because of scheduled maintenance, or unforeseen outages. 
Use of JPOD for this purpose could occur under Stage 2 operations defined in SWRCB 
D-1641, or could occur as a result of a Temporary Urgency request to the SWRCB. Use 
of JPOD in this case does not result in any net increase in allowed exports at CVP and 
SWP export facilities. When in use, water within the DMC would be transferred to the 
CA via the Intertie. Water diverted through the Intertie would be conveyed through the 
CA to O’Neill Forebay. 

Freeport Regional Water Project 

The Freeport Regional Water Project (FRWP) is currently under construction. Once 
completed FRWP will divert up to a maximum of about 286 cubic feet per second (cfs) 
from the Sacramento River near Freeport for Sacramento County (deliveries expected in 
2011) and East Bay Municipal Utility District (EBMUD) deliveries expected in late 
2009. EBMUD will divert water pursuant to its amended contract with Reclamation. The 
County will divert using its water rights and its CVP contract supply. This facility was 
not in the 1986 COA, and the diversions will result in some reduction in Delta export 
supply for both the CVP and SWP contractors. Pursuant to an agreement between 
Reclamation, DWR, and the CVP and SWP contractors in 2003, diversions to EBMUD 
will be treated as an export in the COA accounting and diversions to Sacramento County 
will be treated as an in-basin use. 

Reclamation proposes to deliver CVP water pursuant to its respective water supply 
contracts with SCWA and EBMUD through the FRWP, to areas in central Sacramento 
County. SCWA is responsible for providing water supplies and facilities to areas in 
central Sacramento County, including the Laguna, Vineyard, Elk Grove, and Mather 
Field communities, through a capital funding zone known as Zone 40. 
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The FRWP has a design capacity of 286 cfs (185 millions of gallons per day [mgd]). Up 
to 132 cfs (85 mgd) would be diverted under Sacramento County’s existing Reclamation 
water service contract and other anticipated water entitlements and up to 155 cfs (100 
mgd) of water would be diverted under EBMUD’s amended Reclamation water service 
contract. Under the terms of its amendatory contract with Reclamation, EBMUD is able 
to take delivery of Sacramento River water in any year in which EBMUD’s March 1 
forecast of its October 1 total system storage is less than 500,000 af. When this condition 
is met, the amendatory contract entitles EBMUD to take up to 133,000 af annually. 
However, deliveries to EBMUD are subject to curtailment pursuant to CVP shortage 
conditions and project capacity (100 mgd), and are further limited to no more than 
165,000 af in any 3-consecutive-year period that EBMUD’s October 1 storage forecast 
remains below 500,000 af. EBMUD would take delivery of its entitlement at a maximum 
rate of 100 mgd (112,000 af per year). Deliveries would start at the beginning of the CVP 
contract year (March 1) or any time afterward. Deliveries would cease when EBMUD’s 
CVP allocation for that year is reached, when the 165,000 af limitation is reached, or 
when EBMUD no longer needs the water (whichever comes first). Average annual 
deliveries to EBMUD are approximately 23,000 af. Maximum delivery in any one water 
year is approximately 99,000 af. 

The primary project components are (1) an intake facility on the Sacramento River near 
Freeport, (2) the Zone 40 Surface Water Treatment Plant (WTP) located in central 
Sacramento County, (3) a terminal facility at the point of delivery to the Folsom South 
Canal (FSC), (4) a canal pumping plant at the terminus of the FSC, (5) an Aqueduct 
pumping plant and pretreatment facility near Camanche Reservoir, and (6) a series of 
pipelines carrying water from the intake facility to the Zone 40 Surface WTP and to the 
Mokelumne Aqueducts. The existing FSC is part of the water conveyance system. See 
Chapter 9 for modeling results on annual diversions at Freeport in the American River 
Section, Modeling Results Section subheading. 

Alternative Intake Project 

CCWD’s Alternative Intake Project (AIP) consists of a new 250 cfs screened intake in 
Victoria Canal, and a pump station and ancillary structures, utilities, and access and 
security features; levee improvements; and a conveyance pipeline to CCWD’s existing 
conveyance facilities.  

CCWD will operate the intake and pipeline together with its existing facilities to better 
meet its delivered water quality goals and to better protect listed species.  Operations with 
the AIP will be similar to existing operations:  CCWD will deliver Delta water to its 
customers by direct diversion when salinity at its intakes is low enough, and will blend 
Delta water with releases from Los Vaqueros Reservoir when salinity at its intakes 
exceeds the delivered water quality goal.  Los Vaqueros Reservoir will be filled from the 
existing Old River intake or the new Victoria Canal intake during periods of high flow in 
the Delta, when Delta salinity is low.  The choice of which intake to use at any given time 
will be based in large part upon salinity, consistent with fish protection requirements in 
the biological opinions; salinity at the Victoria Canal intake site is at times lower than 
salinity at the existing intakes.  The no-fill and no-diversion periods described above will 
continue as part of CCWD operations, as will monitoring and shifting of diversions 
among the four intakes to minimize impacts to listed species. 
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The AIP is a water quality project, and will not increase CCWD’s average annual 
diversions from the Delta.  However, it will alter the timing and pattern of CCWD’s 
diversions in two ways:  winter and spring diversions will decrease while late summer 
and fall diversions increase because Victoria Canal salinity tends to be lower in the late 
summer and fall than salinity at CCWD’s existing intakes; and diversions at the 
unscreened Rock Slough Intake will decrease while diversions at screened intakes will 
increase.   It is estimated that with the AIP, Rock Slough intake diversions will fall to 
about 10% of CCWD’s total diversions, with the remaining diversions taking place at the 
other screened intakes.  About 88% of the diversions will occur at the Old River and 
Victoria Canal intakes, with the split between these two intakes largely depending on 
water quality. 

The effects of the AIP are covered by the April 27, 2007 Service BO for delta smelt 
(amended on May 16, 2007).  

Red Bluff Diversion Dam Pumping Plant 

Reclamation signed the ROD July 16, 2008 for RBDD pumping plant and plans to 
change the operation of the RBDD to improve fish passage problems. The project 
features construction of a new pumping plant and operation of the RBDD gates in the out 
position for approximately 10 months of the year. Reclamation is calling for the 
construction of a pumping plant upstream from the dam that could augment existing 
capabilities for diverting water into the Tehama-Colusa Canal during times when gravity 
diversion is not possible due to the RBDD gates being out. Reclamation completed ESA 
section 7 consultations with the Service and the NMFS to address construction of a new 
pumping plant at maximum capacity of 2,500 cfs. 

The new pumping plant would be capable of operating throughout the year, providing 
both additional flexibility in dam gate operation and water diversions for the Tehama-
Colusa Canal Authority (TCCA) customers. In order to improve adult green sturgeon 
passage during their spawning migrations (generally March through July) the gates could 
remain open during the early part of the irrigation season and the new pumping plant 
could be used alone or in concert with other means to divert water to the Tehama-Colusa 
and Corning canals. 

Green sturgeon spawn upstream of the diversion dam and the majority of adult upstream 
and downstream migrations occur prior to July and after August. After the new pumping 
plant has been constructed and is operational, Reclamation proposes to operate the Red 
Bluff Diversion Dam with the gates in during the period from four days prior to the 
Memorial Day weekend to three days after the holiday weekend (to facilitate the 
Memorial Day boat races in Lake Red Bluff), and between July 1 and the end of the 
Labor Day weekend. This operation would provide for improved sturgeon and salmon 
passage. 

The pumping plant project will occur in three phases. The first, completion of the 
NEPA/CEQA process has already been accomplished. The design and permitting phase is 
commencing, subject to the availability of funding, and is anticipated to take about 18-36 
months. As funding permits, property acquisition will also occur during this phase, and 
further funding commitments would be secured during this time. The final phase, 
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facilities construction, is anticipated to take approximately 18-36 months but this timeline 
will be updated during final design and permitting. 

South Delta Improvements Program Stage 1 

 The objectives of the SDIP are to:  1) reduce the movement of outmigrating salmon from 
the San Joaquin River into Old River, 2) maintain adequate water levels and circulation 
in south Delta channels, and 3) increase water delivery and reliability to the SWP and 
CVP by increasing the diversion limit at Clifton Court Forebay to 8500 cfs.5 

The decision to implement the proposed project is being done in two stages. Stage 1 will 
address the first two objectives and involves the construction and operation of gates at 
four locations in the south Delta channels. A decision to implement Stage 2 would 
address increasing the water delivery reliability of the SWP and CVP by increasing the 
diversion limit at Clifton Court Forebay. This decision has been deferred indefinitely. 

The Final EIR/EIS was completed in December 2006. DWR certified the final EIR as 
meeting the requirements of the California Environmental Quality Act at that time. The 
Department plans to issue a Notice of Determination to proceed with implementing Stage 
1 of the SDIP once the biological opinions on the continued long term operations of the 
CVP/SWP and the biological opinions for the dredging and construction of the gates are 
received. 

Reclamation and DWR are seeking to construct and operate the gates proposed for the 
four locations. Key operational features of these gates are included as part of this project 
description. Separate biological opinions will be conducted for the impacts of 
constructing the gates and the channel dredging contained in Stage 1. 

The permanent operable gates, which are planned to be constructed in the south Delta in 
late 2012, will be operated within an adaptive management framework, as described 
below under “Gate Operations Review Team,” so that the benefits from these gate 
operations can be maximized. The gates can be opened or closed at any time in response 
to the local tidal level and flow conditions within the south Delta. In this regard, they are 
very different from the temporary barriers that have been installed for the past several 
years. 

Because these operable gates are designed as “lift gates” that are hinged at the bottom of 
the channel, “closure” of the gates can be specified at any tidal level, leaving a weir 
opening for some tidal flow over the gate. The ability to operate the tidal gates to a 
specified weir crest elevation (i.e., top of the gates) that is relatively precise provides a 
great deal of flexibility. The top elevation of each individual gate can be slightly different 
(i.e., steps) to provide less weir flow as the tidal level declines. The top elevation of the 
gates can also be slowly raised or lowered to adjust the tidal level and/or tidal flow in 
response to local south Delta conditions. 

                                                 
5 This project description does not include any aspect of the SDIP that is not explicitly identified in the text. 
Examples of SDIP actions that are not included are construction of the four permanent gates and dredging. 
Both of these activities will be covered by subsequent consultation. 



 

South Delta Gates 
The proposed management of south Delta tidal level and tidal flow conditions involves 
the use of five gates: 

• CCF intake tidal gate (existing), 

• Grant Line Canal (at western end) flow control gate, 

• Old River at DMC flow control gate, 

• Middle River flow control gate, and 

• Head of Old River fish control gate. 

The CCF intake gate already exists and has been used since SWP began Banks operations 
in 1972 to control flows from Old River and maintain the water level inside of CCF. 
Unlike the existing CCF intake gate, the four other gates are proposed by SDIP and are 
not in place. The operation of the CCF intake gate is directly related to SWP export 
operations, but the operation of the fish and flow control gates, will serve the primary 
purpose of protecting fisheries and beneficial uses. 

These five gates in the south Delta would be operated to accomplish the following 
purposes: 

1. Maintain a relatively high water level within the CCF to allow SWP to maximize 
Banks pumping during the off-peak (nighttime) hours. The CCF level cannot be 
allowed to fall below –2 feet msl because of cavitation concerns at the SWP’s 
Banks pumps. The CCF gates are closed when the outside tidal level in Old River 
drops below the CCF level (to avoid outflow from CCF). As described earlier in 
this chapter, the CCF gates are also operated under three “gate priorities” to 
reduce water level impacts to other south Delta water users. 

2. Control the inflow to CCF below the design flow of about 15,000 cfs to prevent 
excessive erosion of the entrance channel. The CCF gates are partially closed 
when the difference between the CCF level and Old River tidal level is more than 
1.0 foot to avoid inflow velocities of greater than 10 feet/sec. 

3. Maintain the high-tide conditions in the south Delta by not diverting into CCF 
during the flood-tide period that precedes the higher-high tide each day. The CCF 
intake gates are closed for about 6 hours each day to preserve the high-tide level 
in Old River to supply sufficient water for Tom Paine Slough siphons. This CCF 
tidal gate operation is referred to as priority 3 by DWR, as described earlier in this 
chapter. 

4. Control the minimum tidal level elevation upstream of the flow-control gates to 
be greater than a selected target elevation (i.e., 0.0 feet msl). The flow-control 
gates can be closed (raised) to maintain a specified top elevation (e.g., 0.0 feet 
msl) as the upstream tidal level declines during ebb tide. 

5. Control the tidal flushing upstream of the flow-control gates with relatively low-
salinity water from Old River and Middle River downstream of the gates (i.e., 
high fraction of Sacramento River water). The flow-control gates would remain 
fully open during periods of flood tide (i.e., upstream flow) and then two of the 

 132 



 

gates would be fully closed (i.e., top elevation of gates above upstream water 
surface) during periods of ebb tide (i.e., downstream flow). The remaining gate 
(i.e., Grant Line) would be maintained at a lower elevation (i.e., 0.0 feet msl) to 
allow the ebb tide flow to exit from the south Delta channels so that the flood-tide 
flow over the gates can be maximized during each tidal cycle.  

Control the San Joaquin River flow diversion into Old River. This could increase the 
flow past Stockton and raise the low DO concentrations in the DWSC. Reduced flow to 
Old River might also reduce salinity in the south Delta channels by limiting the volume 
of relatively high-salinity water from the San Joaquin River that enters the south Delta 
channels. The head of Old River temporary barrier has been installed in October and 
November of many years to improve flow and DO conditions in the DWSC for up-
migrating Chinook salmon. In recent years, the barrier has also been installed in April 
and/or May during a portion of the outmigration period to reduce the percentage of 
Chinook salmon smolts that are diverted into Old River and toward Banks and Jones.  
The proposed SDIP gate operations will increase the tidal circulation in the south Delta 
channels. Gate operations to promote circulation would raise the Old River at Tracy and 
Middle River gates at each high tide to produce a circulation of water in the south Delta 
channels down Grant Line Canal. The Old River at Tracy and Middle River gates remain 
raised (closed) until the next flood-tide period when the downstream level is above the 
upstream water level. These gates are then lowered (opened) to allow flood-tide 
(upstream) flows across the gates. Gate operations to promote circulation use a Grant 
Line gate weir crest at -0.5 feet msl during most periods of ebb tide (downstream flow) to 
protect the minimum level elevation of 0.0 feet msl. All gates are lowered (i.e., opened) 
during floodtide periods as soon as the downstream tidal level is above the upstream 
water level.  

Head of Old River Fish Control Gate 
Spring Operations/ Real Time Decision Making 

Operation (closing) of the head of Old River fish control gate is currently proposed to 
begin on April 15. Spring operation is generally expected to continue through May 15, to 
protect outmigrating salmon and steelhead. During this time, the head of Old River gate 
would be fully closed, unless the San Joaquin River is flowing above 10,000 cfs or the 
GORT recommends a partial opening for other purposes.  The real time decision making 
process is described in detail previously. 

Summer and Fall Operations 

When the Spring operation is completed and through November 30, the head of Old 
River fish control gate would be operated to improve flow in the San Joaquin River, thus 
helping to avoid historically-present low dissolved oxygen conditions in the lower San 
Joaquin River near Stockton. During this period, partial operation of the gate (partial 
closure to restrict flows from the San Joaquin River into Old River to approximately 500 
cfs) may also be warranted to protect water quality in the South Delta channels. 
Generally, water quality in the south Delta channels is acceptable through June.  

Operations during the months of October and November to improve flow and water 
quality conditions (i.e., low dissolved oxygen) in the San Joaquin River for adult 
migrating Chinook salmon is expected to provide a benefit similar to that achieved with 
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the temporary barrier. Operations would not occur if the San Joaquin River flow at 
Vernalis is greater than 5,000 cfs because it is expected that this flow would maintain 
sufficient DO in the San Joaquin River.  

When the gate is not operated, it is fully lowered in the channel.  Operation of the gate is 
not proposed during the period December through March.   

Flow Control Gates 
The flow control gates in Middle River, Grant Line Canal, and Old River near the DMC, 
would be operated (closed during some portion of the tidal cycle) throughout the 
agricultural season of April 15 through November 30.  As with the head of Old River fish 
control gate, when the gates are not operated, they are fully lowered in the channel.  
Operation of the gates is not proposed during the period December through March.  Any 
operation of the gates proposed for the December-March period would require re-
initiation of ESA consultation. 

Spring Operations 

During April 15 through May 15(or until the Spring operation of the head of Old River 
gate is completed), water quality in the south Delta is acceptable for the beneficial uses, 
but closure of the head of Old River fish control gate has negative impacts on water 
levels in the south Delta. Therefore, the flow control gates would be operated to control 
minimum water levels in most year types. In the less frequent year types, dry or critically 
dry, when water quality in the south Delta is threatened by this static use of the gates, 
circulation may be induced to improve water quality in the south Delta channels. 
Circulation using the flow control gates is described in the summer operations section 
which follows. During these times, Reclamation and DWR have committed to 
maintaining 0.0 foot msl water levels  in Old River near the CVP Tracy facility and at the 
west end of Grant Line Canal. 

Summer and Fall Operations 

When the Spring operation of the head of Old River fish control gate is completed and 
through November 30, the gates would be operated to control minimum water levels and 
increase water circulation to improve water quality in the south Delta channels. 
Reclamation and DWR have committed to maintaining water levels during these times at 
0.0 foot msl in Old River near the CVP Tracy facility, 0.0 foot msl at the west end of 
Grant Line Canal, and 0.5 foot msl in Middle River at Mowry Bridge. It is anticipated 
that the target level in Middle River would be lowered to 0.0 foot msl following 
extension of some agricultural diversions.  

The proposed gate operations will increase the tidal circulation in the south Delta 
channels This is accomplished by tidal flushing upstream of the flow-control gates with 
relatively low-salinity water from Old River and Middle River downstream of the gates 
(i.e., high fraction of Sacramento River water). The flow-control gates would remain 
fully open during periods of flood tide (i.e., upstream flow) and then two of the gates 
would be fully closed (i.e., top elevation of gates above upstream water surface) during 
periods of ebb tide (i.e., downstream flow). The remaining gate (i.e., Grant Line) would 
be maintained at a lower elevation (i.e., 0.0 feet msl) to allow the ebb tide flow to exit 
from the south Delta channels so that the flood-tide flow over the gates can be maximized 
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during each tidal cycle.  This is the same operation described as Purpose 5 earlier in the 
description of the SDIP gates. 

Gate Operations and Jones and Banks Exports 

Because of the hydraulic interconnectivity of the south Delta channels, the CCF, and the 
export facilities, the permanent operable gates would not be operated entirely 
independent of Banks and Jones exports. The flow control gate opening and closing 
frequencies and durations would be adjusted to meet the water level and circulation 
objectives. Furthermore, the head of Old River Fish Control Gate operation period and 
duration would be adjusted to address the presence of fish species and the water quality 
conditions in the San Joaquin River. Adjustments in the operation of the gates would be 
determined and then refined by the GORT based on real-time conditions. Opportunities 
to adjust gate operations in a manner that reduces entrainment and impingement of 
aquatic species or improves in-Delta water supply conditions that are associated with 
Delta exports could result.  

As described in the Flow Control Gates operations sections, the Middle River, Grant Line 
Canal, and Old River near DMC flow control gates are operated to improve stage and 
water quality in the south Delta. The flow control gates increase the stage upstream of the 
barriers while Bnaks and Jones are all downstream of the permanent operable gates. The 
gates are designed to capture the flood tide upstream of the structures, and the operation 
of the flow control gates is not based on exports.  

ESA coverage for the SDIP operable gates is being accomplished through two 
consultation processes. A separate biological opinion will address terrestrial and aquatic 
effects from channel dredging and construction and will be included in a separate 
consultation process.  

State Water Project Oroville Facilities 

Implementation of the new FERC license for the Oroville Project will occur when FERC 
issues the new license. Because it is not known exactly when that will occur, it is 
considered a near term and future project. The current, near term and future operations 
for the Oroville Facilities were previously describes. 

 



Appendix 2-A 

Decision Criteria and Processes for Sacramento River Water Temperature Management 

2/18/09 update 

Management Goals 

Water temperatures in the Sacramento River between Keswick Dam and Bend Bridge will be 
managed to provide suitable habitat for Sacramento River winter-run Chinook salmon, Central 
Valley spring-run Chinook salmon, and Central Valley steelhead.  The annual cold water 
management process will be initiated by Reclamation, in consultation with NOAA’s National 
Marine Fisheries Service (NMFS), by March 15 each year.  Reclamation and NMFS will utilize 
input from the Sacramento River Temperature Task Group (SRTTG) to make management 
decisions. 

Water temperatures will be managed in the mainstem river from April 15 through October 1 to 
provide maximum protection for winter-run spawning and egg incubation while insuring that 
cold water reserves will not be depleted to the point that water temperatures out of Shasta Dam 
can no longer be controlled through manipulations of the temperature control device.  As the 
timing and distribution of spawning, and the coldwater pool available, are variable from year to 
year, the objective of temperature control from April 15 through October 1 is to protect a 
minimum of 90 percent of the winter-run population throughout 90 percent of the spawning and 
rearing period.  Additionally, Reclamation shall apply all available authorities to manage cold 
water reserves to maintain sufficiently cool water temperatures for the protection of spring and 
fall-run Chinook salmon spawning October 1 through November 30.  The criteria prescribed 
below are intended to apply under most water year conditions, consistent with requirements in 
this Opinion and the State Water Resources Control Board (SWRCB) Water Right Order No. 90-
5.  

In any year when the January 15 annual conditions forecast predicts low storage levels and 
runoff into Shasta Reservoir such that the requirements in this Appendix will be impossible to 
meet using the full range of Reclamation’s authority to reduce or curtail water deliveries and 
releases, the SRTTG will meet as soon as possible in February to discuss alternative criteria.  
Reclamation will convene the SRTTG by February 1 and will provide written information for the 
group’s consideration, including the following:  (1) Annual forecast showing monthly storage 
and flow release predictions; (2) CVP water supply report; (3) Recent temp profiles for Shasta, 
Trinity, and Whiskeytown reservoirs; and (4) Temperature model runs with Jellys Ferry, Balls 
Ferry and Clear Creek compliance point targets.   Reclamation will provide a written report of 
the SRTTG recommendations for alternative cold water management to NMFS, and NMFS will 
make the final decision and provide alternative written criteria to Reclamation.  Reclamation will 
submit bi-weekly written reports to NMFS, detailing all water releases and deliveries during the 
previous period, required temperature measurements, remaining water levels in Shasta reservoir, 
and the most recent model runs and materials from the SRTTG meetings.  Upon receipt of a 
report, NMFS will determine, with input from the SRTTG, whether the alternative management  
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criteria should be modified and shall so notify Reclamation in writing.  This procedure will 
continue until November 30.  

If at any point during the temperature control season of a year in which the February forecast 
predicted adequate storage levels, it becomes evident that the temperature requirements in the 
preceding biological opinion are not likely to be met despite the reduction or curtailment of all 
water deliveries and releases within Reclamation’s authority, the process for revising cold water 
management criteria in a dry year will be followed.  

To ensure the accuracy of temperature data, quality assurance/quality control protocols will be 
followed by Reclamation for stream and reservoir temperature monitoring procedures and 
equipment.  Monitoring equipment will be calibrated regularly throughout the temperature 
control season.  The temperature criterion of 56°F shall be measured as a daily average 
temperature, not to exceed 56.5°F for more than 3 days running and shall not exceed 57°F for 1 
day. 

Time periods for temperature management are: 

April 15 – May 7 Winter-run Chinook salmon migrate upstream and hold prior to spawning.  
Temperature concerns are for holding adults and unspawned eggs.   

May 8 – July 31 Winter-run Chinook salmon spawning, egg incubation, and early rearing 
occur between Keswick and Red Bluff Diversion dams.  Spawning timing 
and distribution determined by weekly aerial redd surveys, carcass 
surveys.  Peak timing and distribution is variable.  Temperature concerns 
are for spawning, egg incubation, and early rearing.  

August 1 – Sept. 30 Winter-run Chinook salmon egg incubation and early rearing occur.  
Spring-run spawning and egg incubation may occur in September.   

October 1 – Nov. 30 Fall-run and spring-run Chinook salmon spawning, egg incubation, and 
early rearing occur.   

Decision Criteria 

April 15 – May 7 

In this period, winter-run Chinook salmon migrate upstream and hold prior to spawning.  Winter-
run spawning typically does not begin until the second week of May, although some spawning 
may begin during this period.  Temperature concerns are primarily for holding adults and 
unspawned eggs.  Temperatures must be maintained at 56°F or lower at compliance locations 
between Balls Ferry and Bend Bridge beginning on April 15.  In the April 15-May 7 pre-
spawning period, the cold water pool should be conserved by setting the temperature compliance 
requirement at Balls Ferry or above.  Temperature requirements for upstream migration and 
holding are less stringent than for spawning and egg incubation.  The temperature compliance 
location shall therefore be set at Balls Ferry in all years, unless predicted storage conditions at 
Shasta Reservoir  
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are severe.  In years of low storage, the procedure for revising these criteria, described above, 
shall be followed. 

 May 8 – July 31  

Winter-run Chinook salmon spawning, egg incubation, and early rearing occurs in this period 
between Keswick and Red Bluff Diversion dams.  Spawn timing and distribution are determined 
by weekly aerial redd surveys, and secondarily by carcass surveys.  Peak timing and distribution 
is variable.  Water temperature concerns are for spawning, egg incubation, and juvenile rearing.  
Temperatures must be maintained at 56°F or lower at compliance locations between Balls Ferry 
and Bend Bridge throughout this period. 

By May 1, the SRTTG, with NMFS approval, shall establish the initial 56°F temperature 
compliance point at Balls Ferry, Jellys Ferry, or Bend Bridge, to start on May 8.  Establishment 
of the initial compliance point will be based on an assessment of the coldwater pool volume 
available in Shasta Reservoir and the anticipated spawning distribution based on previous year’s 
data.  Priority will be given early in this period to provide the maximum spatial protection for 
winter-run spawning and egg incubation.   

At 2-week intervals from May 8 through July 31, the SRTTG shall reassess the location of the 
temperature compliance point based on: 

- Bi-weekly reservoir temperature profiles (documenting the size of the remaining 
coldwater pool volume), 

- Modeled daily water temperatures in the upper river for the remainder of the temperature 
control season,  

- Weekly aerial redd survey data (documenting the distribution of winter-run spawning), 
- Carcass survey data (documenting the distribution of carcasses and estimated run size). 

 
If there are expected problems with maintaining the compliance point at the current location 
throughout the temperature control season, and impacts on winter-run spawning and egg 
incubation are expected to be low based on real-time survey data, with NMFS approval, the 
SRTTG may adjust the compliance location upstream.  A primary consideration in the decision 
to move the compliance point during this period shall be to insure the ability to control cold 
water releases through the end of the temperature control season.  

August 1 – Sept. 30  

Winter-run Chinook salmon egg incubation and early rearing occurs in this period.  Spring-run 
Chinook salmon spawning and egg incubation may occur in September.  Water temperature 
concerns are for winter-run egg incubation and juvenile rearing, and spring-run Chinook salmon 
spawning and egg incubation.  Temperatures must be maintained at 56°F or lower at compliance 
locations between Balls Ferry and Bend Bridge throughout this period. 

By July 20, the SRTTG shall discuss strategies for temperature control during the August 1 – 
September 30 period.  Location of the temperature compliance point shall be established based 
on: 
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- Size of the remaining coldwater pool volume (determined by the end of July temperature 
profile), 

- Modeled daily water temperatures in the upper river for the remainder of the temperature 
control season. 

- Spatial and temporal distribution of Chinook salmon redds. 
 
During this period, data from weekly aerial redd surveys (documenting the distribution of 
Chinook salmon spawning) will be used to assess temperature impacts on Chinook salmon 
spawning and egg incubation.  In past years, when low numbers of new Chinook salmon redds 
were observed in the month of September, and cold water pool volume was low, variances have 
been allowed in temperature compliance, in order to conserve cold water for Chinook salmon 
spawning in October and November.  NMFS shall make the final decision as to location of the 
temperature compliance point.  
 
October 1 – November 30 

Fall-run and spring-run Chinook salmon spawning, egg incubation, and early rearing as well as 
winter-run Chinook salmon juvenile rearing occur in this period.  Temperatures must be 
maintained at 56 F or lower at compliance locations between Balls Ferry and Bend Bridge from 
October 1 – 31, and cold water must be managed to provide thermal protections to all Chinook 
salmon and steelhead life stages as envisioned in the SWRCB Order 90-5.  The most restrictive 
(coldest) water temperature concerns in this period are for fall-run and spring-run Chinook 
salmon spawning and egg incubation (56°F or lower).  By September 25, the SRTTG shall 
discuss strategies for temperature control during October and November.  Temperature 
management throughout the period will be consistent with SWRCB Order 90-5 and the water 
quality basin plan.  Location and temperature target for the temperature compliance point shall 
be based on: 

-  Size of the remaining coldwater pool volume (determined by the end of September 
temperature profile), and 

- Modeled daily water temperatures in the upper river for October and November. 
 
In many years, the remaining coldwater pool volume will be low during October.  Based on 
aerial redd survey data, water temperatures shall be managed to provide maximum benefit to the 
greatest number of spawners.   NMFS shall make the final decision regarding cold water 
management. 
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Summary of Proposed Conservation Measures to Offset 
Operations of the Red Bluff Diversion Dam 

Provided December 2, 2008, 
by Tehama-Colusa Canal Authority 

 

 

 

 

 

 

Introduction 

This appendix includes excerpts from “Proposed Conservation Measures to Offset Operations of 
the Red Bluff Diversion Dam,” a report dated December 2, 2008 which was provided by the 
Tehama-Colusa Canal Authority to Reclamation.  Reclamation provided this report to NMFS for 
consideration in the development of this RPA.  The following tables and study proposals include 
actions that NMFS has determined to be relevant to partially addressing effects of the proposed 
action on spring-run Chinook salmon and the Southern DPS of green sturgeon.    
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Table 1 – Recommended Conservation Measures for Spring-run Chinook Salmon 

 Status Implementation Action Likely Result/ 
Population Affected 

(min and max: 2003-2007) 

Commitment/ 
Estimated Cost1

 

Timeline 

      

Impact from RBDD: The range of mortality to spring-run adults varies, but can be estimated somewhere between 75 and 375 fish (0.71 and 3.55%). 

Consistent with Draft Recovery Plan 
Action 2.5.2.1, this report 
recommends a study to evaluate fish 
passage at Upper and/or Ward Dams 
to determine if they meet NMFS’ fish 
passage criteria.  

Reclamation and/or 
TCCA commit at least 
$75,000 to complete the 
study to assess fish 
passage at the dams. 

2010 

Mill Creek 

It is unclear whether Upper 
and Ward Dams present 
passage problems during 
low flows.  

If fish passage improvements are 
recommended for Upper and/or Ward 
Dams, Reclamation commits to 
funding or participating in funding the 
solution. 

Improved passage for 230 to 
1,155 adults to over 40 miles of 
anadromous habitat. 

 

Reclamation and/or 
TCCA commit at least 
$100,000 towards fish 
passage improvements 
at each dam. 

2011 

                                                      

 

Appe

1 These cost estimates were provided by TCCA for projects to offset effects of the proposed action.  The RPA has reduced adverse impacts from the interim 
operations of the RBDD to spring-run by allowing unimpeded passage from May 15 until June 15, a critical period for adult spring-run migration.  Consequently, 
fewer projects are needed to offset impacts, and the cost has been reduced from these estimates and commitments, consistent with Action I.3.5. 
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 Status Implementation Action Likely Result/ 
Population Affected 

(min and max: 2003-2007) 

Commitment/ 
Estimated Cost1

 

Timeline 

Stanford-Vina Dam 
The Deer Creek Flood 
Feasibility Study Technical 
Advisory Committee (TAC) 
is developing alternatives to 
address problems 
associated with the dam.  

Consistent with Draft Recovery Plan 
Action 2.5.65.2, Reclamation 
proposes a jump-pool enhancement 
at the existing Stanford-Vina Dam fish 
ladders.  

However, if the TAC recommends 
improvement/replacement of the dam, 
Reclamation commits to funding or 
participating in funding the solution. 

Improved passage for 161 to 
2,235 SR adults to over 25 miles 
of holding habitat and 30 miles of 
spawning habitat. 

Reclamation and/or TCCA 
commit at least $100,000 
towards improvements to 
the existing ladders at 
Stanford-Vina Dam. 

If the TAC recommends 
improvement/replacement 
of the dam, then 
Reclamation and/or TCCA 
commits to funding at 
least $250,000 towards 
the solution.  

2010 

Deer Creek 

DCID Dam 
Work is also underway to 
develop an environmental 
flow enhancement program.  

Consistent with Draft Recovery 
Plan action 2.5.21.1, Reclamation 
will consider the recommendation 
of DWR and DFG (passage 
improvements, dam replacement, 
and/or flow augmentation) and fund 
or participate in funding the 
solution.  

Improved passage for 161 to 
2,235 SR adults to over 25 
miles of holding habitat and 
30 miles of spawning habitat. 

Reclamation and/or 
TCCA commit at least 
$100,000 in funding 
the solution to the fish 
passage problems 
associated with the 
dam.  

 

2010 

Reclamation and/or 
TCCA commit at least 
$75,000 to complete the 
study to assess channel 
constraints on the creek. 

2010 

Antelope Creek 

Corridor Assessment 
The in-progress Westside 
Watershed Analysis and the 
Recovery Plan recognize 
the physical constraints 
associated with multiple 
channels at the mouth of the 
Antelope Creek. 

Consistent with Draft Recovery 
Plan Action 2.5.11.1, Reclamation 
proposes a study to assess the 
physical constraints affecting 
migration upstream and 
downstream at the mouth of 
Antelope Creek 

Implementation of a solution 
would enable an unknown 
number of juveniles to 
successfully locate the 
Sacramento River.   

Estimated adult population: 3-
102, but carrying capacity is 
unknown. 

Reclamation and/or 
TCCA commit at least 
$100,000 towards a 
solution. 

2011 
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 Status Implementation Action Likely Result/ 
Population Affected 

(min and max: 2003-2007) 

Commitment/ 
Estimated Cost1

 

Timeline 

Paynes Crossing 
Environmental 
documentation and 
design are already 
funded and underway to 
address low-flow 
passage problems at the 
crossing.  

Consistent with Draft Recovery Plan 
Action 2.5.20.3, Reclamation 
proposes to improve passage 
conditions at Paynes Crossing to 
allow upstream passage during low 
flows.  

When a recommendation is made 
by USFWS and CDFG, 
Reclamation commits to funding or 
participating in funding the solution. 

Improved passage for 2 to 92 
adults to 7 miles of holding 
and spawning habitat 
(carrying capacity is unknown 
due to juvenile outmigration 
constraints on the creek). 

Reclamation and/or 
TCCA commit at least 
$500,000 in funding 
the solution to the fish 
passage problems 
associated with the 
crossing.  

 

2010  

Edwards Dam 
Environmental 
documentation and 
design are already 
funded and underway to 
address the faulty 
screens at this diversion. 

Consistent with the Draft Recovery 
Plan Action 2.5.11.2, Reclamation 
would implement a solution at this 
diversion because it does not meet 
NMFS’ fish passage criteria.   

When a recommendation is made 
by CDFG, USWFS, and Mr. 
Edwards, Reclamation commits to 
funding or participating in funding 
the solution. 

Improved downstream 
migration for juveniles. 

Estimated population 
affected: Downstream 
migrating juveniles. 

 

Reclamation and/or 
TCCA commit at least 
$200,000 towards 
implementation of the 
solution.  

 

2010 

Battle Creek 

Intake 2 at the Coleman 
Fish Hatchery is currently 
unscreened. A plan to 
screen the intake is through 
the environmental 
documentation and 
permitting process. 

Reclamation proposes to fund 
implementation of the project to 
screen Intake 2 at the Coleman Fish 
Hatchery. 

Screening the intake at the 
Coleman Fish will improve 
downstream migration for 
approximately 467 juveniles. 

 

Reclamation and/or 
TCCA commit at least 
$75,000 towards 
construction for the 
fish screen. 

2009 
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 Status Implementation Action Likely Result/ 
Population Affected 

(min and max: 2003-2007) 

Commitment/ 
Estimated Cost1

 

Timeline 

Stony Creek  

The CHO is not currently 
used to divert water from 
the Tehama-Colusa Canal 
into Stony Creek. 
 
 

Reclamation proposes to develop 
operational guidelines for delivering 
water from the Tehama-Colusa 
Canal to Stony Creek between 
October and December.  

 

Improved passage and 
habitat conditions for 12 miles 
of anadromous habitat. 

Estimated population 
affected: carrying capacity 
unknown. 

 2009 

Total Cost     $1,575,000  

 
 
Note: Table 2 – Recommended Conservation Measures for Winter-run Chinook Salmon is not presented in this summary, as similar 
measures are described in the RPA. 



 

 
Table 3 – Recommended Conservation Measures for Green Sturgeon 

 Description Rationale Commitment/ 
Estimated Cost 

Timeline 

 
    

Impact from RBDD: Impacts to green sturgeon are difficult to quantify due to a lack of information. 

Genetic 
Evaluation of 
Green 
Sturgeon 
Effective 
Spawning 
Population 

Reclamation would direct a genetic 
study to evaluate effective spawner 
abundance above and below 
RBDD, and conduct comparisons 
with general census estimates to 
allow correlations between 
seasonal habitat conditions and 
reproductive success. 

The lack of information describing the number of annual spawning 
adults, as well as the total population size of the Southern DPS of 
green sturgeon, was acknowledged as a source of uncertainty in 
making status evaluations for ESA recommendations (BRT 2005).  
Effective conservation of green sturgeon will require better 
information on their spawning success under various habitat 
conditions. 

 

 3-5 years 

Telemetric 
Studies of 
Movements of 
Adult Green 
Sturgeon 
Including the 
Effects of 
RBDD 

 

Reclamation would direct a 
telemetric study to monitor green 
sturgeon movement throughout the 
Sacramento River with special 
emphasis in the immediate vicinity 
of RBDD.  Specific objectives 
would include intensive evaluation 
of green sturgeon behavior at 
RBDD, monitoring of behavioral 
and migrational patterns throughout 
the river and location of additional 
aggregation sites. 

Previous and ongoing telemetric studies have provided important 
information on green sturgeon migrational and behavioral patterns 
in the Sacramento River.  There is a need to continue these studies 
to fill in missing information on how these fish react to the RBDD, 
where they aggregate before, during and after spawning. 
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Characteriza-
tion of Green 
Sturgeon 
Spawning 
Grounds 

Reclamation would direct a study 
involving the tagging of 10 wild 
adult green sturgeon during their 
upstream migration in the months 
of March through May. Analysis of 
the tracking data will provide 
information regarding ideal 
spawning conditions. 

The habitat requirements for green sturgeon are poorly known; 
however there are indications that cold, clean water is required for 
spawning. Spawning aggregations of green sturgeon have been 
identified at certain stretches along the upper Sacramento River 
during tracking and telemetry studies carried out by researchers at 
UC Davis. However, little is known about the micro-habitat 
conditions which determine whether a particular site is a good 
spawning area or not, other than depth (areas of approximately 
homogenous 5 m depth appear to be preferred) and possible 
current complexity. 

 3-5 years 

Juvenile Green 
Sturgeon 
Movements 
and 
Identification 
of Critical 
Rearing Habitat 

Reclamation would direct a study to 
determine the rearing habitat of 
juvenile green sturgeon within the 
river, delta, and bay.  Ultrasonic 
telemetry will be used to record 
their movements and periods of 
residence within different regions, 
some of which are natural and 
other are altered by the 
construction of levees and disposal 
of dredging materials. 

The tagging and tracking of juveniles will reveal the habitat 
preferences of juveniles within the river, delta, and bay.  The 
placement of monitors at reaches with levees and water diversions 
will provide data to determine their effect on the rate of movement 
and residence times of juveniles.  The placement of monitors at 
dredge disposal and non-dredge disposal sites will provide 
information about its impact on the behavior of juvenile green 
sturgeon within the delta and bay.    

 

 3-5 years 

Spawning of 
Wild Caught 
Green 
Sturgeon and 
Rearing of 
Juveniles for 
use in 
Telemetry 
Studies 

Reclamation would direct a study 
involving capture and tagging of a 
maximum of 2 ripe females and 4 
ripe males, for spawning induction.  

Tracking data would provide information on post-spawning survival 
and spawning periodicity, of both females and males. The green 
sturgeon would also provide valuable data, regarding egg size, 
fecundity, fertility and quality of eggs and larvae. 

 3-5 years 
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Develop 
Screen Criteria 

Reclamation would direct a series 
of laboratory experiments to 
determine the swimming 
performance and behavior of young 
green sturgeon (Acipenser 
medirostris) and white sturgeon (A. 
transmontanus), including effects of 
positive barriers (screens), passive 
barriers (louvers), and behavioral 
deterrent devices (near-field 
vibrations and strobe-light flashes).  

Very little is known concerning the swimming performance and 
behavior of green and white sturgeon larvae and juveniles, 
especially near fish-protection screens and louvers.  Field-based, 
population-monitoring studies typically provide uneven results for 
water and fisheries management efforts, due to the variable 
influences of river stage and hydraulics and the life-stage-
dependent swimming performance and behavior aspects of the 
resident and migratory fishes.  A laboratory-based study will 
provide the baseline information to evaluate and calibrate field 
study results relevant to native sturgeons’ interactions with fish 
screens and louvers.  

 5 years 

RBDD Gate 
Configuration 
Management 
Team 

Reclamation will prepare two 
operating scenarios each year by 
May 1. Based on projected 
releases from Keswick Dam, 
Reclamation will estimate gate 
configurations under a 12-inch 
minimum opening and an 18-inch 
opening. 

Possible points of discussion for the Management Team may 
include whether the proposed operation will enhance or deter use 
of the existing fish ladders and the relative impacts to spring-run 
versus green sturgeon. Upon selection of one of the scenarios, 
resource agencies may review actual conditions after May 15 to 
determine if a change is necessary.  

The current gate configuration at RBDD is 12-inches and it is based 
on the known girth of large green sturgeon. Raising the gate 
configuration to 18-inches would benefit green sturgeon because it 
would allow the species more room beneath the dam gates to 
migrate past the dam. This would improve passage for an unknown 
number of green sturgeon.   

 2009 
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PROPOSAL TO 

Tehama-Colusa Canal Authority 

 

 

 

Studies of green sturgeon as conservation measures to offset operations of Red 

Bluff Diversion Dam2 

 

 

Klimley1, A.P., J. C. Cech, Jr1., S. I. Doroshov2, and J.A. Israel2  

 

1Department of Wildlife, Fish, and Conservation Biology, University of California, 

Davis, CA 95616 

2Department of Animal Science, University of California, Davis, CA 95616 

                                                      

2 The following study proposals (tasks 1-5) were updated on May 12, 2009. 
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Background 

Life History 

Green sturgeon (Acipenser medirostris) have been recorded from the coastal waters of 
Mexico, the United States, and Canada.  In North America, the green sturgeon’s range in the 
ocean extends from the Bering Sea to Ensenada, Mexico.  This range includes the entire coast of 
California.  They have been found in rivers from British Columbia south to the Sacramento River 
in California.  There is no evidence of the species spawning in Canada and Alaska, although they 
are caught in the Fraser and Skeena Rivers (Houston, 1988).  They are found in the Columbia 
River (Moyle, 2002) and Willapa Bay in Washington (Langeness, pers. commun) and coastal 
rivers in Oregon (Emmet et al., 1991).  Within California, they have been recorded in the 
Sacramento/San Joaquin watershed, Eel, Klamath, and Trinity Rivers (Moyle, 2002).  Their 
abundance increases gradually north of Point Conception. 

Sturgeons, with their large size, subterminal and barbeled mouths, lines of bony plates on 
the sides, and shark-like tail, are among the most distinctive of freshwater fishes. Three species 
of sturgeon species were originally described, and this species was named medirostris or “middle 
snout” because the length of its snout was greater than one congeneric and less than another 
(Ayers, 1857).  Green sturgeon have a dorsal row of 8-11 bony plates (scutes), lateral rows of 23-
30 scutes, and two bottom rows of 7-10 scutes.  The dorsal fin has 33-36 rays, and the anal fin, 
22-28.  This species is similar in appearance to the white sturgeon (Acipenser transmontanus), 
with which it co-occurs, except that its barbels are usually closer to the mouth than to the tip of 
the long snout.  In addition, there is one large scute behind the dorsal fin, as well as one behind 
the anal fin, which are both lacking in white sturgeon.  Body color is olive-green, with an 
olivaceous stripe on each side and scutes that are paler than the body.  The common name, green 
sturgeon, is apt due to its distinctly green hue. 

The ecology and life history of green sturgeon have received comparatively little study 
because of the species’ low abundance and low commercial and sport-fishing value.  Adults 
migrate up the Klamath and Sacramento Rivers between late February and late July (Moyle, 
2002). Their spawning period is from March to July, with a peak from mid-April to mid-June 
(Emmett et al., 1991). The males and females spawn in deep, slow moving pools.  The females 
lay thousands of large eggs, which are adhesive and settle into the spaces between the cobbles in 
the bottom of the river.  The eggs hatch in seven days, and the larvae have a large yolk sack, 
swim near the bottom, and begin feeding after 10-15 days.  Larvae hatched in the laboratory 
avoid light, indicating that they hide during the day and forage at night.  The larva becomes a 
fully developed juvenile with a length of 74 mm FL at an age of 45 days (Deng, 2002).  
Juveniles captured at the Red Bluff diversion dam in the upper Sacramento River had grown to 
an average FL of 29 mm FL.  This rate of growth is consistent with rapid growth of 300 mm in 
one year, and 600 mm within two to three years of juveniles in the Klamath River (Nakamoto et 
al., 1995).  Juveniles inhabit the estuary from 2-4 years, when they migrate to the ocean (Allen et 
al., 2009).   

Green sturgeon travel extensively in the ocean, moving principally over the continental 
shelf prior to returning to fresh water to spawn (Moyle, 2002).  Thirteen of 15 sturgeon tagged in 
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the Sacramento River were captured to the north in estuarine and coastal waters (California Fish 
and Game, 2002).  A northern migration is further supported by the prevalence of green sturgeon 
during the summer in the Columbia River estuary, Willapa Bay, and Grays Harbor (Adams et al., 
2002).  Furthermore, green sturgeon with individually coded ultrasonic tags affixed to them in 
San Pablo Bay have been detected by tag-detecting electronic monitors situated in river systems 
in Oregon and Washington (Kelly, unpub. data).  Individuals tagged in Willapa Bay, and 
identified by four monitors placed to record the estuarine entry and departure, resided in the 
estuary during most of the summer, yet exhibited rapid and frequent movements between other 
estuaries along the coast of North America (Moser and Lindley, 2007).  Five subadult (101-106 
cm TL) and one adult (153 cm TL), carrying with ultrasonic tags, were tracked by boat for 2-16 
h per day over periods ranging from 1-12 days (Kelly et al., 2007).  The four subadult fish 
remained within San Pablo Bay for the duration of their tracks; one moved well into Suisun Bay.  
The adult fish exited the bay and ocean within six hours of its release near Tiburon, California.  
Green sturgeon carrying individually coded ultrasonic tags were detected by an array of 
automated, tag-detecting receivers in the Sacramento River (Heublein et al., 2008).  They 
exhibited four movement patterns: 1) a spring migration upstream to a spawning location, 2) a 
spring migration downstream to the ocean, 3) summer residence in deep, low velocity pools 
within the river, and 4) and a fall migration downstream to the ocean in response to rain events. 

Red Bluff Diversion Dam 

The Red Bluff Diversion Dam (RBDD), which was completed in 1964, provides irrigation 
to the Tehama-Colusa Irrigation District.  This seasonally operated water diversion is at river 
kilometer (Rkm) 391 on the mainstem of the Sacramento River.  Gates on the dam are lowered to 
impede water flow from 15 May to 14 September of each year.  There are only two opportunities 
for fish to pass the dam during closure: a fish ladder and a narrow gap (< 0.5 m) between the 
flood gates and the river bottom.  No green sturgeon have been observed swimming up the fish 
ladders.  Furthermore, the high velocities, created as water moves through the narrow passage 
between the gates and the bottom block the upriver movement of green sturgeon during the 
spring spawning migration (Brown, 2007; Israel et al. 2009).  Acoustically-tagged green 
sturgeon have been detected and eggs have been collected upstream of RBDD (Thomas et al.; 
William Poytress, pers. commun.), and aggregations of green sturgeon have been observed 
below the RBDD once the gates are lowered (Kurt Brown, pers. commun.;Robert Chase, pers. 
commun.). However, green sturgeon have been captured with gonads in a post-spawn condition 
60 km downstream of the RBDD in a reach adjacent to the Glen Colusa Irrigation District 
pumping facility (Matt Manuel, pers.commun.). Thus, RBDD appears to divide the spawning 
and holding habitats for adult green sturgeon and rearing habitats for larvae and juveniles.  This 
observation is consistent with two possibilities.  Firstly, green sturgeon move upstream of the 
dam prior to the dam closure, spawn, and then pass under the dam on the way downstream.  
Secondly, green sturgeon spawn in pools below the dam and then migrate down river.   Evidence 
exists that sturgeon perform both of the above-mentioned behavioral patterns.  Understanding the 
individual and population level effects of the operation of RBDD and flow management for 
green sturgeon in the upper Sacramento River is necessary for assessing the risks to Southern 
DPS green sturgeon.  
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Telemetric studies have provided insight into the relationship between the RBDD and 
upstream migrating green sturgeon (Hublein et al., 2008; Thomas, et al. 2008, Israel et al., 
2009).  Coded ultrasonic beacons were implanted within the peritoneum of adult green sturgeon 
captured in San Pablo Bay, California in spring 2004-2006.  Their movement upstream was 
recorded by series of automated monitors deployed at intervals along the length of the 
Sacramento River both below and above the RBDD.  Two distinct migratory patterns were 
observed for 15 individuals detected by the monitors.  Firstly, six individuals moved upstream, 
potentially spawned, remained over the summer, and then traveled downstream immediately 
after the first rain event during the fall.  Secondly, nine sturgeon moved upstream, potentially 
spawned, but departed during the summer and early fall before the first rain event.  The upstream 
migration of tagged green sturgeon arriving at the RBDD after May 15 was blocked due to its 
closure.  However, five green sturgeon passed under the gates of the RBDD on a downstream 
migration.  Ten dead green sturgeon were recovered within a kilometer of the Red Bluff 
Diversion Dam during the spring of 2007. One observed to have the linear imprint on its dorsum 
indicative of it being trapped by a gate from the Dam.(Klimley, pers. commun). It is likely that 
the others were also injured/killed when they were trapped in the 30-cm space under the gates 
during their downstream migration.  The gates on the RBDD were raised from 30 to a minimum 
of 45 cm to provide additional space between the gates and the bottom upon observing this loss 
of life.  Three of five green sturgeon, carrying coded ultrasonic beacons, that made the upstream 
migration during spring 2007 were not trapped by the dam, and moved past it when the gates 
were open wider (UC Davis Biotelemetry Laboratory, unpublished data). In 2008, an additional 
ten green sturgeon were tagged and three previously tagged sturgeon returned to the river 
upstream of Knights Landing. One of the previously tagged sturgeon ascended above Red Bluff 
Diversion Dam on March 1 and remained upstream of the RBDD site until late December. The 
remaining sturgeon showed similar outmigration patterns as previously observed (Heublein et 
al., 2008) with some leaving in the early summer and others in the late fall following flow 
increases. Of those which left the river early in June 2008, including one previously tagged 
sturgeon (Vogel 2005), there is some evidence to suggest that small summer flow increases may 
be correlated with these downstream movements. 

Shipboard tracking during spring of 2008 indicated that adults may move extensively 
between deep pools, in which they may spawn (Thomas et al., 2008).   Depth- and temperature-
sensing transmitters were implanted within the peritoneum of two individuals to describe their 
upstream and downstream movements by following them with a boat, while recording their GPS 
coordinates, depth and surrounding water temperatures.  One male green sturgeon was tagged in 
a pool near the confluence of the mainstem with Antelope Creek and tracked as it moved back 
and forth between this and another pool 10 km downtream on the mainstem near the confluence 
of Deer Creek.  When in the pool at Antelope Creek, the sturgeon periodically made circular 
movements between the head and tail of the pool, and green sturgeon eggs were recovered from 
egg mats placed at the tail of the pool.  The presence of RBDD on the mainstem with its gates 
down might prevent green sturgeon from making a similar ‘ping-pong’ pattern of movement 
between spawning sites above and below the dam.    

The prevalence of larvae passing RBDD has declined drastically in the past two years, 
during which only 13 and 3 post larval sturgeon were recovered in the rotary screw traps 
operated at the dam during spring 2007 and 2008, respectively (William Poytress, pers. 
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commun.). It is unknown if this is due to reduced spawner abundance, changes in habitat, or 
decreasing survival during the egg and larval stages.  Based on captures in rotary screw traps 
operated by the USFWS and DFG, the species is thought to reside in the river during its first year 
of life, slowly moving downriver during this period.  The species is known to become tolerant of 
saline conditions at approximately 30 cm, a length attained in the wild at about age 1+, which 
correlates with the collection of larger juvenile fish (20-100 cm TL) at delta fish salvage 
facilities and captured in the delta (Radtke 1966).  Juveniles are then thought to reside in the 
estuary for 1-4 years before initiating their first oceanic out-migration. 

Currently, the Bureau of Reclamation (BOR) has funded two years of cooperative research 
among BOR, USFWS, and two of the U.C. Davis PIs (Israel and Klimley) including tasks on (1) 
egg and juvenile field sampling, index development, and genetic assessment, (2) adult migration 
and behavior assessment around RBDD, (3) identification of green sturgeon habitat and 
distribution methods, and (4) reporting and development of information. We anticipated 
continuing these tasks, and have included tasks to continue genetic, adult behavior around 
RBDD, and reporting to the description of suggested studies. Public Policy Consulting has 
provided us with a document, which describes a number of candidate studies that would be of 
interest to the Tehama-Colusa Canal Authority (TCCA) and National Marine Fisheries Service 
(NMFS).  These suggested studies include (1) developing a reliable population estimate of green 
sturgeon within the Sacramento River, (2) relating the presence of spawning adults to particular 
reaches of the river based on flow characteristics and physical properties such as temperature, 
turbidity, and dissolved oxygen, 3) relating the presence of rearing juveniles to particular reaches 
of the river based on flow characteristics and physical properties such as temperature, turbidity, 
and dissolved oxygen, (4) developing a capture and propagation program for the Southern DPS, 
and (5) describing the response of post larval and juvenile green sturgeon to screens and other 
equipment used to protect sturgeon during times of diversion using pumps.    
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Task 1a 

Genetic Evaluation of Green Sturgeon (Acipenser medirostris) in the Sacramento River, 
California 

Israel, J.A. (PI) and B.P. May 

Background 

Recovery and sustainability of green sturgeon will in part depend upon retention and 
maintenance of genetic diversity and understanding how it is related to the population’s 
demographics. Green sturgeon demonstrate type III survivorship (high fecundity and heavy 
mortality in early life stages), thus genetic diversity may be lost disproportionately to estimated 
adult census size because of the high variance in spawning success and/or early life history stage 
survival in a heterogeneous environment. Green sturgeon collected during sampling for various 
studies can be used to evaluate gene flow between DPSs, estimate the number of breeding green 
sturgeon, and assess demographic processes influencing the green sturgeon population in the 
river.  The relatedness between juvenile green sturgeon collected at Red Bluff Diversion Dam 
between 2002 and 2007 have been evaluated to estimate the number of adults spawners 
contributing to a group of samples (Israel and May in prep). Estimates of breeding green 
sturgeon above RBDD during this five year period ranged from 10-54 individuals depending on 
the year and calculation method (Israel and May, in prep). With increased research into 
estimating the abundance of sturgeon in the river, we will be able to examine the relationship 
between the estimated adult census size sturgeon (N) and the genetically effective population 
size of adult sturgeon (Nb). These population parameters can together yield insight into the 
demography and dynamics of the Southern green sturgeon DPS and how water and conservation 
management may influence the population.  

Using a genetic approach to population estimation in collaboration with other ongoing 
census estimation studies (Klimley et al., US ACE 2009-2011 study), we will examine whether 
eggs, larvae, and juveniles produced are the product of “match-mismatch” recruitment 
(Hedgecock, 1994), and which stages may prove most influential for successful early life stage 
survival. By considering the Nb/N ratio, in light of genetic and ecological data about eggs, larvae, 
and breeding adults, the variance in reproductive success among individuals can inform 
managers about how extrinsic mechanisms (i.e. habitat fragmentation of spawning habitats), 
variance in productivity among habitats, and/or habitat-induced early mortality influences the 
dynamics of the Sacramento River green sturgeon population. This information will be critical to 
recovery efforts focused on actions for restoring spawning habitats and propagating fishes for 
increasing population growth rate.  

 

Goals and Objective 

1. Genetic-based estimates of spawner abundance above and below Red Bluff Diversion 
Dam derived from kinship reconstruction. 
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2. Integration of genetic and census estimates of green sturgeon population size to assess 
effective population to census size ratio.  

3. Evaluation of correlation between seasonal flow characteristics between estimated 
number of breeding fishes and estimated census number of fishes to consider hypotheses 
surrounding variance in reproductive success.  

 

Methods 

Eggs, larval, and juvenile green sturgeon will be primarily collected by USFWS during their 
studies on these life history stages between April and July as part of the ongoing cooperative 
study. Between July and October, genetic analyses at the Genomic Variation Laboratory will 
estimate the abundance of spawning adults based on the genotypes of these sampled eggs, larvae, 
and juveniles. Based on the tested methods of kinship reconstruction (Israel 2007), analyses will 
use the Hardy (2003) kinship estimator and Eggert and Chessel accumulation functions to 
evaluate the maximum number of breeding fishes.  

Individual genotypes will be iterated in multiple formats. First, individual genotypes will be 
added temporally to evaluate the outmigration patterns of samples from breeding pairs. Second, 
individual genotypes will be added spatially to a dataset with potential adult samples to assess 
locality of adult spawning and resulting offspring from possible parental genotypes. Finally, 
individual genotypes will be added randomly to determine the accumulation of new genotypes 
and describe the equation for the accumulation curve and its asymptote, which represents the 
genetically effective number of spawners (Nb). The estimate censuse number of adults will be 
calculated as part of an ACE-funded study currently being initiated in the Biotelemetry 
Laboratory for the next three years. Environmental parameter including seasonal, monthly, and 
daily mean flows and seasonal, monthly, and daily mean temperatures in the upper Sacramento 
River will be explored to evaluate possible correlation with population demographics.      

We expect this study to occur over a three month period. The first half of the time will be 
used for DNA extractions, genotyping, and data gathering. The second half of the period will be 
used for data analysis. This will occur for an additional three year period, and relies upon US 
Fish and Wildlife Service cooperation for collecting eggs and larvae.  
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Task 1b 

Telemetric studies of Movements of Adult Green Sturgeon Including the Effects of the Red 
Bluff Diversion Dam 

Klimley, A.P. (PI), J.A. Israel, M. Thomas, and A. Hearn 

Background 

In 2008, scientists from the UC Davis Biotelemetry Laboratory undertook multiple 
telemetric studies of movements of adult green sturgeon in the upper Sacramento River (i.e. 
above GCID). These investigations included fine scale movement analysis using the California 
Fish Tracking Consortium acoustic receiver array (Israel et al. 2009) as well as intensive multi-
day continuous tracks of adult green sturgeon in the upper Sacramento River. We found that by 
tagging adults in the river during the spring we could gain insight into riverscape movements 
which included spawning, aggregation, and interhabitat transit. While continuous tracks are 
rather common place in oceanic environments, they had not previously been undertaken in such 
a large dynamic body of water such as the upper Sacramento River. Additionally, our ability to 
cooperatively capture green sturgeon in the spring (Poytress et al. 2009), then detect tagged 
green sturgeon where eggs were collected both constituted methodological advances.  

Several key findings resulted from the last year’s studies (Israel et al. 2009, Thomas et al., 
2008): 1) green sturgeon exhibited “Ping Pong” movements between aggregate sites located at 
the confluence of Antelope Creek and near the confluence of Deer Creek, 2) an additional  
aggregate site was located on the mainstem near the confluence of Deer Creek, 3) adult sturgeon 
ascended above Red Bluff Diversion Dam as early as mid-April and remained upstream into the 
early winter, and 4) multiple  green sturgeon made numerous visits to RBDD from Antelope 
following gate closure.  Such behavioral findings have been critical in understanding the 
mechanisms by which green sturgeon locate and perhaps form spawning pairs. Furthermore, the 
additional understanding of these behavioral mechanisms has imparted further concern for the 
separation of the population above and below RBDD.  

Continued river tagging of green sturgeon will provide additional information for multiple 
purposes. Having fish tagged in the river will guarantee information about spawning migration 
and habitat movements of adults in the upper Sacramento River. These observations of 
movements are to be integrated with egg and larval occurrence information (Poytress et al., 
2009) to provide information concerning inter-habitat movement.  This will enable us to evaluate 
whether movement influences estimates of adult abundance (see Klimley study plan funded by 
ACE in 2009-2011).  Furthermore, this tracking of sturgeon around RBDD will provide insights 
into how sturgeon movements are influenced by flow management. The findings of this study 
may provide necessary information for refining critical habitat requirements. Additionally, these 
behavioral components may be used as inputs for future population viability models, which 
could be useful in a species recovery plan. 
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Goals and Objectives 

1. Evaluate how individual green sturgeon orient to the gates at the RBDD using VPS 
system in conjunction with the Science and Technology program-funded investigation 
planned by Richard Corwin and Robert Chase of the BOR.    

2. Continue tracking of additional green sturgeon to validate the behavioral patterns 
observed in 2008. 

3. Locate additional aggregation sites both below and above RBDD and provide additional 
site references for future egg and larval monitoring programs. 

4. Provide fine scale movement information and potentially develop a correction index to be 
utilized with the green sturgeon density distribution abundance estimate study (Klimley 
study plan funded by ACE in 2009-2011)  

5. Determine inter-annual variability in spawning and post spawn holding site variability. 
 

Methods 

We will tag ten wild adult green sturgeon during their upstream migration above the RBDD 
after the gates are closed on the 1th of June until the pumps are installed permanently. The fork-
length and weight of each individual will be recorded and a genetic sample collected. We will 
additionally determine sex and reproductive condition by collecting a gonad sample during the 
implantation of the acoustic transmitter.  We will work closely with Richard Corwin and Robert 
Chase in setting up the high spatial resolution VPS system upstream of the RBDD.  The accuracy 
of its positioning ability will be evaluated by placing transmitters at fixed locations within the 
triangular array, in particular near the gates of the dam.  These fish will be tracked by the array 
after 15 June when the gates are closed, and the river depth increases so that the transmitter on 
the sturgeon can be detected by at least three buoys in the array – a precondition for providing an 
accurate position determination.  We will assist the BOR investigators in the analysis of the fine-
scale movements of green sturgeon near the dam in order to ensure that the gate height permits 
the downstream migration of the sturgeon. 

We will tag adult female green sturgeon with a Vemco V-16 continuous acoustic 
transmitter. Each transmitter contains a pressure sensor and temperature sensor, which transmits 
precise respective measurements at the sturgeon’s exact location. Tags are surgically implanted 
into the peritoneal cavity using a 3-4 cm incision, which is then closed by 3-4 individual sutures. 
In addition, each individual will also carry a similar Vemco V-16 coded transmitter that will be 
detected by the acoustic monitor array during periods when the animal is not being tracked by 
boat. The continuous transmitters will allow animals to be manually tracked through the 
riverscape by boat over a  4-5 day duration, 24 hours per day, utilizing a Vemco VR-100 
receiver. Concurrent with the track environmental measurement (Depth, pH, DO, Salinity and 
Turbidity) will be collected using a specialized multiprobe linked with a secondary GPS unit and 
echo sounder used to develop bathymetric maps associated with the sturgeons movements. Flow 
velocity measurements will also be manually taken every hour using a Marsh McBirney Flow 
meter. Coded tags will provide details on the migration of each individual, and these annual data 
will be integrated with data from previous years (i.e. Israel et al., 2009) to increase sample sizes 
for examining the influence of RBDD on movements and habitat fragmentation, as well as 
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consideration of possible flow and temperature mechanisms behind movement patterns. 
Additionally, the periodicity of spawning can be estimated when tagged fish return in future 
years. 

We expect this study to occur over a four month period (2 months of shipboard tracking, 2 
months data analysis). This will occur for an additional three year period as there is evidence to 
suggest inter-annual shifts in spawning aggregate locations. 
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Task 2 

Characterization of Green Sturgeon Spawning Grounds 

Klimley, A.P. (PI), M. Thomas, and A. Hearn 

Introduction 

Spawning aggregations of green sturgeon have been identified at certain stretches along the 
upper Sacramento River during tracking and telemetry studies carried out by researchers at UC 
Davis. However, little is known about the micro-habitat conditions which determine whether a 
particular site is a good spawning area or not, other than depth (areas of approximately 
homogenous 5 m depth appear to be preferred) and possible current complexity. Currently, vast 
sections of the river have been listed as critical, and yet spawning is only known to occur at a 
few specific locations within these sections. What makes an appropriate spawning ground? Do 
sturgeon require a particular sediment type and/or current regime? How do they utilize the 
available appropriate habitat during their spawning activities? Do they display competitive 
behavior? 

Methods 

We propose to tag 10 wild adult green sturgeon during their upstream migration earlier 
during the season from March through May at a known spawning site. The fish will likely be 
collected at the pool near Antelope Creek, known to be a site of reproduction based on the 
capture of ripe females and the collection of eggs on mats situated at the base of the pool.  The 
fork-length and weight of each individual will be recorded and a genetic tissue sample collected. 
We will additionally determine sex and reproductive condition by collecting a gonad sample 
during the implantation of the acoustic transmitter. Each individual will be fitted internally with 
a V16 coded tag with a pressure sensor. Total surgery time should not exceed five minutes.  A 
further 5 receivers will be deployed at the following: a known spawning aggregation site (likely 
to be the pool near Antelope Creek), an adjacent, apparently suitable spawning site, but where 
spawning has not been observed (control site), and three nearby potential spawning sites 
(determined by depth and riverbed homogeneity). Thus, passage through or residence at any of 
these sites will be detected by the receivers.  Finally, two satellite communicating monitors will 
be deployed one above the Red Bluff Diversion Dam and one below to determine whether any 
sturgeon move upstream or downstream past the dam in real time.  This information will be 
provided to biologists both at UC Davis and the Bureau of Reclamation for management 
purposes. 

At the known spawning aggregation site, we intend to deploy a radio-positioning system 
(VRAP), consisting of three moored hydrophones which allow horizontal and vertical 
positioning in real time of tagged individuals within the area. This system will provide 
continuous positions over a period of one week.  Two Acoustic Doppler Current Profiler 
(ADCP) units will be used in collaboration with researchers from United States Department of 
Fish and Wildlife at both the study site and the control in order to create a cross channel vertical 
profile of current and temperature. Point samples of current velocity, dissolved oxygen, turbidity, 
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and temperature will be taken at a matrix of positions, separated by ten meter intervals, at one 
meter depth intervals from the surface to the bottom throughout the study period using the UC 
Davis hydrolab.  At the end of the spawning season, we will collect sediment samples from the 
river bed at the nodes of the matrix of positions using a grab sampler.  

Results 

Analysis of the VR2 data will show the relative use of the five sites (study site, control site 
and three potential spawning grounds) by tagged fish, and whether fish pass through or remain 
for extended periods. Analysis of the VRAP data will provide insight into the spawning behavior 
of the sturgeon, interactions between individuals will show whether competition or dominance 
occur. In combination with the ADCP data, we will show whether sturgeon display preference 
for particular current regimes, and whether these are stable throughout the spawning season. 
Sediment analysis will show whether bottom substrate is a key variable in determining whether 
or not a site is appropriate for spawning. 

Chronology  

We expect this study to run for approximately six months (1 month of preparatory work, 3 
months of fieldwork, and 2 months analysis and write-up) during the first year.  During the 
second year, we expect to repeat the procedure at the study site, and to carry out similar 
procedures at other sites where spawning aggregations have been identified, either by the VR2 
receivers used in this study, or during field research of other, related studies.  This will provide 
insight into inter-annual and inter-site variability, and allow us to design a generalized model of 
ideal spawning habitat, which will be used in the third year to predict other potential sites both in 
the Sacramento and other rivers such as the Feather.  

The results of this research will provide key input to refining critical habitats, and may also 
aid in future conservation efforts such as in re-introduction to other areas, or habitat 
enhancement. In terms of future research directions, knowing critical spawning grounds may be 
of great assistance in understanding juvenile ecology – another critical aspect in the conservation 
and management of the species. 
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Task 3 

Juvenile Green Sturgeon Movements and Identification of Critical Rearing Habitat 

Klimley, A.P. (PI), M. Thomas, and A. Hearn 
Background 

Little is known about the distribution of juvenile green sturgeon in the Sacramento/San 
Joaquin watershed.  Herring fishers within the bay also occasionally capture juveniles of the 
same size, often in spawning areas because they are believed to feed on the eggs released by the 
herring.  There is a greater need to determine the distribution of juveniles than sub-adults and 
adults as the movements of six green sturgeon have been described from shipboard tracking in 
San Francisco Bay (Kelly et al. 2007).  Based on captures in rotary screw traps operated by the 
USFWS and DFG, the species is thought to reside in the river during its first year of life, slowly 
moving downriver during this period.  The species is known to become tolerant of saline 
conditions at approximately 30 cm, a length attained in the wild at about age 1+, which correlates 
with the collection of larger juvenile fish (20-100 cm TL) at lower-river fish salvage facilities 
and netted in the delta (Radtke 1966).  Juveniles are then thought to reside in the estuary for 1-4 
years before initiating their first oceanic out-migration. 

Objective 

The objective of this study will be to determine the rearing habitat of juvenile green 
sturgeon within the river, delta, and bay.  Ultrasonic telemetry used to record their movements 
and periods of residence within different regions, some of which are natural and other are altered 
by the construction of levees and disposal of dredging materials. 

Methods 

The movements of juvenile green sturgeon and their distribution in the watershed relative 
to environmental and anthropogenic factors will be determined specifically using two 
techniques: 1) placing coded tags on them and detecting them with automated, tag detecting 
monitors distributed in the environment and by implanting coded 
ultrasonic beacons, and 2) affixing to them depth-sensing transmitters 
and following them within a boat while periodically recording their 
position.  We will use both techniques to characterize the rearing 

habitat of juvenile green sturgeon.   

Automated Monitoring.   Firstly, coded 
beacons (Fig. 1) will be placed in the peritoneum 
of juveniles and these will be detected with 
automated, tag-detecting monitors (Fig. 2) 
deployed throughout the mainstem of the river, 
delta, and estuary of the Sacramento/San Joaquin 
watershed.  There are nearly 150 tag-detecting 
monitors distributed within the watershed (Fig. 3).  Fig. 1.  RECODE 

beacon.  Fig. 2.  VR02 
monitor  
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 The challenge for a coded tagging study of juveniles is acquiring individuals for tagging.  
There are two sources of juveniles.  One source is multiple rotary screw traps operated by the 
U.S. Fish and Wildlife Service immediately downstream of the Red Bluff Diversion Dam 
(RBDD).  Biologists under the supervision of William Poytress have in the past captured post-
larval green sturgeon at a rate of 200-300 individuals per year (Fig. 4).  Although these post-
larvae are less than 2 cm in TL, a size too small for tag implantation, they could be raised to a 
size appropriate for tag implantation.  Richard Corwin and Robert Chase of the Bureau of 
Reclamation (BOR) can raise post-larvae, captured by the rotary screw traps, in large circular 
rearing tanks, housed in the laboratory located adjacent to the RBDD operated by the BOR.  
Post-larval green sturgeon are also captured at the rotary screw trap operated at the Glen Colusa 
Irrigation District, and these post-larvae will be placed in a large 120 quart cooler equipped with 
aeration and transported to the RBDD rearing facilities for rearing.  Winter and spring of 2006-
07 were very dry, and relatively few post-larvae were captured, but we attempted to raise two 
post-larvae to a larger size.  They were successfully raised to sizes > 40 cm TL.  Due to the 
paucity of individuals captured by the traps, these two individuals have been tagged, released 
into the delta and tracked by boat for a period of four days.   

Fig. 4.  The number of 
juvenile green sturgeon 
captured at the RBDD rotary 
screw traps from 1995-2006 
in mainstream of Sacramento 
River below RBDD (data 
from USF&W). 

 

 

We will capture juvenile green sturgeon in two locations in the Sacramento River 
watershed.  First, small juveniles caught in the rotary screw traps at Red Bluff Diversion Dam 
(RBDD) and larger juveniles caught at the traps at Glen Colusa Irrigation District (GCID) will be 
transferred to holding tanks adjacent to the RBDD in a laboratory facility operated by the Bureau 
of Reclamation.  It may be feasible to obtain a sample of 100 fish because from 200 to 400 
juveniles have caught by the USF&W over a period of four years from 2003-2006, when the 
traps were deployed in the mainstream of the Sacramento River immediately downstream of the 
RBDD.  Yet the reduced number of postlarvae captured during the last two years, roughly a 
dozen during 2007 and only three during 2008 may necessitate our capturing two males and two 
females, transporting them to the Center for Aquatic Biology and Aquaculture (CABA) at UC 
Davis, inducing them to spawn artificially, and then returning them to the mainsteam of the river 
at Antelope Creek.  The eggs would be incubated until they hatch, and the larvae grown out 
using artificial feeds at CABA (see Task 4).  The artificial spawning of adults would produce 
many progeny and enable us to tag as many as 70 juvenile green sturgeon per year.   Individuals 
captured during spring of 2009 would reach as size sufficient to tag during spring of 2010 at the 
end of Year 1 of the proposed contract.  They would be tagged with coded beacons as well as a 
similar number of individuals during Years 2 and 3 of the study.  These individuals would be 
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released either within the mainstem of the river or the delta to identify their residence times in 
different habitats within the watershed. 

Table I.  Juvenile green sturgeon captured at the Delta pumping station during 2006 (data from 
IEP report, see internet web site, ftp://ftp.delta.dfg.ca.gov). 

No. Date Time 
(hrs) 

Total 
Length 

(cm) 

     No. Date Time 
(hrs) 

Total 
Length 

(cm) 

1 28 Dec 06 1700 54.0 21 27 July 06 0200 16.5 
2 29 Dec 06 0600 32.0 22 27 July 06 0600 19.5 
3 03 Oct 06 0200 26.0 23 28 July 06 0600 21.0 
4 04 Oct 06 0200 28.0 24 31 July 06 0600 17.7 
5 05 Oct 06  0200 36.5 25 31 July 06 0600 15.3 
6 05 Oct 06  0400 12.5 26 01 Aug 06 0600 15.5 
7 18 Oct 06 2200 30.5 27 02 Aug 06 2359 18.7 
8 01 Nov 06 1800 35.0 28 07 Sept 06 1200 26.5 
9 04 Nov 06 0200 24.5 29 09 Sept 06 1000 23.0 

10 04 Nov 06 0200 36.0 30 16 Sept 06 1000 10.0 
11 20 Nov 06 1000 30.1 31 17 July 05 0900 50.6 
12 21 Nov 06 2200 27.0 32 11 Dec 01 0900 40.0 
13 21 Nov 06 2359 25.5 33 21 Dec 01 0300 48.6 
14 22 Nov 06 2359 28.0 34 27 Dec 01 0900 4.2 
15 01 Dec 06 2000 32.0 35 15 Oct 01 1400 33.5 
16 11 July 06 0900 49.8 36 10 Dec 01  1400 37.5 
17 19 Sept 06 0700 28.0 37 02 Mar 01 0300 31.0 
18 19 Sept 06 0700 30.0 38 21 Feb 00 0900 28.4 
19 19 July 06 0200 15.0 39 21 Feb 00 1500 28.6 
20 26 July 06 8888 19.0   

 

An alternative source of juveniles is the pumping facilities within the Delta.  They range in 
size from 4.2-54.0 cm long.  Twenty individuals were captured from October to December 2006 
in the pumping facilities (Table I).   Biologists at UC Davis have an agreement with both state 
and federal biologists to place individuals captured in water in a large, 120 quart cooler for either 
tagging with coded ultrasonic beacons or transportation the Center for Aquatic and Aquaculture 
(CABA) located at UC Davis, where they will be raised to a sufficient size to implant beacons as 
part of The Directed Action funded by CDFG. 

Two models of coded ultrasonic tags, a model with a life of a year on the smaller juveniles 
(12-25 cm TL) and a model of a life of three years on larger juveniles (26-50 cm TL), would be 
placed on juveniles held in captivity.  Studies are currently being carried out at UC Davis to 
determine the minimum size juvenile, into which a transmitter can be inserted into the 
peritoneum and without reducing its capacity to swim rapidly as well as not to increase the 

ftp://ftp.delta.dfg.ca.gov/
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oxygen consumption during normal swimming.  The distribution of the juveniles would be 
determined by the array of automated tag-detecting monitors deployed throughout the river, 
delta, and bay.  

Shipboard Tracking. Individual green sturgeon, carrying pressure and temperature sensing 
transmitters, will be released at experimental sites.  Four tagged fish will be followed by a two 
person tracking team each year aboard a small boat equipped with a portable receiver and 
hydrophone.  Tracking will be carried out continuously for 24 hours of the day for a period of 
five days for each of eight fish. There will be two teams of trackers, and they will each track for 
12-hour shifts, and will stay at a hotel near the tracking site when not tracking.  The geographical 
coordinates of the fish will be determined automatically by the receiver and paired with the 
depths and temperatures from the ultrasonic tags.  Water will be pumped into a shipboard tank, 
where a Hydrolab probe will measure water conductivity, salinity, pH, temperature, and 
concentration of dissolved oxygen, while software will pair these measurements with depths of 
the fish and those recorded by a fathometer.  At hourly intervals the Hydrolab will be lowered 
throughout the water column to measure these physical properties at increasing depths.  

Results 

The tagging and tracking of juveniles, both by an array of tag-detecting monitors and by a team 
of trackers, will reveal the habitat preferences of juveniles within the river, delta, and bay.  The 
placement of monitors at reaches with levees and water diversions will enable us to determine 
their effect on the rate of movement and residence times of juveniles.  The placement of 
monitors at dredge disposal and non-dredge disposal sites will provide information about its 
impact on the behavior of juvenile green sturgeon within the delta and bay.    
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 Task 4 

Spawning of Wild Caught Sacramento River Green Sturgeon and Rearing of Juveniles for 
use in Telemetry Studies3 

Doroshov, S (P.I.), A.P. Klimley, and J. Van Eenennaam 

Objectives 

We propose in collaboration with the Biotelemetry Laboratory a maximum of 2 ripe 
females and 4 ripe males will be captured for spawning induction, each spring. The additional 
female and 2 males maybe needed if the first attempted spawning is not successful. Considering 
the amount of time and funds allocated to prepare for one spawning each spring, a 2nd spawning 
trial during the season, would add little additional cost. These fish would be part of the total 
requested number of adults to be telemetry tagged by the Klimley Lab, as they would be 
implanted with tags after spawning. If induced ovulation and egg collection is successful this 
would be the first documented case of a post-cesarean section green sturgeon tagged and 
released. The tracking data would provide information on post-spawning survival and spawning 
periodicity, of both females and males. In addition to providing juveniles for telemetry tagging, 
the spawning of wild caught southern distinct population green sturgeon would provide valuable 
data, regarding egg size, fecundity, fertility and quality of eggs and larvae. With the potential 
further decline in Sacramento River water flow and changes in water quality, a conservation-
oriented hatchery, based on information collected in this project, may become, in the future, the 
only option for mitigation of these and other impacts on the green sturgeon population. 

Methods 

Broodstock captured from the Sacramento River will be transported to the UC Davis, Putah 
Creek Aquaculture Facility in a sturgeon transport trailer and then held in 1 or 2 twelve foot 
diameter circular tanks that will be semi-recirculating with an in-line chiller to maintain 
appropriate water temperatures for spawning induction.  

Spawning induction procedures, egg incubation and larval rearing techniques for green 
sturgeon have already been established (Van Eenennaam, et al., 2001; 2004; 2005; 2006; 2008). 
Briefly, to determine female maturity, eggs will be sampled with a 5mm ID Teflon tubing 
through a small abdominal incision.  Eggs will be bisected to measure egg polarization index (PI, 
relative distance of the germinal vesicle from the animal pole (Van Eenennaam, et al. 2006) 
which is a measure of a female’s readiness to spawn. Males will be selected based on the 
presence of large white testis when sampled.  The spawning induction of female green sturgeon 
will be a priming injection of 1 µg/kg GnRHa, followed by a second injection of 19 µg/kg (12 h 
later), and for males, a single injection of 10 µg/kg.  Ovulation is expected 12-16 hours after the 

                                                      

3 Either a Section 10 permit will be required from NMFS or a collecting permit from CDFG to collect the adults and 
spawn them.  We are currently communicated with Jeff McLain and David Woodbury about the necessity of 
spawning wild adults and setting up a program of artificial propagation for the green sturgeon. 
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resolving injection.  Ovulated eggs would be collected (see Cesarean Surgery procedures below) 
not later than 1.5 h after ovulation, briefly rinsed in freshwater, and fertilized with milt diluted 
1:200 for at least 4 min, or until the eggs start to adhere to the sides of the fertilization container. 
Fertilized eggs would be silted for 1 h and incubated in upwelling incubators.  Optimally, all 
these procedures should be performed within the temperature range of 12 to 16oC. 

Cesarean Surgery: When ovulated eggs have been released by the female (the tank is 
checked for eggs every hour beginning at 10 hours post-2nd injection) the female is removed 
from the holding tank by tube-net and placed into an anesthetic bath (MS-222@50 ppm) until 
equilibrium is lost and gill ventilation is every 2-3 seconds.  The female is removed from the 
anesthetic bath by carefully placing her into a hooded stretcher placed in the tank.  The stretcher 
is lifted, water drained and moved to sawhorse supports. The gills of the female are then irrigated 
with fresh oxygenated water containing 25 ppm MS-222, which is exchanged with fresh water 
every 10 minutes, to ensure the fish does not stop ventilating its gills.  Using a 100 qt cooler, 
small submersible water pump, and 1” diameter tygon tubing, we use this small recirculation 
system to keep the female under a moderate state of anesthesia, during which the female is still 
ventilating her gills, but is calm.  

Due to the fact that sturgeon have internal mullerian ducts and cannot be easily hand-
stripped like salmonids, the most efficient way to remove eggs is by caesarian section.  After 
anesthetizing the female, the incision area is gently swapped with 10% iodine and an 8-10 cm 
long incision is made in the abdomen using a # 10 scalpel blade and a Brown Adson tissue 
forceps.  The location of the incision is slightly lateral to the mid-line to contain about 1.2 cm 
thick of muscle and 4-6 ventral scutes anterior from the pelvic fin.  All surgical tools, and egg 
collection equipment are sterilized and aseptic conditions maintained.  Eggs are removed using 
plastic spoons with no sharp edges. After egg collection (takes about 15 minutes) and insertion of 
the telemetry tag, the incision is closed by two sets of sutures (takes about 15 minutes) for added 
strength, to ensure the peritoneum will be closed, and to help with apposition and rapid healing.  
The first is an internal suture used to bring the peritoneum and bottom half of the muscle 
together and the second is an external suture for the top part of the muscle and skin.  The internal 
suture is made using single interrupted stitches with the PDS II absorbable violet monofilament 
suture #0, with a swaged-on CT-2 taper needle.  The external stitches will use the same suture 
material except a larger swaged-on CP-1 cutting needle is needed to cut through the tough 
sturgeon skin.  The external sutures used are a special tension suture pattern called the “far-near-
near-far” pattern.  The advantage of this suture is that it apposes the skin edges and provides a 
degree of tension, which is important for the large sturgeon females when they become more 
active as they are healing.  The female is placed into a recovery tank and observed continually 
until she is swimming normally. The female will be released at the point of capture after 3-4 days 
observation.  The amount of days the individual fish are held in captivity, before and after 
spawning, needs to be kept at a minimum. Wild-caught green sturgeon refuse to feed in captivity, 
and the cesarean incision healing would certainly be impaired in non-feeding fish, leading to 
suffering and mortality. 

The UCD system for embryo incubation is already constructed but requires two small 
submersible chillers to maintain water temperatures during egg incubation Larval rearing would 
require a minimum of 6-4’ diameter tanks, for the critical weaning period, after yolk adsorption. 
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And as the larvae grow, larger tanks will be used for grow-out until individuals are large enough 
for telemetry tagging. 

The larvae at UCD will be cared for by Doroshov and Klimley’s labs.  Systems for larval 
rearing of sturgeon are already available at UCD.  The sites at UCD are supplied with well water 
and growth would be much faster than fish grown out at the Bureau site using river water. 
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Task 5 

Larval and Juvenile Green and White Sturgeon Swimming Performance and Behavior: 
Responses to Fish-protection Screens and Louvers. 

J.J. Cech, Jr. (PI) and D.E. Cocherell 

Introduction 

Very little is known concerning the swimming performance and behavior of green and 
white sturgeon larvae and juveniles, especially near fish-protection screens and louvers.  Field-
based, population-monitoring studies typically provide uneven results for water and fisheries 
management efforts, due to the variable influences of river stage and hydraulics and the life-
stage-dependent swimming performance and behavior aspects of the resident and migratory 
fishes.  A laboratory-based study will provide the baseline information to evaluate and calibrate 
field study results relevant to our native sturgeons’ interactions with fish screens and louvers.  It 
also specifically relates to one of the key questions on water operations and environmental issues 
that have been raised repeatedly at recent Science Program workshops and reviews: “What are 
the population-level effects of large and small water diversions throughout the Bay-Delta system 
on anadromous sturgeons’ different life stages?”  Identifying and providing for efficient fish 
protection (including screening), especially for diversions with the greatest fish-entrainment 
potential, will further ensure that agricultural water diversions do not impair improvements to 
fishery production resulting from river-habitat restoration.   From the Final rule on Green 
Sturgeon (Federal Register / Vol. 71, No. 67 / Friday, April 7, 2006 / Rules and Regulations): 

“The threat of screened and unscreened agricultural, municipal, and industrial water diversions 
in the Sacramento River and Delta to green sturgeon is largely unknown as juvenile sturgeon are 
often not identified and current CDFG and NMFS screen criteria do not address sturgeon. 
Based on the temporal occurrence of juvenile green sturgeon and the high density of water 
diversion structures along rearing and migration routes, we find the potential threat of these 
diversions to be serious and in need of study.” 

Methods and Results 

We propose a series of laboratory experiments to determine the swimming performance 
and behavior of young green sturgeon (Acipenser medirostris) and white sturgeon (A. 
transmontanus), including effects of positive barriers (screens), passive barriers (louvers), and 
behavioral deterrent devices (near-field vibrations and strobe-light flashes).  

1. Determine the age, mass, and length of post-hatch larval sturgeon, regarding positive 
rheotactic behaviors.  These behaviors, indicating the detection and response to water 
currents, help prevent downstream movements of these small fish in their riverine rearing 
areas.  Furthermore, these behaviors may help determine the ages and sizes at which they 
start to show avoidance behaviors.  These age and size-related data are key in 
understanding and modeling of resistance to entraining velocities at water diversions. 
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2. Conduct critical swimming velocities tests, in a Brett-style, recirculating-flow chamber, 
on green and white sturgeon, starting at the age of first positive rheotactic behaviors to 6 
months old, under night and day photophases.  These data will be valuable in determining 
escapement swimming velocities in entraining flow fields.  Knowing if Sacramento River 
sturgeons swimming abilities increase linearly with age or if they only start increasing at 
specific ages will be key.  Within these tests we can determine the station-holding 
capabilities of sturgeon.  Station-holding can be described as the fish’s volitional choice 
to avoid passive movements, via staying at a location.  Station-holding is germane to our 
proposal in predicting age and sizes of fish are capable of avoid entraining facilities. 

 
3. Perform tests in our laboratory flumes with positive barriers (screens) and passive 

barriers (louvers).  We propose to test various flow conditions (low, medium, to high 
velocities based on critical swimming experiments results) to observe screen contact rates 
and passage rate through louvers (under night and day photophases).  We will observe if 
contacting the screen has short and long term effects on the fish, via post-test health 
assessments and growth experiments (contact versus non-contact treatments) 
respectively.  This will elucidate the damage type and severity fish suffer from diversion 
structures interactions.  In addition, we propose to investigate if screen vibrations or 
photo-deterrents affect sturgeon screen contacts and passage rates.  In addition we 
propose to test behavioral deterrent devices, such as near-field vibrations at the screens 
and strobe-light flashes over the screens. 

 
4. We propose to conduct, also, several of the previous experiments with exercise-

conditioned fish versus non-conditioned fish.  Exercised fish are those kept in a constant 
flow fields, coaxing the fish to be active.  In the river fish may have higher activity levels 
than they would in large aquaria (i.e., laboratory holding tanks). These experiments will 
help identify if hatchery fish can benefit from exercise conditioning.  

 
Hypothesis 1.  The probability of entrainment loss within the zone of influence depends on: 
species (green vs. white sturgeon), swimming performance, behavior (e.g., response to flow and 
other stimuli), exposure duration, and environmental conditions (e.g., day vs. night). 

Hypothesis 2.  Fish that are exercise-conditioned, vs. non-exercise-conditioned fish, gain a 
performance advantage, when encountering the zone of influence of a water diversion, with a 
consequent lower probability of entrainment-related damage. 

We propose to focus on these factors and experiments because of their relevance in 
developing initial criteria to prioritize screened diversions for future fish protection.  If white 
sturgeons perform significantly similar to endangered green sturgeons, it could be justified to use 
white sturgeon as surrogates in future swimming performance experiments.  
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Yolo Bypass Conceptual Aquatic Restoration Opportunities: 

The following describes potential northern Yolo Bypass (above Little Holland Tract) 
aquatic restoration opportunities.  The CALFED Ecosystem Restoration Program 
Implementing Agencies (CDFG, USFWS, NMFS) in cooperation with the DWR, are 
evaluating the feasibility of implementing the following opportunities. These 
opportunities were developed through consultations with participating agencies of the 
Yolo Bypass Interagency Working Group (YBIWG).  The YBIWG acknowledges key 
issues, interests, and concerns raised during previous discussions with stakeholders 
and evaluates potential restoration opportunities with these issues in mind.   

The primary goal of the YBIWG is to improve conditions for native fish species 
(particularly State and federal Threatened and Endangered fish species and species of 
special concern) in the Yolo Bypass, thereby enhancing populations and recovery 
efforts while minimizing land management impact. 

This document focuses, at a conceptual level, on the sequential development of 
potential restoration opportunities in the northern Yolo Bypass. The set of potential 
restoration opportunities is provided to foster discussion among public entities and 
stakeholders interested in the northern Yolo Bypass. 



 

 

The YBIWG has identified the following potential restoration opportunities for further 
evaluation: 

 Putah Creek – Lower Putah Creek stream realignment and floodplain restoration 
for fish passage improvement and multi-species habitat development on existing 
public lands. 

 Lisbon Weir – Improve agriculture and habitat water control structure for fish 
and wildlife benefits. 

 Additional multi-species habitat development – Identify areas of opportunity 
within the Yolo Bypass Wildlife Area, or other appropriate areas that could 
provide for controlled localized seasonal inundation on more frequent intervals. 

 Tule Canal Connectivity – Identify passage impediments. Evaluate the 
feasibility of improving fish passage or removing fish passage impediments. 

 Multi-species fish passage structure– Evaluate the feasibility of constructing a 
multi-species fish passage structure at the Fremont Weir.  

 

Biological monitoring will be implemented as necessary and may be used to guide 
future actions and adaptive management. 

Multi-species restoration opportunities discussed here are presented in a sequential 
order of completion. For the full value of the proposed restoration opportunities in the 
Yolo Bypass to be realized, the following ordered scheme should occur. 

Step 1 - Putah Creek 

Evaluate and develop a plan for the realignment and restoration of lower Putah Creek. 
The area proposed for restoration is within existing public lands. The realignment has 
the potential to create 130 to 300 acres of shallow water habitat.  Benefits would include 
improved salmonid immigration and emigration to and from Putah Creek, an increase in 
avian (shorebird and waterfowl) habitat, increased aquatic and riparian habitat for other 
native species, as well as a significant enhancement to existing fish habitat in and 
around Putah Creek. 

Goals:  

• Improve passage, rearing, and emigration of adult and juvenile salmon and 
steelhead in Putah Creek. 

• Provide diverse aquatic and riparian habitats for shorebirds, ground nesting 
birds, waterfowl, plants, invertebrates, plankton, and spawning and rearing of 
native fish species. 
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Step 2 – Lisbon Weir 

Modify or replace Lisbon Weir to provide better fisheries management opportunities in 
Putah Creek and the Toe Drain, while improving the reliability of agricultural diversions 
and reducing maintenance requirements. A conceptual example of the synergistic 
benefits of these proposed restoration actions is the idea that improving Lisbon Weir’s 
reliability for agricultural diversions could increase flexibility in water distribution, thereby 
allowing for greater attraction flows to be released down the realigned Putah Creek.  

Goals:  

• Improve irrigation water distribution system to benefit fish and wildlife. 
• Improve likelihood of adult fall-run Chinook immigration to Putah Creek 
• Reduce delay and possible stranding of adult steelhead, Chinook salmon and 

sturgeon, when passable conditions to the Sacramento River exist. 
 

Step 3 – Additional multi-species habitat development 

Expand existing shallow water habitat for various species including juvenile native fish. 
Additional multi-species habitat could be developed through the excavation of a low 
shelf along a limited portion of the Toe Drain and through small scale setback levees, or 
by other unidentified means. Restoration opportunities for the development of additional 
seasonal shallow water habitat, where opportunities exist, may occur on: 

 Undeveloped lands within the Yolo Bypass Wildlife Area. 

1. Other undeveloped public lands within the Yolo Bypass. 
2. Private lands where cooperative agreements between the implementing 

agencies and the landowners provides mutual benefits. 
 

Goals: 

• Increase rearing habitat available to juvenile steelhead, Chinook salmon, and 
splittail. 

• Increase shallow water habitat availability for multiple species (fish, wildlife, 
plankton, and others). 

 

Step 4 – Tule Canal Connectivity 

Identify areas of stranding adjacent to the Fremont Weir. Evaluate the feasibility    of 
improving connectivity between the Fremont Weir, the Fremont Weir scour ponds, and 
the Toe Drain to reduce stranding of adult and juvenile fish. Identify seasonal road 
crossings and agricultural impoundments in the northern Yolo Bypass that impact 
wetted habitat connectivity, immigration, and emigration of fish species utilizing the Yolo 
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Bypass. Develop conceptual approaches for the modification of crossings and 
impoundments.  

Goals:  

• Reduce delay and stranding of adult steelhead, Chinook salmon, and sturgeon 
immigrating within the Yolo Bypass  

• Reduce delay and overall losses of juvenile Chinook salmon and steelhead 
emigrating within the Yolo Bypass.   

 
Step 5 – Multi-species fish passage 

Evaluate the feasibility and appropriateness of providing fish passage improvements in 
and along the Fremont Weir. Appropriate operational constraints would guide plan 
development and would ensure: 

1. Continued maintenance of flood conveyance capacity.  
2. No substantial changes in timing, volume, and/or duration flow. 
3. Minimal disturbance to existing land use and agricultural practices. 

  

Restoration opportunities may include the addition of a new, controlled multi-species 
fish passage structure at the eastern edge of the Fremont Weir. Additionally, restoration 
opportunities may include improvements along the existing weir face and apron to 
facilitate sturgeon passage along the length of Fremont Weir without introducing any 
additional flows. Conceptual designs for this option could include rock ramps that would 
provide a gradual slope up the face of the weir. In addition to the installation of new fish 
passage structures, the existing fish ladder will be analyzed to determine if 
modifications could allow for a greater range of fish species passage. 

Goals: 

• When present in the northern Yolo Bypass, improve immigration and emigration 
(reduce delay and stranding) of adult and juvenile fish (steelhead, Chinook 
salmon, and sturgeon).  

 

The YBIWG identified potential restoration opportunities with consideration given to the 
elimination or minimization of potential negative impacts to the following areas of 
concern: 

 Flood control 
 Agricultural operations  
 State and federal wildlife area infrastructure investments 
 Public and private waterfowl management operations  
 Wildlife management operations  
 Water quality  
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 Educational activities  
 Recreation  
 Vector control  
 Welfare of selected fish species at various life stages.  

 

The intent of the YBIWG is to keep all users and interest whole. Conceptual restoration 
opportunities were developed to be implemented with minimal impact to Yolo Bypass 
users. Restoration opportunities that significantly changed the timing and/or duration of 
flow, or that resulted in substantial new regulation of the Yolo Bypass, were eliminated 
from further consideration.  
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APPENDIX 2-D – SUMMARY OF AMERICAN RIVER FLOW 
MANAGEMENT STANDARD 

SUMMARY OF THE FLOW MANAGEMENT STANDARD PROGRAM  

FOR THE LOWER AMERICAN RIVER 

1.0 FLOW MANAGEMENT STANDARD DESCRIPTION 
The Flow Management Standard (FMS) for the Lower American River includes provisions for: (1) 
minimum flow and water temperature requirements; (2) the lower American River Group (ARG) to play a 
consultative role in operational decisions; and (3) monitoring and evaluation to ascertain the biological 
and ecological status of the river, and to provide input into the river management process. 

1.1 MINIMUM FLOW REQUIREMENTS 

The Minimum Flow Requirements prescribe the minimum flows to be released from Nimbus Dam, and 
are the cornerstone of the FMS.  The Minimum Flow Requirements do not preclude Reclamation from 
making higher releases at Nimbus Dam, and can vary throughout the year in response to the hydrology of 
the Sacramento and American river basins.    

Minimum Release Requirements 

The Minimum Release Requirements (MRR) range from 800 to 2,000 cfs based on a sequence of 
seasonal indices and adjustments.  The minimum Nimbus Dam release requirement is determined by 
applying the appropriate water availability index (Index Flow).  Three water availability indices (i.e., Four 
Reservoir Index (FRI), Sacramento River Index (SRI), and the Impaired Folsom Inflow Index (IFII)) are 
applied during different times of the year, which provides adaptive flexibility in response to changing 
hydrological and operational conditions.     

During some months, Prescriptive Adjustments may be applied to the Index Flow, resulting in the MRR.  
If there is no Prescriptive Adjustment, the MRR is equal to the Index Flow.   

Discretionary Adjustments for water conservation or fish protection may be applied during the period 
extending from June through October.  If Discretionary Adjustments are applied, then the resultant flows 
are referred to as the Adjusted Minimum Release Requirement (Adjusted MRR).   

The MRR and Adjusted MRR may be suspended in the event of extremely dry conditions, represented by 
“conference years” or “off-ramp criteria”.  Conference years are defined when the projected March 
through November unimpaired inflow into Folsom Reservoir is less than 400,000 acre-feet. Off-ramp 
criteria are triggered if forecasted Folsom Reservoir storage at any time during the next twelve months is 
less than 200,000 acre-feet. 

Water availability indices, Index Flows, Prescriptive Adjustments, MRRs, Discretionary Adjustments, 
and Adjusted MRRs are presented in Table 1.   
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Table 1. Flow Management Standard Indices and Flow Requirements 

Month Index 
Index Flows 

(cfs) Prescriptive Adjustments   

Minimum 
Release 

Requirements 
(cfs)  

Discretionary 
Adjustments 

Adjusted 
Minimum 

Release  
Requirements 

(cfs) 

October FRI 800-1,500  NA 800-1,500 Fish Protection 
Adjustment  1,250- 1,499 

November FRI 800-2,000  Spawning Flow Progression 800-2,000 NA  

December FRI 800-2,000 NA 800-2,000 NA  
SRI 

If Above Normal or Wet Year  (SRI 
> 15.7 MAF)  then release 1,750 cfs 

1,750 NA  

SRI 
If Dry or Below Normal Year  (10.2 
< SRI < 15.7 MAF) then maintain 
December MRR up to 1,750 cfs 

800-1,750 

December End-of-Month Storage Adjustment  
 

When End-Of-December Storage is < 300 TAF,  
then January MRR is 85% of December MRR NA  January 

SRI 
If Critical Year  (SRI  < 10.2 MAF) 

then reduce MRR 

85% of 
December 

MRR, but not 
less than 800 

NA 

800-1,750 
 

NA  

SRI 
If Above Normal or Wet Year  (SRI 
> 15.7 MAF)  then release 1,750 cfs 

1,750 NA  

SRI 
If Dry or Below Normal Year  (10.2 
< SRI < 15.7 MAF) then maintain 

January MRR up to 1,750 cfs 

800-1,750 

January End-of-Month Storage Adjustment  
 

When End-Of-January Storage is < 350 TAF,  
then February MRR is 85% of January MRR  

 NA  February 

SRI 
If Critical Year  (SRI  < 10.2 MAF) 

then reduce MRR 

85% of 
January MRR, 

but not less 
than 800 

NA 

800-1,750 
 

NA  

March 
through May IFII 800-1,750 

May End-of-Month Storage Adjustment  
 

When Calculated End-Of-May storage is < 700 
TAF, 

then IFII Index Flow or February MRR, 
whichever is less 

 
800-1,750 

 
NA  

June though 
Labor Day IFII 800-1,750 

September End-of-Month Storage Adjustment  
 

When Calculated End-Of-September storage is  
< 300 TAF, then IFII Index Flow or  Calculated 

Storage-Based Flow, whichever is less  

800-1,750 
Water Conservation or 

Fish Protection 
Adjustment 

1,500-1,749 

Post-Labor 
Day through 
September 30 

IFII 

June through 
Labor Day 

MRR, but not 
more than 

NA 800-1,500 Fish Protection 
Adjustment 1,250-1,499 
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Table 1. Flow Management Standard Indices and Flow Requirements 

Month Index 
Index Flows 

(cfs) Prescriptive Adjustments   

Minimum 
Release 

Requirements 
(cfs)  

Discretionary 
Adjustments 

Adjusted 
Minimum 

Release  
Requirements 

(cfs) 
1,500 



 

Lower American River  

Water Availability Indices and Other Definitions 

Four Reservoir Index 

The FRI is an index of the end-of-September combined carryover storage in Folsom, French 
Meadows, Hell Hole, and Union Valley reservoirs and is used to calculate the Index Flow for 
October through December.   

Sacramento River Index  
The SRI is an index of forecasted water year runoff for the Sacramento River Basin, and is used 
to calculate the Index Flow for the months of January and February.   

Impaired Folsom Inflow Index  

The IFII is an index of the forecasted volume of flow into Folsom Reservoir from May through 
September, and is used to calculate the Index Flow from March through September.   

Index Flows 

Index Flows are the initial flows (nominal flows) identified by application of the various water 
availability indices, and are subject to Prescriptive and Discretionary Adjustments, which result in 
Minimum Release Requirements (defined below).  Year-round water availability indices and 
corresponding Index Flows are presented in Figure 2.  The October 1 through December 31 
Index Flows range between 800 and 2,000 cfs.  The January 1 through Labor Day Index Flows 
range between 800 and 1,750 cfs.  The post-Labor Day through September 30 Index Flows range 
between 800 and 1,500 cfs. 
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Figure 2. Index Flow Requirements 

Prescriptive Adjustments 

The FMS includes five Prescriptive (non-discretionary) Adjustments to the Index Flows in 
consideration of Folsom Reservoir storage and water conservation.   

• Chinook Salmon Spawning Flow Progression Adjustment  

• December End-of-Month Storage Adjustment  

• January End-of-Month Storage Adjustment 

• May End-of-Month Storage Adjustment  

• September End-of-Month Storage Adjustment  

When Prescriptive Adjustments are applicable, the MRR is equal to the value that results from 
applying the given adjustment to the Index Flow.  When Prescriptive Adjustments are not 
applicable, the MRR is equal to the Index Flow.  

 

Discretionary Adjustments 

Two types of discretionary adjustments are possible: (1) water conservation; and (2) fish 
protection. A water conservation Discretionary Adjustment may be implemented in consideration 
of Folsom Reservoir storage, but will not be permitted if it would be likely to cause or exacerbate 
harmful water temperature-related impacts to rearing juvenile steelhead or spawning fall-run 
Chinook salmon. Fish protection includes conservation of remaining cold water reserves, taking 
into account effects of the Discretionary Adjustment on in-river water temperature and habitat.   

 

Overview of the Coldwater Pool Management Model and the 
Automated Temperature Selection Procedure  

Coldwater Pool Management Model 

Flexibility to meet the Flow Management Standard (FMS) water temperature objectives may be 
promoted by using the Coldwater Pool Management Model (CPMM) in the development and 
updating of the Annual Water Temperature Management Plan.  The CPMM may be used to select 
the most beneficial seasonal target temperature objectives for the lower American River during a 
given year.  Selection of seasonal water temperatures is: 

 Characterized by the rate and duration with which available cold water will be released 
from Folsom Reservoir to control water temperatures 

 Based on the biological benefit expected from controlling lower American River water 
temperatures 

 Limited by the amount of cold water available in Folsom Reservoir. 
 

The CPMM requires: 
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 Initial reservoir conditions (i.e., profiles of water temperature, total dissolved solids, and 
suspended solids) 

 Hydrologic time series data of projected North and South Forks of the American River 
inflow to Folsom Reservoir  

 Reservoir evaporation and river heat gain 
 Meteorological data 
 Folsom Reservoir operation data (Folsom Dam releases and Folsom Pumping Plant 

diversion) 
 

Automated Temperature Selection Procedure 

The Folsom Reservoir and lower American River water temperature models are utilized in an 
iterative manner referred to as the Automated Temperature Selection Procedure (ATSP). The 
ATSP operates the reservoir and river water temperature models with the objective of achieving 
monthly target water temperatures in the lower American River at Watt Avenue, and is designed 
to aid in the planning and achievement of general management objectives for the lower American 
River.  

Seasonal Priorities/Automated Temperature Selection Procedure Schedules 

The ATSP involves the use of multiple target water temperature schedules for the lower 
American River at Watt Avenue. The “schedule” approach was developed with the purpose of 
balancing the seasonal use of Folsom Reservoir’s coldwater availability, which varies from year 
to year. The prioritization order of the target temperature schedules for the FMS reflects the 
desire to protect juvenile steelhead over-summer rearing while balancing the needs of fall-run 
Chinook salmon spawning, given the constraints of coldwater pool availability at Folsom 
Reservoir. 

A schedule of water temperatures, for May through November, is specified as the preferred 
schedule of monthly water temperature targets. Because Folsom Reservoir water temperatures are 
not isothermal during the May through November period, ATSP water temperature targets are 
achieved through choice of reservoir level from which releases are drawn.  If the preferred 
schedule cannot be achieved with the available release level choices, the procedure cycles to a 
second, slightly less preferred schedule of water temperatures. If the second schedule cannot be 
met, the procedure continues through a series of schedules, arranged by declining preference, 
until a schedule of targets is met for that year.  

Table 1 presents the ATSP schedule developed with the purpose of balancing the seasonal use of 
Folsom Reservoir’s coldwater availability prioritized to protect juvenile steelhead over-summer 
rearing while balancing the needs of fall-run Chinook salmon spawning.  If desirable, an 
alternative schedule could be developed. Schedule #1 has the most beneficial application of 
coldwater for conditions when sufficient coldwater is available for Folsom Reservoir releases 
during the May though November period. Schedule #78 has the least desirable application for 
fisheries benefits relative to other schedules, but may be the only achievable schedule during 
years of extremely limited coldwater pool availability in Folsom Reservoir. The monthly May 
through November targets are varied incrementally, to reduce and shift the amount of coldwater 
released during the summer months, to achieve the balanced management objectives for steelhead 
and fall-run Chinook salmon. In Table 1, the cells highlighted in yellow indicate changes in water 
temperature targets for a given month and schedule, as compared to the previous schedule.   
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There are no water temperature targets for the months of December through April. During these 
months of the year, Folsom Reservoir is typically well-mixed and the water column is nearly 
isothermal with depth. For this reason and because ambient air temperatures are sufficient to 
maintain suitable water temperatures for steelhead and fall-run Chinook salmon in the lower 
American River, water temperature targets are not identified for the December through April 
period. 

Table 1. Automated Temperature Selection Procedure Schedules. 

Lower American River Water Temperature Targets at Watt Avenue (°F) 

Schedule May Jun Jul Aug Sep Oct Nov

1 63 63 63 63 63 56 56

2 63 63 63 63 63 57 56

3 63 63 63 63 63 58 56

4 63 63 63 63 63 59 56

5 63 63 63 63 63 60 56

6 63 63 63 63 63 60 57

7 63 63 63 63 63 60 58

8 63 63 64 63 63 60 58

9 63 63 64 64 63 60 58

10 63 63 64 64 64 60 58

11 63 64 64 64 64 60 58

12 64 64 64 64 64 60 58

13 64 64 65 64 64 60 58

14 64 64 65 65 64 60 58

15 64 64 65 65 65 60 58

16 64 65 65 65 65 60 58

17 65 65 65 65 65 60 58

18 65 65 65 65 65 61 58
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Lower American River Water Temperature Targets at Watt Avenue (°F) 

Schedule May Jun Jul Aug Sep Oct Nov

19 65 65 65 65 65 62 58

20 65 65 65 65 65 63 58

21 65 65 65 65 65 64 58

22 65 65 65 65 65 65 58

23 65 65 65 65 65 65 59

24 65 65 66 65 65 65 59

25 65 65 66 66 65 65 59

26 65 65 66 66 66 65 59

27 65 66 66 66 66 65 59

28 66 66 66 66 66 65 59

29 66 66 67 66 66 65 59

30 66 66 67 67 66 65 59

31 66 66 67 67 67 65 59

32 66 67 67 67 67 65 59

33 67 67 67 67 67 65 59

34 67 67 68 67 67 65 59

35 67 67 68 68 67 65 59

36 67 67 68 68 68 65 59

37 67 68 68 68 68 65 59

38 68 68 68 68 68 65 59

39 68 68 68 68 68 66 59

40 68 68 68 68 68 67 59

41 68 68 68 68 68 68 59

42 68 68 69 68 68 68 59
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Lower American River Water Temperature Targets at Watt Avenue (°F) 

Schedule May Jun Jul Aug Sep Oct Nov

43 68 68 69 69 68 68 59

44 68 68 69 69 69 68 59

45 68 69 69 69 69 68 59

46 69 69 69 69 69 68 59

47 69 69 69 69 69 69 59

48 69 69 69 69 69 69 60

49 69 69 70 69 69 69 60

50 69 69 70 70 69 69 60

51 69 69 70 70 70 69 60

52 69 70 70 70 70 69 60

53 70 70 70 70 70 69 60

54 70 70 70 70 70 70 60

55 70 70 70 70 70 70 61

56 70 70 71 70 70 70 61

57 70 70 71 71 70 70 61

58 70 70 71 71 71 70 61

59 70 71 71 71 71 70 61

60 71 71 71 71 71 70 61

61 71 71 71 71 71 71 61

62 71 71 71 71 71 71 62

63 71 71 72 71 71 71 62

64 71 71 72 72 71 71 62

65 71 71 72 72 72 71 62

66 71 72 72 72 72 71 62
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Lower American River Water Temperature Targets at Watt Avenue (°F) 

Schedule May Jun Jul Aug Sep Oct Nov

67 72 72 72 72 72 71 62

68 72 72 72 72 72 72 62

69 72 72 72 72 72 72 63

70 72 72 72 72 72 72 64

71 72 72 72 72 72 72 65

72 72 72 72 72 72 72 66

73 72 72 72 72 72 72 67

74 72 72 72 72 72 72 68

75 72 72 72 72 72 72 69

76 72 72 72 72 72 72 70

77 72 72 72 72 72 72 71

78 72 72 72 72 72 72 72
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Introduction: 

The following tables indicate the specific minimum flows needed to achieve the minimum flow schedule as 
specified in Action III.1.3.  The flow is based on releases measured at Goodwin Dam.  



 

OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS
1 200 1 200 1 200 1 200 1 200 1 200
2 200 2 200 2 200 2 200 2 200 2 200
3 200 3 200 3 200 3 400 3 200 3 200
4 200 4 200 4 200 4 400 4 200 4 200
5 200 5 200 5 200 5 200 5 400 5 200
6 200 6 200 6 200 6 200 6 400 6 200
7 200 7 200 7 200 7 200 7 200 7 200
8 200 8 200 8 200 8 200 8 200 8 200
9 200 9 200 9 200 9 200 9 200 9 200

10 200 10 200 10 200 10 200 10 200 10 200
11 200 11 200 11 200 11 200 11 200 11 200
12 200 12 200 12 200 12 200 12 200 12 200
13 200 13 200 13 200 13 200 13 200 13 200
14 200 14 200 14 200 14 200 14 200 14 200
15 500 15 200 15 200 15 200 15 200 15 200
16 750 16 200 16 200 16 200 16 200 16 200
17 1000 17 200 17 200 17 200 17 200 17 200
18 1250 18 200 18 200 18 200 18 200 18 200
19 1250 19 200 19 200 19 200 19 200 19 200
20 1250 20 200 20 200 20 200 20 200 20 200
21 1250 21 200 21 200 21 200 21 200 21 200
22 1250 22 200 22 200 22 200 22 200 22 200
23 1250 23 200 23 200 23 200 23 200 23 200
24 1250 24 200 24 200 24 200 24 200 24 200
25 1250 25 200 25 200 25 200 25 200 25 200
26 1000 26 200 26 200 26 200 26 200 26 200
27 750 27 200 27 200 27 200 27 200 27 200
28 500 28 200 28 200 28 200 28 200 28 200
29 200 29 200 29 200 29 200 29 200
30 200 30 200 30 200 30 200 30 200
31 200 31 200 31 200 31 200

APR CFS MAY CFS JUN CFS JUL CFS AUG CFS SEP CFS
1 200 1 725 1 150 1 150 1 150 1 150
2 200 2 725 2 150 2 150 2 150 2 150
3 200 3 725 3 150 3 150 3 150 3 150
4 200 4 725 4 150 4 150 4 150 4 150
5 200 5 725 5 150 5 150 5 150 5 150
6 200 6 725 6 150 6 150 6 150 6 150
7 200 7 725 7 150 7 150 7 150 7 150
8 200 8 725 8 150 8 150 8 150 8 150
9 200 9 725 9 150 9 150 9 150 9 150

10 200 10 725 10 150 10 150 10 150 10 150
11 200 11 725 11 150 11 150 11 150 11 150
12 200 12 725 12 150 12 150 12 150 12 150
13 200 13 550 13 150 13 150 13 150 13 150
14 200 14 450 14 150 14 150 14 150 14 150
15 350 15 300 15 150 15 150 15 150 15 150
16 500 16 150 16 150 16 150 16 150 16 150
17 725 17 150 17 150 17 150 17 150 17 150
18 725 18 150 18 150 18 150 18 150 18 150
19 725 19 150 19 150 19 150 19 150 19 150
20 725 20 150 20 150 20 150 20 150 20 150
21 725 21 150 21 150 21 150 21 150 21 150
22 725 22 150 22 150 22 150 22 150 22 150
23 725 23 150 23 150 23 150 23 150 23 150
24 725 24 150 24 150 24 150 24 150 24 150
25 725 25 150 25 150 25 150 25 150 25 150
26 725 26 150 26 150 26 150 26 150 26 150
27 725 27 150 27 150 27 150 27 150 27 150
28 725 28 150 28 150 28 150 28 150 28 150
29 725 29 150 29 150 29 150 29 150 29 150
30 725 30 150 30 150 30 150 30 150 30 150

31 150 31 150 31 150

Water Year Type:  Critically Dry
Stanislaus River Minimum Fish Flow Schedule
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OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS
1 200 1 200 1 200 1 200 1 200 1 200
2 200 2 200 2 200 2 200 2 200 2 200
3 200 3 200 3 200 3 400 3 200 3 200
4 200 4 200 4 200 4 400 4 200 4 200
5 200 5 200 5 200 5 400 5 400 5 200
6 200 6 200 6 200 6 200 6 400 6 200
7 200 7 200 7 200 7 200 7 400 7 200
8 200 8 200 8 200 8 200 8 200 8 200
9 200 9 200 9 200 9 200 9 200 9 200
10 200 10 200 10 200 10 200 10 200 10 200
11 200 11 200 11 200 11 200 11 200 11 200
12 200 12 200 12 200 12 200 12 200 12 200
13 200 13 200 13 200 13 200 13 200 13 200
14 200 14 200 14 200 14 200 14 200 14 200
15 500 15 200 15 200 15 200 15 200 15 200
16 750 16 200 16 200 16 200 16 200 16 200
17 1000 17 200 17 200 17 200 17 200 17 200
18 1250 18 200 18 200 18 200 18 200 18 200
19 1250 19 200 19 200 19 200 19 200 19 200
20 1250 20 200 20 200 20 200 20 200 20 200
21 1500 21 200 21 200 21 200 21 200 21 200
22 1500 22 200 22 200 22 200 22 200 22 200
23 1500 23 200 23 200 23 200 23 200 23 200
24 1250 24 200 24 200 24 200 24 200 24 200
25 1250 25 200 25 200 25 200 25 200 25 200
26 1250 26 200 26 200 26 200 26 200 26 200
27 1000 27 200 27 200 27 200 27 200 27 200
28 750 28 200 28 200 28 200 28 200 28 200
29 500 29 200 29 200 29 200 29 200
30 200 30 200 30 200 30 200 30 200
31 200 31 200 31 200 31 200

APR CFS MAY CFS JUN CFS JUL CFS AUG CFS SEP CFS
1 200 1 1000 1 200 1 200 1 200 1 200
2 200 2 1000 2 200 2 200 2 200 2 200
3 200 3 1000 3 200 3 200 3 200 3 200
4 200 4 1000 4 200 4 200 4 200 4 200
5 200 5 1000 5 200 5 200 5 200 5 200
6 200 6 1000 6 200 6 200 6 200 6 200
7 200 7 1000 7 200 7 200 7 200 7 200
8 350 8 1000 8 200 8 200 8 200 8 200
9 500 9 1000 9 200 9 200 9 200 9 200
10 750 10 1000 10 200 10 200 10 200 10 200
11 1000 11 1000 11 200 11 200 11 200 11 200
12 1000 12 1000 12 200 12 200 12 200 12 200
13 1000 13 1000 13 200 13 200 13 200 13 200
14 1000 14 1000 14 200 14 200 14 200 14 200
15 1000 15 1000 15 200 15 200 15 200 15 200
16 1000 16 800 16 200 16 200 16 200 16 200
17 1000 17 600 17 200 17 200 17 200 17 200
18 1000 18 450 18 200 18 200 18 200 18 200
19 1000 19 300 19 200 19 200 19 200 19 200
20 1000 20 200 20 200 20 200 20 200 20 200
21 1000 21 200 21 200 21 200 21 200 21 200
22 1000 22 200 22 200 22 200 22 200 22 200
23 1000 23 200 23 200 23 200 23 200 23 200
24 1000 24 200 24 200 24 200 24 200 24 200
25 1000 25 200 25 200 25 200 25 200 25 200
26 1000 26 200 26 200 26 200 26 200 26 200
27 1000 27 200 27 200 27 200 27 200 27 200
28 1000 28 200 28 200 28 200 28 200 28 200
29 1000 29 200 29 200 29 200 29 200 29 200
30 1000 30 200 30 200 30 200 30 200 30 200

31 200 31 200 31 200

Stanislaus River Minimum Fish Flow Schedule
Water Year Type:   Dry
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OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS
1 250 1 200 1 200 1 200 1 200 1 200
2 250 2 200 2 200 2 200 2 200 2 200
3 250 3 200 3 200 3 400 3 200 3 200
4 250 4 200 4 200 4 400 4 200 4 200
5 250 5 200 5 200 5 400 5 400 5 200
6 250 6 200 6 200 6 400 6 400 6 200
7 250 7 200 7 200 7 200 7 400 7 200
8 250 8 200 8 200 8 200 8 400 8 200
9 250 9 200 9 200 9 200 9 200 9 200
10 250 10 200 10 200 10 200 10 200 10 200
11 250 11 200 11 200 11 200 11 200 11 200
12 250 12 200 12 200 12 200 12 200 12 200
13 250 13 200 13 200 13 200 13 200 13 200
14 250 14 200 14 200 14 200 14 200 14 200
15 500 15 200 15 200 15 200 15 200 15 200
16 750 16 200 16 200 16 200 16 200 16 200
17 1000 17 200 17 200 17 200 17 200 17 200
18 1250 18 200 18 200 18 200 18 200 18 200
19 1500 19 200 19 200 19 200 19 200 19 200
20 1500 20 200 20 200 20 200 20 200 20 200
21 1500 21 200 21 200 21 200 21 200 21 200
22 1500 22 200 22 200 22 200 22 200 22 200
23 1500 23 200 23 200 23 200 23 200 23 200
24 1500 24 200 24 200 24 200 24 200 24 200
25 1500 25 200 25 200 25 200 25 200 25 200
26 1500 26 200 26 200 26 200 26 200 26 200
27 1500 27 200 27 200 27 200 27 200 27 200
28 1250 28 200 28 200 28 200 28 200 28 200
29 1000 29 200 29 200 29 200 29 200
30 750 30 200 30 200 30 200 30 200
31 500 31 200 31 200 31 200

APR CFS MAY CFS JUN CFS JUL CFS AUG CFS SEP CFS
1 400 1 1500 1 900 1 250 1 250 1 250
2 750 2 1500 2 600 2 250 2 250 2 250
3 1000 3 1500 3 600 3 250 3 250 3 250
4 1250 4 1500 4 600 4 250 4 250 4 250
5 1500 5 1500 5 600 5 250 5 250 5 250
6 1700 6 1500 6 600 6 250 6 250 6 250
7 2000 7 1500 7 450 7 250 7 250 7 250
8 2000 8 1500 8 450 8 250 8 250 8 250
9 2000 9 1500 9 450 9 250 9 250 9 250
10 2000 10 1500 10 450 10 250 10 250 10 250
11 1500 11 1500 11 300 11 250 11 250 11 250
12 1500 12 1500 12 300 12 250 12 250 12 250
13 1500 13 1500 13 300 13 250 13 250 13 250
14 1500 14 1250 14 300 14 250 14 250 14 250
15 1500 15 1250 15 250 15 250 15 250 15 250
16 1500 16 1250 16 250 16 250 16 250 16 250
17 1500 17 1250 17 250 17 250 17 250 17 250
18 1500 18 1250 18 250 18 250 18 250 18 250
19 2000 19 1250 19 250 19 250 19 250 19 250
20 2000 20 1000 20 250 20 250 20 250 20 250
21 2000 21 1000 21 250 21 250 21 250 21 250
22 2000 22 1000 22 250 22 250 22 250 22 250
23 1500 23 1000 23 250 23 250 23 250 23 250
24 1500 24 1000 24 250 24 250 24 250 24 250
25 1500 25 1000 25 250 25 250 25 250 25 250
26 1500 26 1000 26 250 26 250 26 250 26 250
27 1500 27 900 27 250 27 250 27 250 27 250
28 1500 28 900 28 250 28 250 28 250 28 250
29 1500 29 900 29 250 29 250 29 250 29 250
30 1500 30 900 30 250 30 250 30 250 30 250

31 900 31 250 31 250

Stanislaus River Minimum Fish Flow Schedule
Water Year Type:  Below Normal
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OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS
1 300 1 200 1 200 1 200 1 200 1 200
2 300 2 200 2 200 2 200 2 200 2 350
3 300 3 200 3 200 3 400 3 200 3 700
4 300 4 200 4 200 4 400 4 200 4 1200
5 300 5 200 5 200 5 400 5 400 5 1800
6 300 6 200 6 200 6 400 6 400 6 2300
7 300 7 200 7 200 7 400 7 400 7 3000
8 300 8 200 8 200 8 200 8 400 8 3000
9 300 9 200 9 200 9 200 9 400 9 3000
10 300 10 200 10 200 10 200 10 200 10 3000
11 300 11 200 11 200 11 200 11 200 11 3000
12 300 12 200 12 200 12 200 12 200 12 3000
13 300 13 200 13 200 13 200 13 200 13 1200
14 300 14 200 14 200 14 200 14 200 14 800
15 500 15 200 15 200 15 200 15 200 15 800
16 750 16 200 16 200 16 200 16 200 16 800
17 1000 17 200 17 200 17 200 17 200 17 800
18 1250 18 200 18 200 18 200 18 200 18 800
19 1500 19 200 19 200 19 200 19 200 19 800
20 1500 20 200 20 200 20 200 20 200 20 800
21 1500 21 200 21 200 21 200 21 200 21 800
22 1500 22 200 22 200 22 200 22 200 22 800
23 1500 23 200 23 200 23 200 23 200 23 800
24 1500 24 200 24 200 24 200 24 200 24 800
25 1500 25 200 25 200 25 200 25 200 25 800
26 1500 26 200 26 200 26 200 26 200 26 800
27 1500 27 200 27 200 27 200 27 200 27 1200
28 1250 28 200 28 200 28 200 28 200 28 1500
29 1000 29 200 29 200 29 200 29 2300
30 750 30 200 30 200 30 200 30 3000
31 500 31 200 31 200 31 3000

APR CFS MAY CFS JUN CFS JUL CFS AUG CFS SEP CFS
1 3000 1 3000 1 1200 1 300 1 300 1 300
2 3000 2 3000 2 1200 2 300 2 300 2 300
3 3000 3 3000 3 1200 3 300 3 300 3 300
4 3000 4 3000 4 1200 4 300 4 300 4 300
5 2300 5 2300 5 1200 5 300 5 300 5 300
6 1500 6 1500 6 1200 6 300 6 300 6 300
7 1200 7 1500 7 1200 7 300 7 300 7 300
8 800 8 1500 8 1200 8 300 8 300 8 300
9 800 9 1500 9 1000 9 300 9 300 9 300
10 800 10 1500 10 1000 10 300 10 300 10 300
11 800 11 1500 11 1000 11 300 11 300 11 300
12 800 12 1500 12 1000 12 300 12 300 12 300
13 800 13 1500 13 1000 13 300 13 300 13 300
14 800 14 1500 14 1000 14 300 14 300 14 300
15 800 15 1200 15 1000 15 300 15 300 15 300
16 800 16 1200 16 1000 16 300 16 300 16 300
17 800 17 1200 17 1000 17 300 17 300 17 300
18 800 18 1200 18 1000 18 300 18 300 18 300
19 800 19 1200 19 1000 19 300 19 300 19 300
20 800 20 1200 20 1000 20 300 20 300 20 300
21 800 21 1200 21 1000 21 300 21 300 21 300
22 800 22 1200 22 1000 22 300 22 300 22 300
23 800 23 1200 23 1000 23 300 23 300 23 300
24 800 24 1200 24 750 24 300 24 300 24 300
25 800 25 1200 25 750 25 300 25 300 25 300
26 800 26 1200 26 500 26 300 26 300 26 300
27 1500 27 1200 27 500 27 300 27 300 27 300
28 2300 28 1200 28 500 28 300 28 300 28 300
29 3000 29 1200 29 300 29 300 29 300 29 300
30 3000 30 1200 30 300 30 300 30 300 30 300

31 1200 31 300 31 300

Stanislaus River Minimum Fish Flow Schedule
Water Year Type:  Above Normal
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OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS
1 400 1 300 1 300 1 300 1 300 1 600
2 400 2 300 2 300 2 300 2 300 2 1200
3 400 3 300 3 300 3 600 3 300 3 2400
4 400 4 300 4 300 4 600 4 300 4 5000
5 400 5 300 5 300 5 600 5 600 5 5000
6 400 6 300 6 300 6 600 6 600 6 5000
7 400 7 300 7 300 7 600 7 600 7 5000
8 400 8 300 8 300 8 600 8 600 8 4500
9 400 9 300 9 300 9 300 9 600 9 2400
10 400 10 300 10 300 10 300 10 600 10 1200
11 400 11 300 11 300 11 300 11 300 11 800
12 400 12 300 12 300 12 300 12 300 12 800
13 400 13 300 13 300 13 300 13 300 13 800
14 400 14 300 14 300 14 300 14 300 14 800
15 500 15 300 15 300 15 300 15 300 15 800
16 750 16 300 16 300 16 300 16 300 16 800
17 1000 17 300 17 300 17 300 17 300 17 800
18 1250 18 300 18 300 18 300 18 300 18 800
19 1500 19 300 19 300 19 300 19 300 19 800
20 1500 20 300 20 300 20 300 20 300 20 1200
21 1500 21 300 21 300 21 300 21 300 21 1200
22 1500 22 300 22 300 22 300 22 300 22 1200
23 1500 23 300 23 300 23 300 23 300 23 1200
24 1500 24 300 24 300 24 300 24 300 24 1200
25 1500 25 300 25 300 25 300 25 300 25 800
26 1500 26 300 26 300 26 300 26 300 26 800
27 1500 27 300 27 300 27 300 27 300 27 800
28 1250 28 300 28 300 28 300 28 300 28 800
29 1000 29 300 29 300 29 300 29 800
30 750 30 300 30 300 30 300 30 800
31 500 31 300 31 300 31 800

APR CFS MAY CFS JUN CFS JUL CFS AUG CFS SEP CFS
1 800 1 4800 1 1200 1 800 1 400 1 400
2 800 2 4800 2 1200 2 500 2 400 2 400
3 1200 3 4500 3 1200 3 500 3 400 3 400
4 2400 4 4500 4 1200 4 500 4 400 4 400
5 5000 5 4500 5 1200 5 500 5 400 5 400
6 5000 6 2400 6 1200 6 500 6 400 6 400
7 5000 7 1200 7 1200 7 400 7 400 7 400
8 4500 8 800 8 1200 8 400 8 400 8 400
9 3500 9 800 9 1200 9 400 9 400 9 400
10 2400 10 800 10 1200 10 400 10 400 10 400
11 1200 11 800 11 1200 11 400 11 400 11 400
12 800 12 800 12 1200 12 400 12 400 12 400
13 800 13 800 13 1200 13 400 13 400 13 400
14 800 14 800 14 1200 14 400 14 400 14 400
15 800 15 800 15 1200 15 400 15 400 15 400
16 800 16 800 16 1200 16 400 16 400 16 400
17 800 17 800 17 1200 17 400 17 400 17 400
18 800 18 1500 18 1200 18 400 18 400 18 400
19 800 19 1500 19 1000 19 400 19 400 19 400
20 800 20 1500 20 1000 20 400 20 400 20 400
21 800 21 2500 21 1000 21 400 21 400 21 400
22 800 22 2500 22 1000 22 400 22 400 22 400
23 800 23 2500 23 1000 23 400 23 400 23 400
24 800 24 2500 24 1000 24 400 24 400 24 400
25 800 25 2500 25 1000 25 400 25 400 25 400
26 800 26 1500 26 1000 26 400 26 400 26 400
27 800 27 1500 27 1000 27 400 27 400 27 400
28 800 28 1500 28 800 28 400 28 400 28 400
29 1200 29 1500 29 800 29 400 29 400 29 400
30 2400 30 1500 30 800 30 400 30 400 30 400

31 1500 31 400 31 400

Stanislaus River Minimum Fish Flow Schedule
Water Year Type:   Wet
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Appendix 3 
 

Estimate of Change in Abundance of Fall-run and Late Fall-run Chinook 
Salmon Available to Killer Whales Due to CVP and SWP Operations 

John Hannon 2-4-2009 
 
Changes in production of Central Valley fall-run and late fall-run Chinook salmon emigrating 
from freshwater due to Project operations were estimated using the tools and data available in 
each of the rivers and in the Delta.  Sacramento River changes were estimated using the Salmod 
model, which integrates the effects of water temperature, flow, fish density, and distribution on 
all lifestages present in the river upstream of Red Bluff.  Feather River, American River, and 
Stanislaus River changes were estimated using the Reclamation salmon mortality model.  This 
model uses water temperature and spawning distribution data to estimate early lifestage 
survival/mortality.  Delta changes were estimated using the results of Chinook salmon survival 
studies described in the Delta effects section of the BO.  These have been combined in a 
spreadsheet model to estimate effects of Delta operations scenarios on Chinook salmon survival.  
The quantified freshwater mortality sources were combined into an overall change in freshwater 
mortality attributable to the water operations scenarios.  Hatchery production was included in the 
analysis by using the production goals for each Central Valley Chinook hatchery as the number 
of hatchery produced fish released each year.  In-river mortality was applied to the in-river 
released hatchery fish and these were then added to the Bay releases for a total number of 
hatchery fish in the bay.  The average ocean abundance (production) of fall and late fall-run 
Chinook was divided by the number of hatchery and naturally produced fall and late fall-run in 
the Bay to determine a baseline ocean survival value and number of hatchery and naturally 
produced Chinook in the ocean.  The baseline ocean abundance along with changes in freshwater 
survival was used to calculate a range of Chinook salmon prey available to Southern Residents 
under the operational scenarios. 
 
Changes in Production from the Upstream Areas 
 
Sacramento River 
The Salmod model was used to estimate the number of fall-run and late fall-run emigrating from 
the Sacramento River past Red Bluff under current and future conditions.  The model calculates 
juvenile production emigrating downstream past Red Bluff for each run from a starting adult 
escapement level entering the upper Sacramento River at Red Bluff.  Factors in the model 
affecting production include water temperature affects on each lifestage present in the upper 
river (adult through emigrating juveniles), flow versus spawning habitat area relative to adult 
spawner distribution, and flow versus rearing habitat area relative to fish distribution.  Figure 1 
shows the estimated number of juvenile fall-run emigrants past Red Bluff from an escapement of 
59,653 adults.  The maximum production from this escapement level is near 35 million 
emigrants.  Many years have lower production.  Table 1 shows the mortality calculated in 
Salmod by causative factor under Study 7.0.  These scenarios are “with Project” operations.  
Production without the Project is harder to estimate because all data available is with Project 
operations in place.  An assumption was made that production without the project could be 
maintained near the maximum production year with the Project by providing flows and 
temperatures that target salmonid production.  The production estimates do not include effects 



due to factors such as fish stranding, redd dewatering, or predation.  These effects are similar to 
those described in the BO for winter-run and spring-run Chinook.  Stranding and redd 
dewatering in the Sacramento River is likely of a greater magnitude for fall-run when flows are 
decreased in the fall as water demands drop off and flows are lowered to provide storage for 
water releases the next season.  These effects have not been quantified for any of the runs.  
Predation effects on fall-run and late fall-run are similar to those for winter and spring-run.  The 
reduction in production compared to the maximum production year is shown in figure 2 for each 
operational scenario.   
 
Figure 3 shows late fall-run production past Red Bluff from an escapement of 12,051 adults.  
Production during most years was around 7 million juveniles, but some years experienced lower 
production.  The reduction in production compared to the maximum production year is shown in 
figure 4 for each operational scenario. 
 

Fall Run Chinook Production at RBDD
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Figure 1.  Juvenile fall-run Chinook production emigrating past Red Bluff during each year of the Calsim 
modeling period by OCAP operational scenario.   
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Decrease in Juvenile Fall-run Chinook Production Emigrating 
Downstream Past Red Bluff Compared to No Project
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Figure 2.  Reduction in upper Sacramento River juvenile fall-run Chinook production during each year of 
the Calsim modeling relative to the maximum production year.   
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Table 1.  Mortality of fall-run Chinook salmon by lifestage and causative factor under Study 7.0 operations.  
Escapement = 59,653; Total potential eggs = 143,160,000 
    DATE    Adult Females - Temp Eggs - Invivo Eggs - Incub Eggs - Superimp Adult Males - Temp Eggs - Temp

9/2/1923 0 0 1,355,033 0 0 2,348
9/2/1924 0 0 1,056,855 0 0 0
9/2/1925 0 0 1,950,682 0 0 79,409
9/2/1926 0 0 1,106,916 0 0 0
9/2/1927 0 10,330 24,531,532 11,730,549 0 15,418
9/2/1928 0 0 1,088,249 0 0 5,382
9/2/1929 0 0 2,031,846 0 0 0
9/2/1930 0 0 1,911,293 6,823,917 0 0
9/2/1931 0 0 2,423,160 0 0 0
9/2/1932 0 833,507 2,040,938 0 0 4,098,693
9/2/1933 0 5,759,899 1,970,342 0 0 12,914,989
9/2/1934 0 9,223,435 1,352,424 0 0 15,314,136
9/2/1935 997 107,002,496 412,359 0 1,049 2,489,833
9/2/1936 0 465,140 1,346,325 0 0 2,238,484
9/2/1937 0 0 1,411,430 0 0 62,325
9/2/1938 0 24,792 14,430,067 35,241,260 0 866,978
9/2/1939 0 0 985,591 0 0 0
9/2/1940 0 10,330 17,863,996 0 0 46,557
9/2/1941 0 0 262,347 36,378,504 0 0
9/2/1942 0 0 17,360,576 46,414,652 0 10,827
9/2/1943 0 0 0 0 0 411
9/2/1944 0 0 797,439 0 0 8,996
9/2/1945 0 24,792 2,274,648 0 0 4,484
9/2/1946 0 0 14,095,915 56,955,428 0 912
9/2/1947 0 0 1,049,049 0 0 713
9/2/1948 0 0 2,005,365 0 0 111,411
9/2/1949 0 0 570,040 0 0 10,180
9/2/1950 0 0 1,238,493 0 0 9,413
9/2/1951 0 0 119,277 30,474,540 0 0
9/2/1952 0 0 0 37,216,136 0 0
9/2/1953 0 0 21,590,690 9,133,086 0 4,992
9/2/1954 0 0 0 0 0 0
9/2/1955 0 0 1,040,882 597,228 0 0
9/2/1956 0 0 28,819,320 58,019,184 0 0
9/2/1957 0 0 78,872 0 0 0
9/2/1958 0 0 67,612,536 11,623,483 0 0
9/2/1959 0 0 563,365 0 0 31,326
9/2/1960 0 10,330 877,475 0 0 576
9/2/1961 0 0 1,538,911 597,388 0 576
9/2/1962 0 0 741,756 0 0 4,148
9/2/1963 0 0 319,205 926,476 0 0
9/2/1964 0 0 1,112,077 3,607,332 0 0
9/2/1965 0 0 1,122,948 46,074,136 0 576
9/2/1966 0 0 14,013 4,417,407 0 0
9/2/1967 0 0 146,414 29,454,212 0 240
9/2/1968 0 0 439,479 0 0 0
9/2/1969 0 0 633,180 2,292,619 0 576
9/2/1970 0 0 59,771,072 42,626,112 0 0
9/2/1971 0 0 802,327 43,982,116 0 0
9/2/1972 0 0 0 0 0 0
9/2/1973 0 0 0 8,108,771 0 0
9/2/1974 0 0 32,677,876 58,815,784 0 0
9/2/1975 0 0 2,330,281 0 0 0
9/2/1976 0 0 933,704 0 0 0
9/2/1977 0 243,837 1,058,867 69,738 0 6,333
9/2/1978 0 2,449,293 2,325,997 89,138 0 7,633,388
9/2/1979 0 0 332,244 0 0 0
9/2/1980 0 24,792 30,256,124 0 0 10,947
9/2/1981 0 0 998,726 0 0 4,675
9/2/1982 0 24,792 8,209,638 59,194,672 0 7,525
9/2/1983 0 0 25,176,900 34,376,600 0 0
9/2/1984 0 0 14,828,150 60,802,992 0 6,382
9/2/1985 0 0 925,812 5,467,326 0 15,905
9/2/1986 0 0 51,773,904 0 0 20,597
9/2/1987 0 236,640 741,322 0 0 129,127
9/2/1988 0 24,792 1,737,881 0 0 507,135
9/2/1989 0 101,234 2,579,201 0 0 766,781
9/2/1990 0 0 2,248,733 0 0 2,628
9/2/1991 0 94,549 2,705,580 0 0 11,787
9/2/1992 0 0 2,333,663 0 0 1,601,324
9/2/1993 13 34,647,664 1,653,405 0 13 14,500,190
9/2/1994 0 0 1,476,255 0 0 1,426
9/2/1995 0 268,311 58,006,608 0 0 1,473,796
9/2/1996 0 0 9,392,018 0 0 5,965
9/2/1997 0 0 27,136,764 61,899,224 0 23,598
9/2/1998 0 0 54,679,996 34,775 0 0
9/2/1999 0 0 73,217 12,828,439 0 170,188
9/2/2000 0 0 27,243,040 0 0 0
9/2/2001 0 0 1,080,853 0 0 85,588
9/2/2002 0 435,735 691,105 8,090,376 0 309,418  
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Table 1.  Continued. 
    DATE    Fry - Temp Fry - Habitat Presmolts - Temp Presmolts - Habitat Immature Smolts - Temp Immature Smolts - Habitat

9/2/1923 0 24,738,932 0 677,361 0 41,980
9/2/1924 1,222 25,880,924 79,032 439,578 15,199 94,629
9/2/1925 0 19,315,550 0 103,535 0 6,197
9/2/1926 0 25,340,356 0 586,045 0 50,463
9/2/1927 0 13,002,910 0 129,311 0 4,277
9/2/1928 0 27,163,390 0 295,130 0 15,562
9/2/1929 0 22,693,126 0 116,656 0 8,892
9/2/1930 0 21,761,834 0 373,740 0 21,989
9/2/1931 0 22,674,714 0 892,524 0 85,489
9/2/1932 0 20,543,300 27,561 97,064 17,823 28,910
9/2/1933 25,843 16,362,962 208,862 211,025 40,970 22,578
9/2/1934 0 15,862,240 14,258 806,890 20,189 97,709
9/2/1935 0 1,967,816 0 9,525 0 2,210
9/2/1936 0 24,187,220 0 197,405 0 3,548
9/2/1937 0 23,893,766 0 536,165 0 47,103
9/2/1938 0 9,980,305 0 126,576 0 1,332
9/2/1939 0 23,939,780 0 639,579 0 19,577
9/2/1940 0 22,185,746 0 464,968 0 42,280
9/2/1941 0 11,597,627 0 59,076 0 7,987
9/2/1942 0 6,055,073 0 72,631 0 4,060
9/2/1943 0 28,313,236 0 285,098 0 5,929
9/2/1944 0 27,081,384 0 555,299 0 22,140
9/2/1945 0 25,393,980 0 125,300 0 2,117
9/2/1946 0 4,632,394 0 12,557 0 0
9/2/1947 0 24,306,284 0 256,231 0 5,742
9/2/1948 0 22,249,576 0 397,406 0 7,567
9/2/1949 0 24,818,494 0 141,995 0 1,892
9/2/1950 0 25,238,592 0 156,686 0 521
9/2/1951 0 11,019,869 0 39,763 0 0
9/2/1952 0 7,209,370 0 23,878 0 0
9/2/1953 0 14,379,616 0 183,019 0 2,685
9/2/1954 0 24,419,688 0 197,751 0 145
9/2/1955 0 22,560,040 0 94,968 0 404
9/2/1956 0 3,445,033 0 2,407 0 0
9/2/1957 0 27,526,974 0 153,114 0 1,469
9/2/1958 0 1,711,305 0 5,885 0 562
9/2/1959 0 25,533,198 0 513,082 0 16,091
9/2/1960 0 27,790,126 0 178,595 0 5,011
9/2/1961 0 24,321,764 0 185,244 0 204
9/2/1962 0 23,675,844 0 114,744 0 85
9/2/1963 12,872 28,158,802 55,691 84,314 0 4,257
9/2/1964 0 20,337,984 0 130,324 0 169
9/2/1965 0 5,285,483 0 21,259 0 0
9/2/1966 0 21,635,928 0 95,788 0 0
9/2/1967 0 10,964,281 0 84,035 0 0
9/2/1968 0 25,026,672 0 243,551 0 3,036
9/2/1969 0 20,618,536 0 41,584 0 0
9/2/1970 0 1,033,827 0 992 0 166
9/2/1971 0 6,559,323 0 32,111 0 0
9/2/1972 0 25,443,832 0 68,489 0 22
9/2/1973 0 18,457,044 0 62,161 0 0
9/2/1974 0 4,563,986 0 1,046 0 0
9/2/1975 0 23,868,630 0 125,839 0 963
9/2/1976 0 25,301,760 0 132,673 0 1,254
9/2/1977 0 27,611,638 87,985 151,325 59,554 26,634
9/2/1978 0 16,693,909 0 70,893 0 0
9/2/1979 0 26,350,838 0 248,694 0 11,056
9/2/1980 0 15,395,437 0 92,845 0 1,068
9/2/1981 0 27,658,232 0 205,108 0 3,345
9/2/1982 12,284 4,811,467 25,548 12,358 0 0
9/2/1983 0 8,626,050 0 24,298 0 173
9/2/1984 0 3,903,415 0 21,613 0 60
9/2/1985 0 20,720,376 0 126,952 0 1,477
9/2/1986 0 7,596,313 0 151,531 0 31,377
9/2/1987 0 25,394,978 0 436,705 0 8,174
9/2/1988 0 22,489,604 2,379 150,043 287 4,147
9/2/1989 0 21,465,036 0 241,955 0 1,010
9/2/1990 0 24,333,820 2,255 173,615 1,361 3,225
9/2/1991 0 23,704,040 2,438 367,015 2,624 14,875
9/2/1992 0 22,073,462 3,343 771,156 2,075 44,116
9/2/1993 0 8,588,623 0 37,159 0 0
9/2/1994 0 26,143,564 0 305,511 0 14,864
9/2/1995 0 8,710,445 5,833 18,668 3,466 421
9/2/1996 0 22,979,406 0 143,784 0 14,082
9/2/1997 0 3,503,024 0 8,232 0 428
9/2/1998 0 9,474,753 0 31,695 0 0
9/2/1999 0 19,128,736 0 115,441 0 800
9/2/2000 0 19,552,304 6,792 398,382 10,184 76,633
9/2/2001 0 26,504,828 843 914,254 1,021 34,438
9/2/2002 0 19,872,484 2,279 659,527 1,042 36,331  
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Figure 3.  Juvenile late fall-run Chinook salmon production emigrating past Red Bluff during each year of 
the Calsim modeling period by OCAP operational scenario.   
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Figure 4.  Reduction in upper Sacramento River juvenile late fall-run Chinook salmon production during 
each year of the Calsim modeling period relative to the maximum production year.   
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Feather, American, and Stanislaus Rivers 
 
The Reclamation salmon mortality model was used to estimate the change in survival from the 
Feather, American, and Stanislaus Rivers from changes in early lifestage survival due to water 
temperature (table 2).  Consistent with the Upper Sacramento River, the best survival year was 
used as a comparison point for what could be attained with no Project operations, but water 
operations targeted to salmonid production.  These mortality model results are the same results 
summarized and included in figures in the essential fish habitat section of the BA.  Additional 
mortality factors such as fish stranding, redd dewatering, and predation were not included.  
These additional mortality factors are described in the BO for steelhead, spring-run and winter-
run.  Stranding occurs in the American River following flow release pulses made to meet Delta 
water quality standards and following flood control releases (not project effects).  Stranding in 
the Stanislaus River is a less common occurrence and of lower significance.  The extent of 
population effects of stranding and redd dewatering has not been quantified.  Project related 
predation in these rivers is related to water temperatures favoring predator populations and is 
similar to that described for the other runs.   
 
Table 2.  Percent difference in Chinook survival from the Reclamation egg mortality model (Feather, 
American, and Stanislaus Rivers) and Salmod model (Sacramento River) compared to the highest 
production/survival year in each river under the OCAP studies.   
River Model Study 7.0 Study 7.1 Study 8.0 Study 6.0
Sacramento River Fall Salmod -19.9 -21.8 -20.4
Sacramento River Late Fall Salmod -10.5 -11.4 -10.4 -10.0
Feather River Egg Mortality -2.0 -2.0 -2.0 -2.1
American River Egg Mortality -8.8 -8.8 -10.4 -9.0
Stanislaus River Egg Mortality -6.4 -6.7 -6.2 -6.2  
 
Average annual fall-run and late fall-run Chinook salmon production from the Central Valley 
over the last 20 years (1988 – 2007) has been 852,413 as estimated by the CVPIA Anadromous 
Fish Restoration Program (USFWS 2008).  Production is defined as the total number of adults in 
the ocean and is calculated by adding commercial harvest, recreational harvest, in-river 
escapement estimates, and hatchery returns.  This production number includes a combination of 
natural- and hatchery-produced fish.  The adult production attributed to each river in this analysis 
is shown in Table 3.  The proportion of production from each river (last column) is the 
proportion of the total Central Valley fall and late fall-run escapement returning to that river 
averaged over the last 20 years (1988 – 2007).   
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Table 3.  The 20-year average adult fall and late fall-run Chinook salmon production from the Central 
Valley, present in the ocean, and available to Southern Residents and the proportion of the production 
originating from each river. 

River

20 year average 
Adult Production 
1988-2007

Proportion of 
Central Valley 
Production

Sacramento River Fall 159,753 0.19
Sacramento River Late Fall 30,290 0.04
Feather River 181,436 0.21
American River 194,757 0.23
Stanislaus River 7,836 0.01
Total Central Valley adult fall and late fall-run Chinook pr 852,413 1.00  
 
Change in Survival from Central Valley 
A summary of the change in salmon survival due to the Project is shown in table 4.  The 
maximum and minimum values refer to the scenario with the maximum (least decrease in 
survival) and minimum (greatest decrease in survival) number of resulting fish.  The Delta 
mortality is based on a number of survival experiments analyzed by Ken Newman and then 
extrapolated into Project-related mortality for each OCAP scenario.  The Delta mortality 
estimates are based on Sacramento River origin fish.  San Joaquin River Project-related mortality 
is different and was not quantified.  The same mortality factors were applied to fish from both 
basins.  Less than three percent of production originates from the San Joaquin River tributaries, 
so the effect of different mortality factors on total production is small.  See the Delta effects 
section of the BO for a description of Project-related mortality factors in the Delta  
 
Table 4.  Summary of proportional change in fall-run and late fall-run Chinook salmon survival attributed to 
Project effects by area. 

Method of Calc Study 7.0 Max Min Study 7.1 Max Min Study 8.0 Max Min
Sacramento River Fall Salmod -0.199 -0.021 -0.901 -0.218 0.000 -0.901 -0.204 -0.002 -0.901
Sacramento River Late Fall Salmod -0.105 -0.007 -0.684 -0.114 0.000 -0.648 -0.104 -0.004 -0.651
Feather River Egg Mortality -0.02 -0.003 -0.167 -0.020 -0.003 -0.203 -0.020 -0.002 -0.164
American River Egg Mortality -0.088 -0.007 -0.341 -0.088 -0.007 -0.341 -0.104 -0.008 -0.328
Stanislaus River Egg Mortality -0.064 -0.0005 -0.169 -0.067 0.000 -0.242 -0.062 0.000 -0.196

Delta
Newman 
based model -0.0344 -0.003 -0.1189 -0.0396 -0.0044 -0.1514 -0.0395 -0.0041 -0.147  

 
The total change in survival of fish was scaled by the proportion of Central Valley production 
originating from the respective river (change in survival from table 4 multiplied by proportion of 
Central Valley production affected in the specific watershed from table 3).  The changes in 
survival proportions for the project rivers were summed to give an overall upstream survival 
change (table 5).  All juveniles from the upstream rivers pass through the Delta.  Overall 
upstream survival was multiplied by Delta survival to give the total survival from the Central 
Valley as affected by project operations.  The total change in survival of Central Valley fall and 
late fall-run in freshwater is a 9.8 percent (range 0.9 percent to 39 percent) decrease in survival 
under study 7.0, a 10.7 percent (range 0.7 percent to 41.9 percent) reduction under study 7.1, and 
a 10.7 percent (range 0.7 percent to 40.6 percent) reduction under study 8.0 (table 5).  Note that 
the table 5 survival values are survival relative to no project operations.  No project operations is 
represented by a base survival of 1.0 with only background mortality occurring.  Background 
mortality refers to that which occurs with or without the project. 
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Table 5.  Total change in survival of naturally produced Central Valley fall and late fall-run Chinook salmon.  
Change in survival from individual rivers is expressed as the proportion of the change in total Central Valley 
survival that the change in the respective river represents. 

Study 7.0 Study 7.1 Study 8.0
Method of Calc Mean Max fish left Min fish left Mean Max fish lMin fish Mean Max fish leMin fish l

Sacramento River Fall Salmod -0.037 -0.004 -0.169 -0.041 0.000 -0.169 -0.038 0.000 -0.169
Sacramento River Late Fall Salmod -0.004 0.000 -0.024 -0.004 0.000 -0.023 -0.004 0.000 -0.023
Feather River Egg Mortality -0.004 -0.001 -0.036 -0.004 -0.001 -0.043 -0.004 0.000 -0.035
American River Egg Mortality -0.020 -0.002 -0.078 -0.020 -0.002 -0.078 -0.024 -0.002 -0.075
Stanislaus River Egg Mortality -0.001 0.000 -0.002 -0.001 0.000 -0.002 -0.001 0.000 -0.002
Upstream Survival Change -0.066 -0.006 -0.308 -0.070 -0.002 -0.315 -0.071 -0.003 -0.304
Upstream Survival 0.934 0.994 0.692 0.930 0.998 0.685 0.929 0.997 0.696

Delta Survival Change
Newman based 
model -0.034 -0.003 -0.119 -0.040 -0.004 -0.151 -0.040 -0.004 -0.147

Delta Survival 0.966 0.997 0.881 0.960 0.996 0.849 0.961 0.996 0.853

Survival from Central Valley 0.902 0.991 0.610 0.893 0.993 0.581 0.893 0.993 0.594
      (not including background mortality)
Change in Survival due to project -0.098 -0.009 -0.390 -0.107 -0.007 -0.419 -0.107 -0.007 -0.406  
 
The change in survival in each river in table 5 is expressed as the proportion of the total Central 
Valley population that the survival of the population in the individual river represents.  The 
scaling of survival to the total population enables the upstream survivals to be summed across 
rivers for a total upstream survival change due to the project.  This was converted to upstream 
survival (survival = 1 – mortality).  All salmon from the upstream rivers pass through the Delta 
so the Delta survival from the Delta effects analysis in the BO was multiplied by the survival of 
the upstream population (Upstream survival X Delta survival = Survival from the Central 
Valley).  Multiplying the upstream survival by Delta survival accounts for the individuals lost 
due to the project before reaching the Delta where additional project related mortality occurs.  
This survival is the relative survival of fish experiencing the effects of the project compared to a 
survival value of 1.0 representing what would occur without the project.  Background mortality 
from a variety of non-project related factors for salmon is high and occurs with or without the 
project.  This approach assumes no density dependence.  For example, when fewer eggs survive 
to fry there are more resources for the remaining fry so they should survive better, particularly 
when abundance is high.  The Salmod model takes density dependence into account for fall-run 
and late fall-run in the Sacramento River down to Red Bluff, but the egg mortality model and 
delta survival make no adjustments for density dependence.  These models are the best available 
tools we have to evaluate project operations in conjunction with the Calsim.  Because density 
dependence is overlooked in the rivers (other than the Sacramento) and in the Delta the estimates 
of survival are lower than what would occur with compensatory mortality, where it occurs, 
accounted for.  Thus the analysis assumes worst case scenario regarding density dependence. 
 
The scaling to proportion of the production originating from the Sacramento River (19 percent 
originates from the Sacramento River) results in an overall change in Central Valley fall and late 
fall-run production of -3.7 percent due to the effect of Project operations on fall-run in the 
Sacramento River under Study 7.0.  All Chinook salmon pass through the Delta, so no scaling 
was needed for Delta mortality.  All fish inhabit the Delta during their migrations, while effects 
in individual rivers are confined to the proportion of the population inhabiting the respective 
river. 
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Effects of Operations on Hatchery and Naturally Produced Smolt Production 
 
The number of hatchery produced Chinook exiting freshwater is affected by in-river survival of 
the hatchery produced fish released in the rivers upstream of the delta.  Those released in the Bay 
do not experience the in-river survival reduction.  We estimated the in-river survival of the 
hatchery fish and applied this survival to the in-river released hatchery fish to determine the 
number of fish reaching the Bay (Table 6).  Out of a total hatchery release of 34,660,000 (sum of 
Central Valley Chinook salmon hatchery yearly production goals) about 14,000,000 are released 
in-river.  The in-river releases occur primarily from Coleman, Merced, and Livingston Stone 
hatcheries.  The vast majority come from Coleman Hatchery.  Coleman trucked a proportion of 
their production to the Bay in 2008 and may do the same in 2009 but the future Coleman releases 
are expected to be primarily in-river.  The survival of Coleman fish to the Delta was estimated 
for 1994 – 2001 using coded wire tags and was 0.53 (Bruce Oppenheim, personal 
communication).  Survival of winter-run released at Caldwell Park was estimated to be 0.547.  
Chinook are released as smolts and emigrate quickly downriver at release.  The mortality that 
occurs to these fish as they emigrate to the Delta is assumed to be the same with or without 
project operations (RBDD gates are up at release).  Delta mortality varies with project operations 
as shown in the Delta survival rates in table 6.  These survivals are from the model used in the 
Delta effects analysis in the BO.  The freshwater survival (product of in-river and Delta survival) 
was multiplied by the in-river release number to yield the number in-river released fish reaching 
the Bay.  This was added with the number released in the Bay to yield the total number of 
hatchery fish in the Bay (24.6 – 27.7 million).  Nimbus Hatchery releases four million Chinook 
downstream of Carquinez Strait each year.  The last row of table 6 shows the proportion of 
Nimbus Hatchery origin fish compared to total hatchery fish in the bay by scenario. 
 
Table 6.   Total number of hatchery produced smolts reaching the Bay after correcting for the survival of in-
river released fish from the point of release to the Bay.   

No ProjecStudy 7.0 Study 7.1 Study 8.0
Mean Max fish lefMin fish leftMean Max fish left Min fish leftMean Max fish leftMin fish left

Survival to Delta 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53
Delta Survival 0.9165 0.882 0.964 0.609 0.869 0.963 0.533 0.869 0.963 0.546
Freshwater Survival 0.49 0.47 0.51 0.32 0.46 0.51 0.28 0.46 0.51 0.29
In-river released 
surviving to Bay 6,878,149 6,619,984 7,233,877 4,571,174 6,522,422 7,223,370 4,002,310 6,523,172 7,225,621 4,093,868
Hatchery Bay 
release 20,500,000 20,500,000 20,500,000 20,500,000 20,500,000 20,500,000 20,500,000 20,500,000 20,500,000 20,500,000

Hatchery total in Bay 27,378,149 27,119,984 27,733,877 25,071,174 27,022,422 27,723,370 24,502,310 27,023,172 27,725,621 24,593,868
Nimbus Proportion 15% 15% 14% 16% 15% 14% 16% 15% 14% 16%  
 
Table 7 shows the number of smolts in the Bay under each scenario broken down by naturally 
produced and hatchery produced smolts.  Analysis of Chinook salmon otoliths in 1999 and 2002 
found that the contribution of hatchery-produced fish made up approximately 90 percent of the 
ocean fishery off the central California coast from Bodega Bay to Monterey Bay.  Natural 
contribution was 10 percent ± 6 percent (Barnett-Johnson et al. 2007).  The number of naturally 
produced smolts was estimated by assuming 10 percent of the smolts were naturally produced 
and 90 percent were hatchery produced based on the Barnett-Johnson et al. (2007).  The known 
hatchery production was divided by 0.9 under Study 7.0 in the average scenario.  Number of 
smolts under no project operations was then calculated from the survival of natural fish in Study 
7.0 and the hatchery release numbers from table 6.  The number of smolts in all other scenarios 
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in table 6 was calculated using the in-river survival of naturally produced and hatchery fish 
applied to the smolt numbers shown in the no project operations scenario of table 7. 
 
A smolt to adult survival rate was calculated using the total hatchery and natural smolt numbers 
compared to the 20-year average adult production of 852,413 (1998 – 2007 average), assumed to 
occur under Study 7.0 in average conditions.  This smolt-to-adult survival rate was 2.8%. 
 
Table 7.  Total number of smolts in the Bay under each scenario.  Freshwater survival of naturally produced 
fish relative to no project operations, survival of hatchery fish, and smolt to adult survival are also shown. 

No Project Study 7.0 Study 7.1 Study 8.0
Mean Max fish Min fish Mean Max fish Min fish Mean Max fish Min fish

Hatchery 
smolts 27,378,149 27,119,984 27,733,877 25,071,174 27,022,422 27,723,370 24,502,310 27,023,172 27,725,621 24,593,868
Natural smolts 3,341,122 3,013,332 3,309,690 2,036,639 2,984,563 3,318,971 1,941,515 2,982,850 3,318,205 1,984,606
Total smolts 30,719,271 30,133,316 31,043,567 27,107,813 30,006,985 31,042,341 26,443,825 30,006,023 31,043,826 26,578,474
Survival of 
natural fish 0.902 0.991 0.610 0.893 0.993 0.581 0.893 0.993 0.594
Survival in-
river hatchery 0.49 0.47 0.51 0.32 0.46 0.51 0.28 0.46 0.51 0.29
Smolt to adult 
survival 2.83% 2.83% 2.83% 2.83% 2.83% 2.83% 2.83% 2.83% 2.83% 2.83%  
 
 
Adult Chinook Production 
The production of adults in the ocean was estimated for each scenario by applying the smolt-to-
adult survival rate to the number of smolts from table 7 (table 8).  An assumption was that the 
smolt-to-adult survival rate is the same for hatchery and natural fish present in the Bay.  If 
naturally produced fish survive at a higher rate in the ocean than hatchery fish then the number 
of naturally produced smolts would be lower than shown in table 7.  Table 8 also shows the 
percent change in number of adults in comparison with no project operations.  The percent 
change in the number of adults is the same as the percent change in number of smolts in the Bay.  
The no project operations scenario is an average so in some years (maximum fish scenarios 
under each study in table 8) the fish production with project operations can be higher than what 
would occur on average without project operations.   The proportion of total production 
originating from Nimbus Hatchery was calculated by dividing the yearly Nimbus production 
(4,000,000) by the total number of hatchery fish in the Bay as shown in table 7.  The Nimbus 
Hatchery proportion of total adults varies by scenario and ranges from 13% to 15.1%.   The 
effect of operations on average numbers of naturally produced fall and late fall-run Chinook in 
comparison with no project operations ranges from a 9.8% to 10.7% reduction and the maximum 
and minimum changes range from reductions of 0.7% to 41.9%. 
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Table 8.  Number of adult Central Valley fall and late fall-run Chinook estimated to occur in the ocean under 
each scenario.  The “% difference in total adults” row shows percent difference in annual fish production 
compared to no project operations and the ”% difference in naturally produced” row shows the percent 
difference in naturally produced fish compared to no project operations. 
Adult Fish in Ocean

No Project Study 7.0 Study 7.1 Study 8.0
Mean Max fish Min fish Mean Max fish Min fish Mean Max fish Min fish

Hatchery 774,475 767,172 784,538 709,215 764,412 784,240 693,123 764,433 784,304 695,713
Natural 94,514 85,241 93,625 57,613 84,427 93,887 54,922 84,379 93,866 56,141
Total 868,989 852,413 878,162 766,827 848,839 878,128 748,044 848,812 878,170 751,853
% difference 
in total 
adults -1.9% 1.1% -11.8% -2.3% 1.1% -13.9% -2.3% 1.1% -13.5%
Nimbus 
Hatchery 
proportion of 
total 13.0% 13.3% 12.9% 14.8% 13.3% 12.9% 15.1% 13.3% 12.9% 15.0%
% difference 
in naturally 
produced -9.8% -0.9% -39.0% -10.7% -0.7% -41.9% -10.7% -0.7% -40.6%  
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Climate Change 
 
The effect of water operations on salmon production under the climate change scenarios was 
assessed in the same general way as described in the previous sections.  Results of the climate 
change effects analysis should not be compared directly to the results in the previous analysis 
because the reference condition was different for the climate change scenarios.  Unlike the non-
climate change analysis, the background hydrology is different between the climate change 
scenarios so project related versus non-project related effects are more problematic to separate 
out.  Effects in the rivers were assessed using the Reclamation egg mortality model for all rivers.  
Salmod was not run for all Sacramento River climate change scenarios.  We applied the Salmod 
model to the Sacramento River for the dryer more warming scenario, Study 9.5, to estimate a 
maximum climate change effect scenario.  The maximum fish production year in Study 9.5 was 
used as the reference condition for no project operations and all other years were compared to 
that year.  The maximum survival year in Study 9.5 under the egg mortality model runs for each 
river was used as the no project reference condition in the egg mortality runs.  Results of Study 
9.5 effects on Chinook production are presented in the figures and tables below as an estimate of 
worst case scenario under the climate change analysis (Figures 5 and 6 and Tables 9 – 13).   
 
This analysis assumes the distribution of fish production between watersheds would remain the 
same under the climate change scenarios as under current conditions.  The change in hydrology 
in the climate change scenarios would change conditions for fish in all tributary watersheds, not 
just those affected by the project.  Therefore the proportion of fish production between different 
watersheds would likely change.   
 
Delta survival was not estimated for the climate change scenarios so the survival relationship 
under the worst case regular scenario (Study 7.1) was applied to all climate change scenarios.  
Therefore differences displayed between the climate change scenarios are due to differences in 
upstream conditions.  
 
Numbers of naturally produced fish decrease in the dryer more warming scenario, Study 9.5, by 
an average of 16.7% (range 4.4% to 51.7% reduction).  The change in total fish numbers was 
estimated to be an average reduction of 3% (range 0.6% to 14.9%) but the total fish numbers are 
fairly uncertain due to the number of ecosystem changes that may occur under climate change 
scenarios. 
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Fall-run Chinook Juvenile Emigrants Past Red Bluff Under Drier More Warming 
Scenario, Study 9.5
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Figure 5.  Fall-run Chinook juvenile production at Red Bluff under the dryer more warming scenario, Study 
9.5, from an adult escapement of 59,653.  
 

Fall-run Percent Reduction Compared to Maximum Production Under Drier More 
Warming Scenario, Study 9.5

-100.0%

-90.0%

-80.0%

-70.0%

-60.0%

-50.0%

-40.0%

-30.0%

-20.0%

-10.0%

0.0%

19
23

19
27

19
31

19
35

19
39

19
43

19
47

19
51

19
55

19
59

19
63

19
67

19
71

19
75

19
79

19
83

19
87

19
91

19
95

19
99

P
er

ce
n

t 
re

d
u

ct
io

n

 
Figure 6.  Reduction in upper Sacramento River juvenile fall-run Chinook production during each year of 
the Calsim modeling relative to the maximum production year under the dryer more warming scenario, 
Study 9.5.   
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Table 9.  Summary of change in fall-run and late fall-run Chinook salmon survival attributed to Project 
effects by area under the dryer more warming climate change scenario. 
Summary of Change in slamon production compare Study 9.5 Drier, More Warming

Method of Calc 9.5 Max Min
Sacramento River Fall Salmod -0.315 -0.106 -0.921
Sacramento River Late Fall Salmod -0.167 -0.007 -0.769
Feather River Egg Mortality -0.071 -0.006 -0.341
American River Egg Mortality -0.224 -0.082 -0.676
Stanislaus River Egg Mortality -0.143 -0.015 -0.388

Delta (used worst case, 
Study 7.1)

Newman based 
model -0.040 -0.004 -0.151  

 
 
Table 10.  Total change in survival of naturally produced Central Valley fall and late fall-run Chinook 
salmon under the dryer more warming climate change scenario.  Change in survival from individual rivers is 
expressed as the proportion of the change in total Central Valley survival that the change in the respective 
river represents. 

Study 9.5 Drier, More Warming
Method of Calc Mean Max Min

Sacramento River Fall Salmod -0.059 -0.020 -0.173
Sacramento River Late Fall Salmod -0.006 0.000 -0.027
Feather River Egg Mortality -0.015 -0.001 -0.073
American River Egg Mortality -0.051 -0.019 -0.154
Stanislaus River Egg Mortality -0.001 0.000 -0.004
Upstream Survival Change -0.133 -0.040 -0.431
Upstream Survival 0.867 0.960 0.569

Delta Survival Change
Newman based 
model -0.040 -0.004 -0.151

Delta Survival 0.960 0.996 0.849

Survival from Central Valley 0.833 0.956 0.483
      (not including background mortality)
Change in Survival due to project -0.167 -0.044 -0.517  
 

 15



Table 11.   Total number of hatchery produced smolts reaching the Bay after correcting for the survival of in-
river released fish from the point of release to the Bay. 

No Project Study 9.5 dryer warmer
Mean Max Min

Survival to Delta 0.53 0.53 0.53 0.53
Delta Survival (7.1) 0.9165 0.869 0.963 0.533
Freshwater Survival 0.49 0.46 0.51 0.28
In-river released 
surviving to Bay 6,878,149 6,522,422 7,223,370 4,002,310
Hatchery Bay 
release 20,500,000 20,500,000 20,500,000 20,500,000

Hatchery total in Bay 27,378,149 27,022,422 27,723,370 24,502,310
Nimbus Proportion 15% 15% 14% 16%  
 
 
Table 12.  Total number of smolts in the Bay under the dryer more warming climate change scenario..  
Freshwater survival of naturally produced fish relative to no project operations, survival of hatchery fish, 
and smolt to adult survival are also shown. 
Smolt Production

Study 9.5 Drier, More Warming
Mean Max Min

Hatchery smolts 27,022,422 27,723,370 24,502,310
Natural smolts 2,745,636 3,149,288 1,592,752
Total smolts 29,768,058 30,872,658 26,095,062
Survival of natural 
fish 0.833 0.956 0.483
Survival in-river 
hatchery fish 0.46 0.51 0.28
Smolt to adult 
survival 2.84% 2.84% 2.84%  
 
 
Table 13.  Number of adult Central Valley fall and late fall-run Chinook estimated to occur in the ocean 
under the dryer more warming climate change scenario.  The “% difference in total adults” row shows 
percent difference in annual fish production compared to no project operations and the ”% difference in 
naturally produced” row shows the percent difference in naturally produced fish compared to no project 
operations. 

Study 9.5 Drier, More Warming
Mean Max Min

Hatchery 767,172 787,072 695,625
Natural 77,949 89,409 45,219
Total 845,121 876,481 740,844
% difference in 
total adults -3.0% 0.6% -14.9%
Nimbus Hatchery 
proportion of total 13.4% 13.0% 15.3%

% difference in 
naturally produced -16.7% -4.4% -51.7%  
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Areas Not Included in this Analysis 
 
Clear Creek 
Clear Creek production changes were not included because no spawning distribution information 
was available to run the mortality model in Clear Creek.  Clear Creek contributes about 1.6 
percent of the Central Valley production.  Changes in Clear Creek will not substantially affect 
the overall estimated change in prey availability. 
 
Trinity River 
CVP water operations in the Trinity River affect coho salmon and Chinook salmon populations 
in the Klamath/Trinity River watershed.  The implementation of the Trinity River Record of 
Decision has provided increased flows down the Trinity River and stream habitat improvement 
projects.  These actions should positively affect salmonid production from the Klamath/Trinity 
River watershed as described in the OCAP Biological Assessment and Trinity River Restoration 
Program EIS.  Therefore no adverse effect on Chinook salmon in the ocean originating from the 
Trinity River will occur from the project.  Reclamation funds the Trinity River Hatchery as 
mitigation for Trinity Dam.  Trinity River Hatchery produces 3,000,000 Chinook salmon smolts 
(1,000,000 spring-run, 2,000,000 fall-run) and 1,300,000 Chinook salmon yearlings (400,000 
spring-run, 900,000 fall-run) and releases them all at the hatchery.  This production is expected 
to remain the same for the foreseeable future.  Figure 7 shows the natural and hatchery 
components of the Chinook salmon escapement.  The average hatchery proportion from 1991 – 
2006 has been 57% and the average Chinook escapement over this period has been 52,933. 
 

Trinity River Chinook Escapement, Natural and Hatchery Components
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Figure 7.  Trinity River Chinook salmon escapement upstream of the Willow Creek weir (fall-run) and 
Junction City weir (spring-run).  Spring-run and fall-run are combined. 
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Technical memorandum regarding the San Joaquin River "4:lFlow 
to Export ratio" Reasonable and Prudcnt Alternative (RPA) for the 
formal section 7 consultation regarding the Long-Term Operations 
of the Central Valley Project and State Water Project 

Purpose of Reasonable and Prudent Alternative: 

The purpose of this reasonable and prudent alternative (RPA) is to provide flows in the lower 
San Joaquin River, as measured at the Vernalis monitoring gage, of sufficient duration and 
magnitude to increase the survival of emigrating Central Valley steelhead (Oncorh~~nchus 
mv1;iss) originating in the east side tributaries of the San Joaquin River basin through the lower 
San Joaqi~in River and into the delta in such a manner as to avoid jeopardy to this component of 
the Central Valley SteeIhoad distinct Population Segment IDPS). The effects analysis of the 
proposed operations on the Southern Sierra Diversity group of Central Valley steelhead 
contained in the biological opinion describes the effects of flow on the behavior and biology of 
steelhead in the San Joaquin basin. This document focuses on the relationship of flow to fish 
outmigration survival and adult returns, as well as the process used in the developmcnt of the 
RPA. 

Backpround: 

The 2008 Biological Assessment (BA) for the Long Term Operations of the Central Valley 
Project and State Water Project hereafter referred to as the Operations and Criteria Plan (OCAP) 
had as a part of its pro-ject description. a commitment to carry on actions that were similar to the 
actions carried oul under the Vernalis Adaptive Management Plan (VAMP) experiments. The 
VAMP experiments were an integral part of the San Joaquin River Agreement (SJRA) 
commitment to implement the State Water Resources Control Board (SWRCB) 1995 Water 
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Quality Control Plan (WQCP).  VAMP, officially initiated in 2000 as part of SWRCB Decision 
1641 (D-1641), is a large scale, long term (12 year) experiment/management program designed 
to protect juvenile Chinook salmon migrating from the San Joaquin River through the 
Sacramento-San Joaquin Delta.  VAMP is also a scientific experiment designed to test 
hypotheses concerning the effects of river flow and exports on juvenile salmon survival rates in 
the San Joaquin River and Delta in response to the presence of the Head of Old River Barrier 
(HORB).  The funding of VAMP, through Reclamation and DWR is set to expire in December 
2009.  The SJRA is set to expire in 2012.  The BA is however, vague in the details of the 
"VAMP-like" actions to be taken after the conclusion of the current VAMP agreement.  The 
project description in the BA did not describe which actions would continue and to what level 
any actions that did continue would be implemented.  This lack of clarity in the project 
description was of great concern to NMFS.  Ongoing consultations with Reclamation and DWR 
following issuance of the BA failed to develop these post-VAMP actions beyond general 
concepts.  Reclamation and DWR indicated during these meetings that "VAMP-like" flows 
would be met at Vernalis (current point of flow compliance), but specificity as to the magnitude, 
points of origin, and duration of flows were not elaborated on.  For the purposes of the Central 
Valley Project (CVP) and State Water Project (SWP) operations forecasts, the VAMP target 
flows are simply assumed to exist at the confluence of the Stanislaus and San Joaquin Rivers.  
The BA indicated that flow increases to achieve the VAMP-like targets could be provided using 
Central Valley Project Improvement Act (CVPIA) authorities under sections 3406 (b)(1), (b)(2), 
and (b)(3). 
 
In addition to flows, the VAMP experiment included export reductions during the 31-day 
experimental period.  Export rates are to be limited to 1,500 cubic feet per second (cfs) for 
VAMP target flows of 2,000 cfs, 3,200 cfs, 4450 cfs, or 7,000 cfs.  At target flows of 5,700 cfs, 
an export rate of 2,250 cfs is allowed.  An additional export rate of 3,000 cfs can also be 
implemented at the target flow of 7,000 cfs.  Pumping reductions for the CVP which cannot be 
recovered through reoperations of the project are considered to be WQCP expenses covered by 
(b)(2) assets.  Pumping reductions for the SWP are limited to the amount that can be recovered 
through operations adjustments and exports of up to 48 thousand acre feet (taf) of transferred 
water made available through the Yuba Accord.  The Yuba Accord provides up to 60 taf 
annually for Environmental Water Account (EWA) purposes from the lower Yuba River, and 
may increase this amount in drier years.  It is anticipated that of the 60 taf transferred from the 
Yuba River, 48 taf will be available for export in the Delta.  DWR has indicated that export 
curtailments will be limited to the 48 taf of Yuba Accord water during the "VAMP-like" actions.  
Exports will increase once this supply of water is exhausted. 
 
Currently, supplemental volumes of water needed to reach the annual target flow are released on 
each of the three east side tributaries, i.e. the Stanislaus River, the Tuolumne River, and the 
Merced River, in a coordinated fashion to provide pulse flows down each river channel while 
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maintaining the target flow at the Vernalis gage.  These pulse flows are believed to stimulate 
outmigration of fall-run Chinook salmon (the target species for the VAMP experiments) 
downstream towards the Delta.  However, it also is acknowledged that other species of fish, 
including the CV steelhead, benefit from these pulses (see San Joaquin River Group Authority 
2006, 2007).  NMFS finds that these pulse flows are critical cues for the listed steelhead in these 
tributaries to initiate their downstream emigration to the ocean.  As described in the effects 
analysis of the biological opinion, loss of the flow stimulus to initiate emigration downstream to 
the ocean will have behavioral and physical effects on fish remaining instream.  These effects 
include competition with conspecifics as well as with fall-run Chinook salmon residing in the 
same stream reaches, increased fish density within the stream reaches used by over summering 
steelhead, and reductions in the quality and quantity of identified critical habitat in the basin (i.e., 
rearing and migratory corridor habitat) used by the steelhead.   
 
Reclamation and DWR did not provide further resolution of their future operations other than to 
provide VAMP-like flows at Vernalis.  The lack of specificity concerning future flows on the 
Tuolumne and Merced Rivers is concerning.  NMFS has considerable interest in how the flows 
in the two other tributaries, besides the Stanislaus River, will be affected by the future CVP/SWP 
operations.  As mentioned above, the Tuolumne River and Merced River release a portion of the 
total supplemental water required to meet the targeted flows required under the VAMP 
experiment each year.  These flows are integral to stimulating outmigration of both the 
threatened CV steelhead, and fall-run, a species of concern under the Endangered Species Act, 
from the Tuolumne River and Merced River.  Furthermore, decreases in the pulse flows on these 
two rivers would be an adverse modification of critical habitat designated for CV steelhead.   
Flow related decreases would affect rearing area suitability and create physical and flow related 
obstructions in the migration corridors from the rearing areas below the dams, downstream to 
Vernalis on the San Joaquin River where the Stanislaus River enters.   
 
The lack of specificity in the project description as to future project actions to safeguard the 
ability of Central Valley steelhead to persist in the San Joaquin River basin and the apparent 
abandonment of the purchase of water on the Tuolumne and Merced Rivers at current levels (as 
required in the SJRA) places the remaining population in the basin at a greater risk of extirpation 
in the future.  As proposed, the project reduces the likelihood that San Joaquin River basin 
steelhead will have the same level of protection as currently seen and in fact may lose ground on 
the Tuolumne and Merced Rivers. 
 
In light of this risk, NMFS evaluated potential alternative actions to enhance the conditions in the 
San Joaquin River basin.  While alternative actions were primarily focused on the lower valley 
floor reach of the San Joaquin River from its confluences with the east side tributaries through 
the Delta, NMFS anticipates that actions that increase flows in the lower river reaches (i.e., at the 
Vernalis compliance point) will create beneficial conditions in upstream reaches of the tributaries 

 



 4

from the first dam downstream to the confluence with the San Joaquin River that will benefit 
steelhead (as well as fall-run Chinook salmon).  The following discussion explains NMFS' 
reasoning in selecting the conditions for the San Joaquin River 4:1 flow to export RPA. 
 
As part of the foundation for developing an RPA for the lower San Joaquin River and Delta, 
NMFS first reviewed reports and studies concerning the status of anadromous fish and salmonids 
in the San Joaquin River basin.  Although not an exhaustive review of all literature available, the 
reports and papers spanned several decades.  Skinner (1958) reported that Central Valley 
populations of Chinook salmon exhibited wide fluctuations in abundance from 1870 onward by 
examining landings of Chinook salmon in California.  The overall trend in abundance was 
negative, but every thirty years or so, particularly large landings occurred.  Skinner opined that 
the declines in the Chinook salmon fisheries appear to be chronologically associated with water 
development projects in California, and the increase in the ocean troll fishery.  Skinner describes 
the effects of the construction of Friant Dam on the upper San Joaquin River on the former 
spring-run Chinook salmon population in that watershed.  "Friant Dam on the San Joaquin River 
has had multiple effects on the spring fishery.  In the first place the dam has cut off a third or 
more of the spawning area.  Secondly, flows below the dam were inadequate during normal 
migration periods to assure passage of the fish either up or down the river.  Only enough water is 
permitted to flow down the river to fulfill irrigation commitments.  The released water flows to 
the delta Mendota Pool and a small amount reaches the "Sack Dam" at Temple Slough where it 
is diverted for agricultural purposes.  Below this point, the river goes dry except for small 
amounts of water received from its downstream tributaries.  Because of these conditions, salmon 
obviously cannot ascend to the spawning area in the vicinity of Friant Dam."  Skinner also makes 
the observation that with the extirpation of the San Joaquin River spring run population that the 
commercial catches of spring run Chinook salmon plummeted from 2,290,000 pounds in the 
1946 season to 14,900 pounds in 1953.  Functional extirpation of the San Joaquin River spring 
run Chinook salmon population occurred following the completion of the Madera Canal in 1944, 
and the completion of the Friant-Kern canal in 1949, allowing full use of the distributional 
system under the Bureau of Reclamation's operational plan.  Skinner concluded that the last 
successful spawn of spring run Chinook salmon in the San Joaquin River has not occurred "since 
the spring of 1946."   
 
A paper by Kjelson et al. (1981) described the effects of freshwater inflow on survival, 
abundance, migration, and rearing of Chinook salmon in the upstream (Delta) portions of the 
Sacramento-San Joaquin Estuary.  Kjelson et al. pointed out that additional inflows of freshwater 
at the appropriate time during the winter and spring will increase the numbers of fry and juvenile 
salmon utilizing the estuary and the survival of juveniles in the estuary.  Flow related concerns 
for salmon in the estuary stem from water development activities in the Central Valley that have 
altered the distribution of flow resulting in impacts on juvenile and adult salmon migrations, as 
well as the lack of comprehensive flow standards on the tributaries and main stem river reaches 
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that are protective of salmon.  The authors further explain that water development projects have 
caused major changes in the flow patterns within the estuary and the amount of flow entering the 
ocean from upstream sources.  The San Joaquin River system has been particularly altered as 
most of the upstream inflow to the basin has been captured and utilized in regions upstream of 
the Delta.  Typical export rates substantially exceed the flow of the San Joaquin River; hence 
most of the San Joaquin River flow goes to the pumps rather than to the ocean.  The authors 
concluded that the distribution and flow of water through the Delta waterways are heavily 
influenced by the design and operation of the state and federal water projects.  The paper reports 
that analysis of data gathered between 1957 and 1973 indicates that the numbers of adult 
Chinook salmon spawners returning to the San Joaquin River system are influenced by flows 2.5 
years earlier during their rearing and downstream emigration life history phases.  In general, 
higher flows resulted in greater numbers of adults returning to spawn.  Kjelson et al. also 
implicates the potential adverse effects of the pumps in the reduced survival of fish emigrating 
through the Delta, indicating that as export rates are increased, more downstream migrating 
salmon are drawn to the fish screens.  Kjelson et al. estimates that the number of fish observed at 
the fish screens is probably only 5 percent of the total downstream migration in the system, but 
that a "much larger fraction probably is drawn out of their normal migration path" by the effects 
of the pumps on water flow in the Delta's channels.  Kjelson et al. states that the "alteration in 
flow distribution caused by drafting increased volumes of water across the Delta to the pumps 
apparently increases the mortality of salmon that do not ever reach the fish screens."  In support 
of this statement, Kjelson et al. points out those mark-recapture studies in which fish that migrate 
downstream in waterways that are far removed from the effects of the pumps had higher relative 
survival rates than those released in waterways under the influence of the pumps. 
 
In a second paper by Kjelson et al. (1982), they reiterate the reduced survival of salmon in the 
delta due to influences of natural and anthropogenic sources.  They found that Chinook salmon 
smolt survival decreased as flow rates decreased and water temperatures increased, particularly 
in the later portions of the outmigration period.  Furthermore, they restated their belief that the 
influence of the state and federal exports negatively impacted the survival of emigrating smolts 
through the Delta. 
 
In a study assessing the influence of San Joaquin River inflows, state and federal exports and 
migration routes, Kjelson et al. (1990) released experimental fish (coded wire tagged hatchery 
Chinook salmon) during the spring of 1989 at Dos Reis on the San Joaquin River below the head 
of Old River, and in Old River itself downstream of the head under conditions with low San 
Joaquin River flow (≈ 2,000 cfs) and high/low export conditions (10,000 cfs and 1,800 cfs).  The 
results of the study were unexpected as the rate of survival was not greater for the low export 
conditions compared to the higher export conditions.  Upon further examination of the data, 
Kjelson et al. found that survival was comparatively lower for all upstream release groups that 
year compared to other studies conducted in previous years.  In addition, Kjelson et al. surmised 
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that the short period of reduced exports (7 days) was not long enough to allow fish to exit the 
system and move beyond the influence of the exports when higher pumping resumed.  Based on 
the times to recovery at Chipps Island, it was concluded that a sizeable proportion of the released 
fish were still in the Delta when the higher export levels resumed.  This conclusion is further 
reinforced by the salvage of fish released at Jersey Point, indicating that fish were drawn 
upstream into the interior of the Delta and towards the pumps.  The study, although having 
several significant flaws, did conclude that survival was higher in the main stem San Joaquin 
River compared to Old River and that survival in the Delta interior was lower compared to the 
western Delta (i.e., Jersey Point releases).  The authors cautioned about drawing conclusions 
about export rates and survival from the data due to its obvious flaws. 
 
A paper by Kjelson and Brandes (1989) reports on the results of ongoing mark-recapture studies 
conducted in the Sacramento-San Joaquin Delta and the effects of river flows, percent diversion 
of Sacramento River water through the Delta Cross Channel, and river temperatures.  The 
findings of this paper also conclude that elevated flows, as measured at Rio Vista on the 
Sacramento River, increase survival of Chinook salmon smolts from the Sacramento River basin 
through the Delta as measured by both ocean recoveries of adults and recaptures of tagged 
smolts at Chipps Island in the mid-water trawls.  Similarly, adult escapement in the San Joaquin 
River basin also increases with spring time flows at Vernalis 2.5 years earlier.  Increasing water 
temperature was also shown to decrease smolt survival through the Delta during the critical April 
through June outmigration period of fall-run Chinook salmon. 
 
In a more recent report, Mesick et al. (2007) assessed the limiting factors affecting populations 
of fall run Chinook salmon and steelhead in the Tuolumne River.  The paper describes potential 
limiting factors which may affect the abundance of fall-run Chinook salmon and both resident 
and anadromous (steelhead) forms of rainbow trout in the Tuolumne River.  This information 
was then synthesized into conceptual models to help guide management decisions in regards to 
these two salmonid species.  In general, Mesick et al. found that river flows were the limiting 
factor with the greatest influence on the salmonid populations in the Tuolumne River.  As found 
in previous studies, there is a strong relationship between adult escapement and spring river 
flows during the juvenile/smolt outmigration stage.  Flows measured over the period between 
March 1 and June 15 explains over 90 percent of the variation in the escapement data.  However, 
Mesick et al. identified two critical flow periods for salmon smolts on the Tuolumne River: 
winter flows which affect fry survival to smolt stage, and spring flows which affect the survival 
of smolts migrating from the river through the delta.  Based on results from ongoing VAMP 
studies, Mesick et al. also noted that increased flows at Vernalis also increased survival of smolts 
emigrating through the Delta.  Water temperature in the river was also identified as a potential 
limiting actor for salmonid survival within the emigration time period.  Flows have a substantial 
role in maintaining suitable water temperatures within the river system, with higher flows 
prolonging and extending the cool water migratory corridor downstream than low flow 
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conditions.  Mesick et al. found that for Tuolumne River fall-run Chinook salmon escapement 
data, that exports had little effect on adult production compared to winter and spring flows.  
Flows were the primary factor, beyond all other factors, in determining adult production from 
smolts. 
 
NMFS also reviewed the restoration reports for the Central Valley Project Improvement Act, 
including the three volumes of "Working Paper on Restoration Needs" for the Anadromous Fish 
Restoration Program (AFRP) (USFWS 1995) and the Final Restoration Plan for the Anadromous 
Fish Restoration Program (USFWS 2001).  The plan identified the Delta as the highest priority 
for restoration actions (page 17, Final Restoration Plan), given that it was highly degraded, due 
in part to CVP (and SWP) operations, and that all anadromous fish must pass through the delta as 
juveniles and adults.  In addition, the San Joaquin River main stem and its tributaries below 
Mendota Pool were assigned a high priority (but lower than the Delta) due to its highly degraded 
habitat and substantially reduced production of fall-run Chinook salmon.  Specific actions in 
each watershed and the delta were identified to address the limiting factors present in those areas 
and were prioritized as to their ability to implement the "doubling goal" for affected fish 
populations.  In general, actions scored a high priority if they promote natural channel and 
riparian habitat values and natural processes, such as those affecting stream flow, water 
temperature, water quality, and riparian areas.  Actions are assigned medium priority if the affect 
emigration or access to streams, such as sites of entrainment into diversions and migration 
barriers.  Like the previous reports, the AFRP Restoration Plan recommended increasing flows 
within the tributaries and main stem San Joaquin River as a high priority action to increase 
salmonid production.  Within the Delta, actions which would provide protection to juvenile 
salmonids migrating through the Delta from November 1 through June 30, equivalent to the 
protection provided by restricting exports to minimal levels, were given high priority.  The 
specific increases in flow were developed to achieve the targeted doubling of fish populations as 
required under the CVPIA, and are not necessarily the flows needed to sustain or protect 
populations from further decline or achieve population stability.  Targeted flows are typically 
much greater than the average or median flows observed in the rivers under current conditions.  
In addition to flows, maintaining appropriate water temperatures in the tributaries for salmonid 
life history stages was given a high priority.  The AFRP restoration plan recommended that 
actions be implemented "to maintain suitable water temperatures or minimize length of exposure 
to unsuitable water temperatures for all life stages of Chinook salmon in the San Joaquin River 
and Delta."  Targeted water temperatures are 56oF between October 15 and February 15 and 
65oF between April 1 and May31 for Chinook salmon in the main stem San Joaquin River.  
Furthermore, the construction and operation of a barrier at the head of Old River to improve 
conditions for Chinook salmon migration and survival was given a high priority so long as its 
operation had minimal adverse effects on other delta fish species. 
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An additional reference used by NMFS during the development and assessment of this RPA is 
the California Department Fish and Game's "Final Draft 11-28-05 San Joaquin River Fall-run 
Chinook salmon Population Model" which evaluated various parameters that have been 
identified as influencing abundance of escapement of fall-run Chinook salmon into the San 
Joaquin River.  These parameters included such variables as ocean harvest, Delta exports and 
survival, abundance of spawners, and spring flow magnitude, duration, and frequency.  The 
model was developed in response to the SWRCB call for comments and recommendations to the 
1995 WQCP San Joaquin River spring Vernalis flow objectives in 2005.  CDFG determined that 
the Vernalis spring flow objectives were not adequate for the long-term protection of fall-run 
Chinook salmon beneficial uses in the San Joaquin River basin because: 1) the San Joaquin 
River salmon population trend continues to be below the 1967 - 1991 historic average upon 
which the narrative Doubling Goal was established (CVPIA Restoration Plan goals); 2) salmon 
smolts are not afforded the level of protection as envisioned by the 1995 WQCP; 3) the VAMP 
experiment is not working because it has not been implemented as designed; and 4) spring 
outflow is the primary factor controlling fall-run Chinook salmon population in the San Joaquin 
River basin.  CDFG summarized the shortfalls of the 1995 WQCP Vernalis flow objectives as 
being due to: 1) the diminished magnitude of the Vernalis flow objective; 2) the narrowness of 
the pulse flow protection window; 3) the infrequent occurrence of elevated flow objective levels; 
and 4) the frequent occurrence of reduced flow objective levels.  CDFG found in the 
development of their spreadsheet model that non-flow parameters had little or no relationship to 
fall-run Chinook salmon population abundance and that spring-time flow magnitude, duration, 
and frequency were the dominant factors influencing Chinook salmon abundance in the basin.  In 
their analysis of the influence of exports and flow on salmon production, CDFG could not find a 
statistically significant role for exports compared to the influence of the spring time flows.  The 
role of flow always dominated the interaction of exports and flow on salmon abundance.  
However, it should be noted that exports typically increase when San Joaquin River flows 
increase, thereby making exact relationships difficult to determine and that only a narrow range 
of river flows and exports were tested in the VAMP experiments to date.  CDFG summarized the 
relationship between export, flow, and salmon production to be that when the ratio of exports to 
Vernalis flow decreases both escapement and cohort production increases.  The relationships that 
suggest flow is the dominant factor influencing salmon production, rather than exports, are: 1) 
when the ratio of spring exports to spring Vernalis flows decreases, Vernalis flow greatly 
increases and San Joaquin River basin production greatly increases; 2) when the ratio of spring 
exports to spring Vernalis flows increases, Vernalis flow greatly decreases and San Joaquin 
River basin salmon production substantially decreases; 3) juvenile salmon survival increases 
when spring Vernalis flows increase; 4) spring export to spring Vernalis flow ratio has little 
influence upon juvenile salmon survival; and 5) as the difference between spring Vernalis flow 
level and spring export flow level increases, escapement increases.  Nevertheless, CDFG 
recognized that the influence of delta exports upon San Joaquin River salmon production was not 
totally clear but that its influence was not as negative, at least compared to flows, as it had 
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previously been thought to be.  Their analysis indicated that comparatively, flows were the much 
more influential variable in determining production levels in the basin compared to exports.   
 
The model results indicated that in all scenarios tested, increasing the magnitude of spring 
outflow resulted in increased salmon production for all water year types.  Likewise, in all 
scenarios tested, expanding the window of protection resulted in increased salmon production.  
The greatest increment in salmon production associated with increasing the window of protection 
was from 30 days to 60 days.  Further increases in the window of protection beyond 60 days 
produced smaller incremental gains in salmon production.  The 60 day period roughly 
encompasses the majority of the salmon outmigration window.  When both flow magnitude and 
the window of protection are increased together, the salmon production in the basin increases 
substantially.  Based on the model results, CDFG concluded that the optimal mix of flows and 
window of protection was: 1) wet years=20,000 cfs for 90 days; 2) above normal years=15,000 
cfs and a 75 day window; 3) below normal years = 10,000 cfs for 60 days; 4) dry years = 7,000 
cfs for 45 days; and 5) critical years = 5,000 cfs for 30 days.  The model suggests that these flow 
objectives at Vernalis would accomplish the Doubling Goals of the CVPIA-AFRP, improve the 
fall-run Chinook salmon replacement ratio, and would, as compared to other possible flow 
objective windows simulated with the model which met the Doubling Goals; result in the lowest 
water demand.  This mixture of flows and protective windows, however, still used approximately 
1 million additional acre feet of water from the reservoirs, on average, to meet its needs. 
 
Analyses of the relationship between exports and survival of fall-run Chinook salmon (Kjelson et 
al. 1981, Brandes and McLain 2001, Newman and Rice 2002, Newman 2003, and Newman 
2008) have suggested that survival is negatively associated with exports.  Newman’s (2008) 
analysis of the Delta Action 8 studies found a statistically significant negative association 
between survival of fish moving through the Delta interior and export volumes.  There was a 98 
percent probability that as exports increased, relative survival (interior Delta compared to 
Sacramento River release) decreased.  There is a positive relationship between the level of 
exports and the amount of fish released in Georgiana Slough that are eventually salvaged.  The 
analysis of the VAMP data was less clear regarding exports.  A statistically significant 
relationship between exports and survival could not be found.  Any relationship between exports 
and survival probabilities were weak to negligible.  Newman however pointed out that this may 
have been due to the correlation of export rates and flow levels in the VAMP experiments.  In 
addition, the relative range of combinations between exports (1500 – 3000 cfs) and Vernalis 
flows (less than 7,000 cfs) is very narrow.  Newman indicated that the high level of 
environmental noise likely swamped the signal from the export effects on survival.  Newman 
recommended that alternative experimental procedure (e.g. acoustic tagged fish) be used to 
reduce the noise to signal ratio in the experimental data collected in any future studies.  Newman 
and Brandes (2009, in review) reassessed data from the interior Delta studies, using only studies 
utilizing late fall Chinook salmon with temporally paired releases.  They confirmed that fish 
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released in the interior of the Delta had substantially lower survival rates than fish released in the 
Sacramento River.  The ratio of recovery fractions were consistently much less than 1.0 and the 
posterior means and the maximum likelihood estimates of θt were at most 0.8.  The median of θt 

was 0.35 (survival ratio of interior Delta to Sacramento releases).  Newman and Brandes (2009 
in review) also stated that the relationship between the relative survival and export levels 
produced estimates of export effects that were consistently negative, and for Bayesian 
Hierarchical Models, the probability that the effects are negative was 86 to 92 percent.  However, 
the signal-to-noise ratio is low enough that that DIC values and posterior model probabilities 
indicate that the predictive ability of models without exports is equivalent to models which 
include exports.  Environmental variation is large enough that a failure to find a stronger 
association could be a function of sample size.  In order to find a significant relationship, 
Newman (2008) estimated that 100 paired releases were needed to yield a coefficient of variation 
of 20 percent.  Newman and Brandes (2009 in review) also recommended that studies to assess 
the effects of exports on salvage deliberately fix the level of exports at varying levels of flow to 
determine whether it is the absolute level or the relative level of export that affects the fraction of 
Georgiana releases that are salvaged at the fish facilities.  This same approach is applicable to 
understanding the role of exports to flow in the San Joaquin River system. 
 
Development of the RPA: 
 
San Joaquin River Basin Steelhead 
 
Assessing the current status of the Central Valley steelhead population indicated that the current 
populations are severely depressed within the east side tributaries.  Monitoring of fish exiting the 
San Joaquin River system is done by Kodiak trawling in the San Joaquin River between 
Mossdale and the Head of Old River.  Trawls are typically conducted three days per a week by 
the USFWS from approximately July 1 to March 30.  Sampling is increased to five days per a 
week (10 tows per day at 20 minutes per tow) from April 1 through June 30 during the VAMP 
experimental period and spring Chinook salmon emigration period.  CDFG conducts these spring 
time monitoring trawls.  All trawls are conducted during daylight hours.  All species of fish 
captured are identified to species and enumerated.  All Chinook salmon and steelhead captured 
in the trawls are measured and checked for clipped adipose fins.  Typically, few steelhead are 
recovered by the Mossdale trawl.  Recoveries were frequently less than 10 fish for an entire 
season (see figure 1) with most fish being captured during the April-May period.  In support of 
the VSP criteria for the Central Valley steelhead DPS, all remaining populations must be 
protected, and geographic and genetic diversity should be maintained.  The San Joaquin River 
tributary populations represent the Southern Sierra diversity group. 
 
Data from the rotary screw traps located on the Stanislaus River at Oakdale (upstream) and at 
Caswell Park (downstream) indicate that several dozen smolts/larger juvenile Oncorhynchus 
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mykiss are recovered annually during the winter and spring emigration season starting in 
December and extending into June (see figure 2).  The median date of capture for these fish is 
March 1.  The trap data from the Stanislaus River serves as a useful tool to estimate when 
downstream migration of San Joaquin River basin steelhead occurs, and can be used to estimate 
when fish from other tributaries in the basin would be moving downstream too.  This assumes 
that fish behave in a relatively consistent manner throughout the basin and that individual 
tributaries in the basin do not exhibit unique traits in their migratory behavior. 
 
 

Annual Steelhead Smolt Catch from the Mossdale Trawl
1988 through 2008
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Figure 1:  Catches of steelhead in the Mossdale Trawls from 1988 through 2008 
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Figure 2:  Captures of Rainbow Trout in the Rotary Screw Traps on the Stanislaus River (Oakdale and 
Caswell traps) 1995 to 2009.  Life Stages: 1 egg, 2 yolk sac fry, 3 fry, 4 silvery parr, 5 smolt and 6 adult. 
 
Due to the paucity of data for San Joaquin River basin steelhead, NMFS has decided to use fall-
run Chinook salmon populations in the San Joaquin River basin as a surrogate species in 
developing the RPA.  Fall-run Chinook salmon co-occur in the three basin tributaries alongside 
steelhead.  Both species have similar environmental needs for cool water, river flows, and 
migratory corridors.  NMFS makes the assumption that conditions that are favorable to fall-run 
Chinook salmon will provide similar benefits to co-occurring steelhead populations in the same 
watershed.  Therefore, using fall-run Chinook salmon populations in the basin as an indicator 
species, conditions that improve the abundance of fall-run should improve the abundance of 
steelhead.  
 
Flows and Export levels 
NMFS initially examined the historical hydrographs for the San Joaquin River basin from a 
variety of sources to determine the pattern of flows that existed in the basin prior to the 
construction of dams (Figure 3). 
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Figure 3: 

 
 
Within the San Joaquin River basin, snowmelt driven runoff peaked in the Months of May and 
June, with approximately 45 percent of the annual runoff occurring within those two months.  
Following construction of dams on the main tributaries, peak runoff was shifted to earlier in the 
year.  Modeling of unimpeded flows in the basin by Derek Hilts (USFWS) indicated that flows, 
as measured at Vernalis, were consistently greater than 5,000 cfs.  Such flows would allow the 
suggested flow conditions called for in the CVPIA Restoration Plan and the CDFG Fall-run 
Chinook salmon Population Model recommendations to the CWRCB for Vernalis flows (figure 
4). 
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Figure 4: 

Modeled Median Unimpeded Flow
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However, since these flows were typical of the pre-project flows and are most likely not 
representative of current flow regimes in the highly managed San Joaquin River system, NMFS 
looked at gaged flows at Vernalis since 1922.  The following flows for the month of April and 
May (Table 1) were derived from Tables 3 and 4 of Appendix A: Hydrologic Analysis of the San 
Joaquin River Agreement in Meeting Flow Objectives in: Meeting Flow Objectives for the San 
Joaquin River Agreement 1999-2010.  Environmental Impact Statement and Environmental 
Impact Report –Final.  June 28, 1999.  State Clearing House #:98092062. 
 
Table 1:  San Joaquin River flows (cfs) measured at Vernalis for water years 1922 through 1992 for the 
months of April and May. 
Years 1922 to 1992  April Flows May Flows 
Median Value  4895 4101 
Average Value  6641 5832 
Maximum Value  27742 25762 
Minimum Value  1470 1180 
1st Quartile  2579 2262 
3rd Quartile  7930 6419 
 
The following flows (Table 2) were gathered from the Draft Programmatic Environmental 
Impact Report for the San Francisco Public Utilities’ Water System Improvement Program’s 
Table 5.3.1-1:  Mean Monthly Flows at Selected Locations on Waterways potentially affected by 
the Water System Improvement Program (cubic feet per second).  Document found at: 
http://www.sfgov.org/site/uploadedfiles/planning/vol3_sec5-3_wsip-dpeir.pdf. 
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Table 2: Average Monthly Flows at Selected Sites in the San Joaquin River Basin 
Location Tuolumne River at 

Modesto 
San Joaquin River at 
Vernalis 

San Joaquin River at 
Newman 

Period of 
record 

1974-2004 1943-2004 1942-2004 

Month    
January 1840 5353 2334 
February 2236 6947 3249 
March 2209 7061 3186 
April 1835 6586 2989 
May 1644 6730 2847 
June 899 5181 3374 
July 615 2322 1008 
August 431 1496 510 
September 711 1880 600 
October 937 2422 704 
November 724 2386 679 
December 1142 3710 1189 
 
The following table (Table 3) uses the more recent gage readings from the Vernalis gage from 
1993 through 2008.  Data is from the California Data Exchange Center for the Vernalis gage 
(VNS) recorded from sensor 20 (Flow – mean daily).  Information found at: 
http://cdec.water.ca.gov/cgi-progs/queryDaily?VNS. 
 

 

http://cdec.water.ca.gov/cgi-progs/queryDaily?VNS
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Table 3:  Average Monthly Flows at Vernalis (1993 – 2008) measured in cubic feet per second (cfs). 
 

Average STD 95% CI Median Max Min
Jan 5592 7694 3770 2690 32469 1684
Feb 7921 9191 4503 4283 32139 1895
Mar 7631 5805 2845 5553 19378 2131
Apr 7780 8118 3978 4061 28149 1869
May 7735 7707 3776 4107 26699 1964
June 5297 5835 2859 2580 18024 1095
July 3429 3989 1955 1698 14313 896
Aug 2203 1373 673 1820 5526 865
Sep 2123 1318 646 1971 5335 801
Oct 2545 1391 682 2131 5715 1006
Nov 2155 669 328 2099 3587 1087
Dec 2644 2397 1175 1982 11140 1192  

 
The following graph (Figure 5) represents the data from table 3. 
 
Figure 5: 

 
The gaged flows at Vernalis following the onset of water management of the system by 
reservoirs shows an altered pattern of runoff.  Peak flows now occur earlier in the year during the 
months of February, March, April, and May, rather than in May and June as occurred under the 
unimpeded flow regime.  The flow data indicates that the median flows at Vernalis for the period 
between 1922 and 1993 are typically highest from February through May before falling off in 
June.  Previously, June had the highest amount of runoff and thus the highest flow levels.  Based 
on the current data, average flows are typically higher than the median by approximately 4,000 
cfs during the peak winter-spring runoff period.  The flow data also indicates that sustained flows 
occur for more than 90 days, on average, during the winter.  NMFS subsequently looked at the 
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median gaged flow at Vernalis by water year type.  The following bar graph (Figure 6) depicts 
the median gaged flow from 1922 to 1992 using the same data as Table 2 but segregated by 
water year type. 
 
Figure 6: 
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This data shows that approximately 6,000 cfs of flow is available at Vernalis in 50 percent of the 
wet and above normal water years.  Approximately 4,000 cfs is available during below normal 
water years in April and May.  Dry years have a median flow of approximately 3,000 cfs while 
critical years have approximately 1,800 cfs for both April and May.  NMFS anticipates that 
March will have similar values and profiles over the 5 water year types.   
 
These series of graphs and tables illustrate the substantial difference between the historical gage 
flow data at Vernalis and the restoration flows under the CVPIA and CDFG proposals.  For 
instance, in wet years the CDFG restoration flows are approximately twice the gaged flows at 
Vernalis (20,000 cfs vs. 10,000 cfs)  This would require a substantial shift in the allocation of 
water rights within the tributaries to achieve these water releases for fish (e.g., an extra 1 million 
acre feet).  In the current consultation for OCAP, Reclamation does not have authority to alter 
water rights and can only change deliverable water volumes to contract holders per their legal 
authority on the Stanislaus River.  An alteration of water rights on the Stanislaus River, as well 
as on the other tributaries to increase flows to the levels required under the CVPIA or CDFG 
restoration criteria would have to occur under the authority of the SWRCB.  Reclamation can 
utilize its powers under the CVPIA to utilize (b)(2) water and purchase other water (b)(3) to 
augment releases, but this is a limited resource.   
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NMFS plotted the relationship between fall-run Chinook salmon escapement and springtime 
gaged flow at Vernalis for the months of April and May (figure 7), the "middle" of the salmon 
smolt outmigration period according to CDFG data.  The escapement numbers are from the 2009 
edition of CDFG's grandtab spreadsheet. 
 
Figure 7: 
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As previously described, increases in spring time flows during the period of smolt emigration 
from the tributaries through the delta result in corresponding increases in adult escapement 2.5 
years later.  A different graphical representation of this relationship is given in figure 8 below 
from Baker and Morhardt (2001).  Flows below approximately 5,000 cfs have a high level of 
variability in the adult escapement returning 2.5 years later, indicating that factors other than 
flow may be responsible for the variable escapement returns.  Flows above approximately 5,000 
to 6,000 cfs begin to take on a linear form and adult escapement increase in relation to flow.  
Anomalies to the flow relationship (i.e., subsequent low adult returns during high spring flows 
can be due to poor ocean conditions upon juvenile entry or low adult returns in the fall prior to 
the high spring flows (e.g., 1977 low adult escapement with subsequent high spring flows in 
1978 lead to poor adult escapement in 1980). 
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Figure 8: 

 
Copied from Baker and Morhardt 2001. 
 
Figure 9: 

 
Copied from the 2006 Annual Technical Report, Vernalis Adaptive Management Plan 
 
 
Figure 9 illustrates the relationship between the point estimates for combined differential 
recovery ratios (CDRR) and San Joaquin River flow at Vernalis with the Head of Old River 
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Barrier in place during VAMP experiments (SJRGA 2007).  The relationship is statistically 
significant (p<0.01) with Vernalis flows accounting for 73 percent of the variability observed in 
the survival data.  CDRR are calculated as follows: 
 

CDRR = CRRu / CRRd

where CRRu is the combined recovery rate for the upstream release group (Mossdale, Dos Reis, 
Durham Ferry), and CRRd is the combined recovery rate for the downstream release group 
(Jersey Point).  CRR is calculated as 

CRR = RC+A+O/ ER 
where RC+A+O is the combined recoveries at Antioch, Chipps Isalnd, and in the ocean fishery of a 
CWT group.  ER is the effective release number for that CWT group. 
 
The next figure (Figure 10) shows the relationship between Vernalis flow and export ratio and 
the CDRR using data from Chipps Island, Antioch, and ocean fisheries recoveries.  The trend 
line is positive for increasing survival with increasing flow to export ratios but is not statistically 
significant at the p< 0.05 level.  Potential reasons for this lack of significance include the relative 
lack of difference between the two export rates tested (≈ 1500 cfs and 2250 cfs ) during the 
VAMP experiments.  The sensitivity of the recovery measurements may not allow discrimination 
between export levels this close in magnitude. 
 
Figure 10: 

 
Copied from the 2006 Annual Technical Report, Vernalis Adaptive Management Plan 
 
Figure 11 illustrates that adult escapement 2.5 years later is correlated with the flow:export ratio 
between April 15 and June 15 of the year that the smolts migrated downstream.  The data covers 
the period from 1951 to 2003.  In most years the HORB was not installed.  Analysis of this data 
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by Dr. Ken Newman (USFWS) using a K-fold cross validation, where K=5, found that the total 
absolute prediction error was about 15 percent less using the model that incorporated the 
flow/export variable, indicating that it better predicts the data than the model using flow alone.  
These adult escapement relationships would indicate that as you increase flows and decrease 
exports relative to the flows there should be corresponding increases in smolt survival and adult 
escapement 2.5 years later (SJRGA 2007). 
 
Figure 11 

 
Copied from the 2006 Annual Technical Report, Vernalis Adaptive Management Plan 
 
In developing the RPA for the San Joaquin River, NMFS assessed the tools available through the 
consultation process with Reclamation to achieve modification of flows in the San Joaquin River 
basin.  Reclamation has the authority to re-operate the releases of water from New Melones 
Reservoir, implement its authorities under the CVPIA, particularly the use of (b)(2) water and 
purchase of additional water from willing sellers (b)(3), and modify its CVP exports.  There were 
fewer options for the state side of the consultation.  Only modifications to exports were 
determined to be readily available since the state did not control any reservoirs in the basin.  
NMFS also made the assumption that Reclamation in cooperation with DWR would continue its 
obligation to install the spring Head of Old River Barrier or similar device for fish protection 
(3406 (b)(15) of the CVPIA) for at least 31 days in the April to May time period.  NMFS 
approached the minimum flow targets for Vernalis from two directions.  The first was based on 
the water that was reasonably available based on the historic flow patterns since 1922.  NMFS 
initial estimate of minimum feasible flows that could be achieved at Vernalis were flows of 
6,000 cfs at Vernalis in all but critical years and flows of 3,000 cfs in critical years for the period 
between March 15 and June 30.  These flows appeared feasible, based on the gaged flows at 
Vernalis.  Wet and above normal water years were already at or above this level.  Below normal 

 



 22

years would require approximately an additional 2,000 cfs for 90 days at Vernalis, while dry 
years would require an additional 3000 cfs over the 90 day period.  Critical years would require 
approximately 1,200 cfs over the 90 day period.  The information presented in the flow to 
escapement relations presented a second avenue to estimate minimum flow needs, particularly 
figure 8, which indicated that flows over 5,000 to 6,000 cfs were required to move into the linear 
phase of increasing fish escapement.  NMFS interpreted this to represent a minimum flow goal.   
 
In order to further enhance the benefits of increased flows at Vernalis, NMFS looked at the 
second variable that it could manipulate the level of exports at the CVP and SWP facilities.  
Exports have been perceived as an adverse environmental factor affecting movement and 
survival of salmonids moving through the Delta (see earlier background discussion).  As shown 
in the figures 9 and 10, there is a positive trend to juvenile survival and adult Chinook salmon 
escapement when the ratio of flows in the San Joaquin River increases relative to the level of 
exports.  Although, the CDFG population model report, as well the recent Newman (2008) 
report, did not find statistical significance in these differences, both studies indicated that there 
were potential effects that were confounded by the high variability in the data, and the narrow 
range of exports tested.  In comparison to the flow variable, exports appeared to have a minor 
role in survival or escapement.  The CDFG report further elucidated the beneficial aspects of 
higher flow to export conditions in salmon survival and abundance. 
 
NMFS, in consideration of the potential benefit that maintaining low exports during smolt 
emigration would have in enhancing the effects of available flow on survival, developed 
measures to incorporate reduced exports into its RPA for the San Joaquin River.  NMFS looked 
at San Joaquin River flow to export ratios as a method for providing flexibility in the operations 
of the CVP and SWP rather than capping the exports at fixed levels.  Starting with the minimum 
export level that would maintain health and safety criteria (1,500 cfs), different ratios were 
assessed.  The data from the ongoing VAMP experiments provided useful information in 
developing the ratio.  Current VAMP studies have ratios of flow to exports clustered around 2:1, 
which have provided low survival indices for upstream releases compared to downstream 
releases, particularly in recent years.  Studies which would have had higher flows (i.e., 7,000 cfs) 
to export (1,500 cfs) ratios were not conducted, since the necessary environmental conditions to 
implement this part of the study protocol never occurred.  Recent conditions in which high flows 
did occur in the San Joaquin River basin and which would have given flow to export ratios 
greater than 3:1 in 2005 and 10:1 in 2006 were confounded by poor ocean conditions during the 
smolts entry into the marine environment, and returning adult fall-run Chinook salmon 
escapement numbers from these brood years were very low (brood years 2004, 2005 which 
returned in 2007 and 2008).  From the available data, including the information contained in 
figures 10 and 11, flow to export ratios should be at least 2:1 and preferably higher to increase 
survival and abundance.  In light of these factors, NMFS initially developed flow to export ratios 
of 4:1 for wet, above normal, below normal, and dry years, based on the minimum export level 
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of 1,500 cfs and a targeted minimum Vernalis flow of 6,000 cfs.  Flows in critically dry years 
were targeted to be a minimum 3,000 cfs which gives a flow to export ratio of 2:1 when exports 
are targeted to be 1,500 cfs.  These flow and export levels were then assessed through computer 
modeling. 
 
Modeling 
NMFS engaged the services of Derek Hilts (USFWS) to assist in modeling the proposed San 
Joaquin River RPA of 6,000 cfs minimum flows at Vernalis during wet, above normal, below 
normal, and dry years with a flow to export ratio of 4:1, and the critically dry flow minimum of 
3,000 cfs at Vernalis with a flow to export ratio of 2:1 during the period between March 15 and 
June 30.  The initial modeling runs performed by Mr. Hilts examined the unimpeded flows in the 
San Joaquin River Basin and the ability to provide the targeted flows at Vernalis with the 
corresponding flow to export ratios described in the initial RPA.  Based on the specified flow 
objectives and the monthly unimpaired flow estimates, the months of March through June for 
each water year were classified based on the ability to meet the flow objectives.  If all four 
months for a specific water year met the flow criteria, then that year was considered as 
hydrologically feasible.  If any of the four months were unable to meet the flow criteria, but 
excess water was theoretically available from a previous month to supplement that dry month's 
shortfall, then that year was also considered as hydrologically feasible.  If any of the four months 
could not meet the flow criteria and excess water volume was unavailable for transfer, then that 
year was considered as hydrologically infeasible.  The modeling indicated that in all but 4 years 
of the simulation period (1921to 2008) the flow objectives could be met (see internal memo from 
C. Anderson to Maria Rea, dated March 13, 2009). 
 
A second run was conducted on March 9, 2009 (RPA_VNS2EXP-Analysis_4NOAA) that 
modeled the ability of the basin to meet the proposed criteria for the RPA.  The basin was 
simulated for the years 1922 through 1994 assuming approximately current conditions.  The 
model had the following assumptions: 
 

• modeled period is March 15 to June 30. 
• 4:1 San Joaquin River (SJR) ratio of 4:1 in non-critical years, 2:1 in critical years. 
• assumed minimum exports of 1,500 cfs (total Tracy and Banks) and an inflow at Vernalis of 

6,000 cfs in non-critical years and 3000 cfs in critical years. 
• Run "A" is the base case with 1641 standards, no minimum instream flows (MIF) and current 

level of development (LOD). 
• Initial comparative test run with full contract deliveries. 
• Second test run with uniform 25 percent reduction in contract deliveries and releasing water from 

New Melones, New Don Pedro, and New Exchequer reservoirs to meet the Vernalis standard. 
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The initial results indicated that it was not physically possible to meet the RPA criteria with full 
contract deliveries.  The RPA with full contract deliveries drained the reservoirs in drought 
years.  The subsequent run with 25 percent reduction in contract deliveries was physically 
possible, with little overall change to the reservoir storage in the basin.  New Melones reservoir 
was affected the most, with significant carryover storage differences in drought years compared 
to the base case.  The reservoir retained approximately 300 taf of carryover storage in the 30's 
drought and approximately 400 to 500 taf in the subsequent droughts in '48, '61, and '77. 
 
Three subsequent modeling runs were conducted on March 18 and 20, 2009.  The first modeling 
run (Chg_In_Dry_Yeartype_SJR-to-Exports ratio_4NOAA_20090318) was based on discussions 
to change the dry year criteria from 4:1 export ratios to 2:1 for the period between March 15 and 
June 30.  In addition, contract reductions were reduced to 10 percent rather than 25 percent (90 
percent contract deliveries) which was considered a more realistic condition.  The change to 10 
percent reductions in contract deliveries understandably exacerbated reservoir drawdown in the 
drought conditions over the 25 percent delivery reduction scenario above and drained the 
reservoirs in drought conditions.  The change in dry year export ratios from 4:1 to 2:1 (run F) 
resulted in some relief in the reduction in carryover storage in the reservoirs, but reservoirs were 
still drawn down considerably in the drought periods.  The second modeling run (run G) reduced 
the period of compliance in June from June 30 to June 15, allowing exports and reservoir 
releases to be dictated by D-1641 criteria and compared it to run F above.  The shortened June 
compliance period helped reduce reservoir drawdown during drought periods and had similar 
carryover volumes to the 25 percent delivery reduction in the first series of runs for the 
reservoirs.  The final simulation compared the shortened June compliance alternative (run H) 
with the base case run (run A).  Run H is identical to run G except that D-1641 associated MIF's 
were used in the March 1 to 15 and June 16 to June 30 time period rather than the estimated half 
month flows based on the RPA flow criteria (6000/2 and 3000/2).  The New Melones reservoir 
carryover storage in run H conformed well to the base case carryover storage in the 1920-30's 
drought, running consistently below the base case, but never draining the reservoir.  Minimum 
pool was approximately 250 taf.  The drought in the late 1940's was slightly different.  The base 
case reservoir carryover storage remained above 1000 taf, while run H depleted the reservoir 
carry over storage to approximately 300 taf.  Similar depletions occurred in 1955 and 1977.  It 
was determined that minimum flow off ramps should be incorporated into the RPA for 
consecutive drought years in order to minimize these large drops in reservoir carryover storage. 
 
A new series of simulations (NOAA_draft_VNS-to-
Exp_RPA_analysis_RunsILM&HIst_20090325) were run that compared the baseline condition 
(pre-smelt B.O. base case - run I) with alternatives that contained off ramps for consecutive 
critically dry years (relaxation of the 3,000 cfs minimum for dry and critical years to 1,500 cfs).  
New in the run L and run M simulations were MIF's for the Stanislaus River that reflected CDFG 
fish flows based on water year type (New Melones carryover storage).  The base case (run I) 
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does not include these minimum flows.  Run L has the relaxed minimum flow for back to back 
critical years.  The minimum flow at Vernalis is reduced from 3,000 cfs to 1,500 cfs in the 
second critically dry year.  Exports are constrained to 1,500 cfs from March 15 to June 15 to 
provide the appropriate flow to export ratios.  Major diverter's water demands were reduced by 
the uniform 10 percent as before.  In run M, the CDFG fish water releases were relaxed 
somewhat when water supply levels in New Melones reservoir were lower 1,500 taf.  As seen 
before, reservoirs are drawn down considerably in drought years when applying the RPA, 
reaching very low levels in the 1930 drought period.  The incorporation of the CDFG fish flows 
into the alternative modeling runs reduced carryover storage in the New Melones reservoir.  
Relaxing the CDFG fish flows in low water years helped relieve some of the demand on the 
reservoir.  Flows were increased in 25 of the 73 years of record at Vernalis.  In 14 years flows 
were increased to 6,000 cfs when baseline conditions were lower and in 11 years flows were 
increased to 3,000 cfs when baseline conditions were lower than the minimum. 
 
Further refinement of these simulations (NOAA_draft_VNS-to-
EXP_RPA_analysis_916RunsACD&HIST_20090401) reduced critical water year minimum 
flows at Vernalis to 1,500 cfs with a corresponding flow:export ratio of 1:1 (run D01).  This 
improved reservoir carryover in drought conditions by not drawing as heavily on the system in 
these demanding conditions.  New Melones was still drawn down significantly during the 1930's 
drought.  New Don Pedro and New Exchequer reservoirs performed well.  In 15 years out of 73, 
run D01 increased flows above 6,000 cfs when baseline conditions were lower.  However, in 
conditions where the baseline predicted flows would be below 3,000 cfs, run D01 increased 
flows in 5 instances.  This is a reflection of the changed minimum flow criteria for critical years. 
 
Refinements to the proposed RPA on April 28, 2009, 
(NOAA_draft_VNS_to_EXP_RPA_analysis_Runs917_A1_D1_D3_&HIST_20090428) have 
the following changes made to the different alternatives.  The base run alternative Run 917 A01 
has no MIF requirements at Vernalis and Tracy and Banks exports are constrained by D-1641 
standards.  Stanislaus River major diverters (Oakdale Irrigation District [OID] and South San 
Joaquin Irrigation District [SSJID]) are shorted based on the inflow to New Melones reservoir.  
Water sold to Stockton East Water District (SEWD) is considered part of OID's demand.  The 
Tuolumne River's major diverters, Turlock Irrigation District (TID) and Modesto Irrigation 
District (MID) and the Merced's major diverter, Merced Irrigation District (MeID) full contract 
amounts are shorted 25 percent in dry years and 50 percent in critical years.  Water quality 
criteria are met as in earlier versions.  Alternative 1 (run 917 D01) is the same as base run 917 
A01 except that in wet, above normal, and below normal years, minimum flows at Vernalis are 
6,000 cfs from March 15 through June 15.  In dry water years, the minimum flow at Vernalis is 
3,000 cfs from March 15 through June 15.  In critical water years Vernalis minimum flow is 
1,500 cfs from March 15 to June 15.  During the time period between March 15 and June 15 
combined exports are modeled as 1,500 cfs to provide the 4:1, 2:1, and 1:1 ratios to the minimum 
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flows.  The Stanislaus River is modeled with the CDFG year type base schedule with a slight 
modification to include relaxation to 98.9 taf when the water supply parameter is between 1,000 
and 1,400 taf of storage.  Stanislaus diverters (OID and SSJID) are shorted 25 percent of their 
full monthly deliveries in dry years and 50 percent in critical years.  Alternative 2 (run 917 D03) 
is the same as 917 A01 except that minimum flows at Vernalis are 6,000 cfs in wet and above 
normal water years, 4,500 cfs in below normal water years, 3,000 cfs in dry water years and 
1,500 cfs in critical water years from April 1 through May 31.  In years in which the sum of the 
current water year's index, according to the 60-20-20 San Joaquin River Basin Indices, plus the 
two previous years indices sum up to 6 or less, the minimum flows at Vernalis will be reduced to 
1,500 cfs to protect reservoir carryover storage.  The SJR Basin index is as follows: wet =5, 
above normal =4, below normal = 3, dry = 2, and critical =1.  Tracy and Banks combined export 
rates are modeled as 1,500 cfs in all years.  The Stanislaus River is modeled with the CDFG year 
type base schedule with a slight modification to include relaxation to 98.9 taf when the water 
supply parameter is between 1,000 and 1,400 taf of storage.  Stanislaus diverters (OID and 
SSJID) are shorted 25 percent of their full monthly deliveries only in critical years.  Alternative 2 
has greatly reduced the demand on the reservoirs and the impacts to export yield while meeting 
the required flow criteria at Vernalis.  Most needs for water at Vernalis are satisfied by releases 
for other purposes such as instream flow requirements on the Stanislaus River for water quality 
or fishery releases.  The reduction of the RPA duration from 90 days to 60 days (April 1 through 
May 31) was carried forward into subsequent modeling runs.  The 60 day duration reduced 
reservoir draw downs in drought years. 
 
April 28, 2009, and May 1, 2009.  Further adjustments to the proposed RPA were made to the 
April 28, 2009, simulations on May 1, 2009.  The May 1, 2009, simulations revised previous 
CALSIM II simulations done to date.  The base case run used the OCAP study 8.0 data from the 
June 28, 2008, simulation conducted by Reclamation.  This run used the 2030 level of 
development (LOD), required no minimum in-stream flows at Vernalis, and constrained the 
exports at the Tracy and Banks facilities to D-1641 standards and rarely to (b)(2) based actions.  
Demands on water use in the San Joaquin Basin are based on the current land use patterns.  An 
updated (less demanding) water salinity relationship for Vernalis was used in this version of the 
base case OCAP 8.0 simulation.  Additional water for water quality needs at Vernalis were 
allocated on an as needed basis, except in the driest years, when allotments were relaxed.  
Dissolved oxygen (DO) requirements were supposed to be relaxed in critically dry years, but the 
simulation code was reversed in the base OCAP 8.0 run and relaxed the DO standard to the 
environmental surrogate flow of 200 cfs on the Stanislaus River at Ripon during the June to 
September period in normal years.  This base case representation of OCAP 8.0 is used in this 
simulation and subsequent simulations to represent the BA modeling runs.  The files are named 
Compare3runs_20090501. 
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The alternative 1 case is a modification of the OCAP 8.0 base case run.  It has th esame 
parameters except for these modifications.  The simulation removes the cap on non-flood flows 
on the Stanislaus River.  Currently flows are capped at 1,500 cfs to prevent downstream seepage 
into the riparian orchards and properties adjoining the river.  In addition, the DO allocation 
problem as described above was fixed.  Allocations of water to meet Vernalis flow requirements 
were revised from zero allocations to the following criteria: 
 

Water Supply Parameter (WSP) 
(taf) 

Annual Allocation to Water Quality Control 
Plan Flows (taf) 

0-1000 0-0 
1000-1399 0-120 
1400-1724 120-240 
1725-1999 240-400 
2000-2177 400-9999 (unlimited) 
2178-2386 Maximum amount 
2387-2761 Maximum amount 
2762-6000 Maximum amount 

 
The second alternative simulation run (Alt 2 = Alt 1 + NOAA Stan & VNS RPAs) includes the 
modifications in alternative 1 with the following changes.  The "high drop" modification to the 
Stanislaus River flow was incorporated into the alternative.  It has the following parameters; 
 

Water Supply Parameter (WSP) 
(taf) 

Annual Allocation to in-stream flows on the 
Stanislaus River (taf) 

0-1000 0-98.9 
1000-1399 98.9-98.9 
1400-1724 185.3-185.3 
1725-2177 234.1-234.1 
2178-2386 346.7-346.7 
2387-2761 455.3-455.3 
32762-6000 557-557 

 
 
Allocations of water from New Melones reservoir for Vernalis flows under the Water Quality 
Control Plan (WQCP) were increased from zero to unlimited in all but the driest years.  The 
Vernalis minimum in-stream flows include the D-1641 base flows, VAMP pulse flows, and the 
proposed NMFS Vernalis RPA which included elevated flows from April 1 - May 31 with the 
following flow criteria: 
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Water Year Type based on the San Joaquin 
Basin Index 

Minimum Flows at Vernalis in cfs 

Wet 6000 
Above Normal 6000 
Below Normal 4500 

Dry 3000 
Critical 1500 

 
The effects of the changes in the two alternatives are readily apparent when examining the 
annual storage of New Melones reservoir.  The simulation for alternative 1, which is a modified 
base case simulation for OCAP's run 8.0, showed consistently lower storage for New Melones 
reservoir over the 81 year simulation period.  Alternative 1 was able to mimic the trace of the 
base case and refill the reservoir in wet years to essentially the same levels as the base case 
simulation.  During dry conditions, the alternative 1 simulation allocated more water downstream 
and the reservoir pool did not recover as much as the base case the following year.  This 
indicates that the modified base, with the corrections explained above, utilized the reservoir 
storage more frequently than the base case simulation. 
 
The second alternative simulation run, which incorporated the additional water demands, 
depleted the reservoir storage in New Melones to an even greater extent than alternative 1 did.  
Alternative 2 incorporated the additional releases from New Melones required to meet the 
proposed Stanislaus River RPA as well as the Vernalis RPA flow requirements.  The additional 
water demands required to meet the flow criteria in the Stanislaus River below Goodwin Dam 
and at Vernalis on the SA Joaquin River resulted in consistently lower reservoir storage levels 
than seen in the base case or alternative 1.  The greater drawdown effects of the combined RPAs 
are clearly evident in dry year cycles.  Reservoir storage has been drawn down below 250 taf in 3 
of the drought cycles observed in the 81 year period of record for the simulation.  The cascading 
effect of the severe drawdown in each drought cycle is also evident.  The reservoir is unable to 
fill to the levels observed in the base case simulation since with each subsequent dry year the 
storage starts out lower and fails to catch up with either the base case or alternative 1 scenario. 
 
Storage at New Don Pedro reservoir and at New Exchequer resrvoir appear to be unaffected by 
the two alternative simulations.  Since actions are focused on the Stanislaus River, it is not 
unexpected that storage levels would remain unaffected following implementation of the 
alternative RPAs in New Don Pedro or New Exchequer reservoirs. 
 
Flows on the Stanislaus River below Goodwin dam are predominantly composed of releases for 
fish and for Vernalis Water Quality Control Plan requirements.  Additional releases may be 
made for DO compliance at the Ripon monitoring gage and to reduce salinity as measured by 
electrical conductivity at Vernalis. 
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Minimum in-stream flow requirements at Vernalis were typically made up by the releases under 
the two alternatives.  Failure to meet the Vernalis minimum in-stream flow requirement occurred 
infrequently, typically occurring in drought years in the 1970s and 1980s.  
 
May 8, 2009.  Additional, comparative simulations were run on May, 8, 2009.  These runs 
compared several different combinations of CALSIM II runs which used different variations of 
the OCAP study 8.0, Stanislaus fish action releases from Goodwin Dam, and revised Vernalis 
RPAs.  There were 5 files generated for these comparisons.  The 5 files are: 
CompareManyRuns4NOAA_20090508.xls¸Compare3runs_w20090430run.zip, 
Compare3runs_w20090508run.zip, Compare3runs_w20090507run.zip, and 
Compare3runs_w20090506run.zip. 
 
The file Compare3runs_w20090430run.zip used the Stanislaus "high drop" RPA with the water 
year based Vernalis minimum in-stream flow requirement (wet = 6000 cfs, above normal = 6000 
cfs, below normal = 4500 cfs, dry = 3000 cfs, and critical - 1500 cfs) with an off ramp for 
drought conditions.  The off ramp used the sum of the past three consecutive water years; based 
on the San Joaquin River basin Index, to determine if the flows requirements would be relaxed.  
If the sum of the past three consecutive years was less than 6, then flows were relaxed to 1500 
cfs to conserve water in the reservoir.  This run is referred to as "NOAA HiDrop/WYT VNS." 
 
The file Compare3runs_w20090506run.zip uses a Stanislaus River "high drop" RPA with a 
Vernalis flow RPA linked to the New Melones reservoir water supply parameter (WSP).  The 
WSP is equal to the New Melones storage in February plus the predicted inflow from March 1 to 
September 30.  The following table conveys the details of the flow categories under this RPA. 
 

New Melones WSP (taf) Vernalis Flow requirements (cfs) 
0-499 0 cfs 

500-1399 1500 cfs 
1400-1999 3000 cfs 
2000-2499 4500 cfs 
2500-2999 6000 cfs 
≥ 3000 6000 cfs 

 
This particular arrangement of water storage levels and Vernalis flows is referred to as 
"WSPVNS (high) and the run is named "NOAA Hidrop Stan/WSPVNS (high). 
 
The third simulation in the comparison is the file Compare3runs_w20090507run.zip compiled on 
May 7, 2009.  It also uses the "high drop" Stanislaus River flow RPA criteria.  The Vernalis flow 
requirements are a modification of the previous "WSPVNS (high)" relationships.  This version 
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has lower flow criteria in all years except wet years.  It was designed to put less demand on New 
Melones reservoir storage.  The following table shows the WSP and flow relationship for the 
modified Vernalis RPA. 
 

New Melones WSP (taf) Vernalis Flow requirements (cfs) 
0-499 0 cfs 

500-1399 1500 cfs 
1400-1999 1500 cfs 
2000-2499 3000 cfs 
2500-2999 4500 cfs 
≥ 3000 6000 cfs 

 
This Vernalis flow RPA is called "WSPVNS(low)" and the run is named "NOAA(hi drop) Stan/ 
WSPVNS (low)". 
 
The fourth simulation used in this set of comparisons is Compare3runs_w20090508run.zip.  This 
particular simulation run used the Stanislaus River "low drop" RPA criteria.  The "low drop" 
differs from the "high drop" in that slightly higher allocations are made to in-stream flows when 
New Melones reservoir has more storage: 461.7 taf versus 455.3 taf at a WSP of 2387-2761 taf 
and 586.9 taf versus 557.0 at a WSP of 2762 - 6000 taf.  This reduces the drop in stream flows 
on the Stanislaus River during ramping down actions following higher flows.  It is designed to 
minimize stranding issues and protect out migrating salmonids, including threatened Central 
Valley steelhead.  This simulation also utilizes the "low flow" Vernalis option (WSPVNS [low]) 
for setting the minimum in-stream flow requirements for the San Joaquin River at Vernalis.  This 
simulation is called "NOAA (low drop) Stan/ WSPVNS (low)". 
 
The overall comparison looked at the six different alternatives, which include the four runs just 
described, in addition to the base case OCAP 8.0 simulation and the modified OCAP 8.0 with 
fixes simulation.  Each of the simulations provided information on reservoir storage at New 
Melones, New Don Pedro, and New Exchequer reservoirs, releases from Goodwin Dam to the 
Stanislaus River, identifying the relative contribution of different "sources" of water to the 
Stanislaus releases, CALSIM II modeling of Goodwin Dam releases (i.e., flows), and finally 
flows at Vernalis.  Interpretation of results was used to assess the differences between the RPA 
options modeled in these comparisons. 
 
The results of the comparisons indicate that the most "aggressive" use of New Melones occurs 
with the "NOAA hidrop Stan/WYTVNS" simulation.  This RPA scenario depleted storage 
frequently during the dry year sequences in the 81 year time frame.  Reservoir storage fell below 
250 taf during most dry year cycles ('31, '49, '64, the early 90s, and 2002).  The two simulations 
that were most conservative in use of the New Melones storage were the NOAA hidrop 
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Stan/WSPVNS (low) and NOAA lo drop Stan/WSPVNS (low).  These two simulation runs 
provided almost identical traces of annual storage for New Melones over the 81 year period of 
the simulation.  The two RPA scenarios consistently had higher reservoir storage levels than 
either the NOAA hidrop Stan/WYTVNS run or the fourth scenario "NOAA hi drop Stan/WSPVNS 
(high)except for the low points in 1933 and 1992.  This too is to be expected as the WYTVNS 
and WSPVNS (high) alternatives make greater use of the storage capacity available in New 
Melones (see figure 12).  This is reflected in the simulations of river flow below Goodwin dam 
and flows at Vernalis. 
 
Figure 12:  Simulated end-of-month storage for New Melones Reservoir from 1921 to 2002 for the May 8, 
2009, comparison of four alternative RPAs. 
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There were no obvious difference between any of the 6 simulations in the reservoir storage 
patterns in New Don Pedro and New Exchequer.  This was not unexpected as the Stanislaus 
River and New Melones to meet RPA conditions. 
 
The hidrop/WYTVNS simulation consistently had different releases at Goodwin Dam compared 
to either the high drop/WSPVNS (high), high drop/WSPVNS(low), or low drop/WSPVNS(low) 
simulations.  Both magnitude of peaks and the frequency of higher releases were greater for the 
water year type Vernalis flow RPA than the Vernalis flow schedules tied to the New Melones 
water supply parameter.  This is reflected by the greater reservoir draw downs already observed.   
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The graphics representing Vernalis flow requirements also indicated that the WYTVNS flow 
RPA had greater minimum in stream flow requirements tied to the New Melones water supply 
parameters.  This was particularly evident in the non-wet years when the storage volume 
parameters in New Melones reduced flow requirements to a greater degree than the water year 
type controlled Vernalis flow RPA. 
 
May 14, 2009.  The series of Ecosim simulations run on May 14, 2009, (NOAA_draft_VNS-to-
Exp_RPA_analysis_Runs917_A1_D3_D4-&_Hist_20090514) utilized the base case Run 917 
A01 as well as 2 RPA alternatives to represent potential future scenarios.  The base case 
simulation had no minimum in-stream flow requirements at Vernalis and Tracy and Banks 
export fcilities were constrained by D-1641 water quality control plan requirements and some 
(b)(2) elements.  Level of development is approximately the current LOD, with full contract 
demands being made in the San Joaquin Basin.  The Stanislaus River major diverters (Oakdale 
Irrigation District [OID] and South San Joaquin Irrigation District [SSJID]) are shorted water in 
dry years based on inflow into New Melones reservoir.  Stockton East Water District (SEWD) 
deliveries are part of OID demand.  The full contract demands on the Tuolumne River (Modesto 
Irrigation District [MID] and Turlock Irrigation District [TID]) and the Merced River (Merced 
Irrigation District [MeID]) are shorted 25 percent in dry years and 50 percent in critical years.  
Dilution flows for salinity control at Vernalis are included in the base run.  This run is very 
similar to the base case OCAP 8.0 simulation run. 
 
The two alternative RPA simulations used the base case information and added new parameters 
to it.  Alternative 1 (NOAA_Run_917_D03) uses the water year typing to set the Vernalis 
minimum instream flow requirements for April and May.  Briefly, wet and above normal years 
have 6000 cfs minimum instream flow requirements at Vernalis, 4500 cfs for below normal 
years, 3000 cfs for critical years, and 1500 cfs for critical years.  This version of Vernalis flow 
RPAs also includes the off ramp action for third year drought events.  Exports are held at 1500 
cfs for April and May.  Stanislaus River flows below Goodwin Dam are in accordance with the 
CDFG fish flow schedule.  Stanislaus River diverters (OID and SSJID) are shorted 25 percent in 
critical years.  Alternative 2 (NOAA_Run_917_D04) is the same as the base run (917 A01) and 
includes the Vernalis water year type flow RPA described for alternative 1 above.  Stanislaus 
diverters are also shorted 25 percent in critical years in this alternative.  The main difference 
between alternative 1 and alternative 2 is the change in Stanislaus River flows below Goodwin 
Dam which incorporates the April 28, 2009, version of this RPA. 
 
There are no obvious differences between alternative 1 and alternative 2 in the annual storage of 
water in New Melones reservoir.  Both alternatives draw down New Melones in prolonged 
drought conditions but didn't drain the reservoir (note: except for the late 1980s drought that 
drained the reservoir in the historical data simulation run as well as the three Ecosim runs, A01, 
D03, and D04).  The greater utilization of reservoir storage water to meet the Stanislaus River 
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and Vernalis flow requirement is clearly represented by the difference between the base case 
(emulating the OCAP study 8.0 runs) and the two alternative cases which include versions of eh 
RPA requirements.  Larger draw downs also affect the ability to refill the reservoir in the 
following winter and spring runoff period (see figure 13). 
 
There appears to be minimal effects of the two alternative runs on the storage levels in either 
New Don Pedro Reservoir or New Exchequer Reservoir.  The base case and two alternative runs 
tracked very closely with one another, but with both alternative 1 and 2 tracking slightly lower 
than the base case.  It is unclear why this occurs as no actions are occurring on the Tuolumne or 
Merced Rivers that would not occur in all three runs (shorting of deliveries in dry and critical 
years). 
 
In the simulations for Stanislaus River operations, alternatives 1 and 2 slightly lower water 
delivery to the major diverters by the 25 percent as required in critical years.  Deliveries are 
approximately three times higher in volume than flows released to the river from Goodwin Dam.  
Most of the water released into the Stanislaus River is derived from water required for fisheries 
purposes, Vernalis water quality requirements, or for maintaining the DO levels at Ripon.  The 
total flow released into the Stanislaus River from Goodwin dam is the sum of all of the required 
releases.  In the two RPA alternatives, releases for fish purposes occur more frequently, and 
release greater amounts of water than the other sources of water (e.g., water quality or DO).  
During the summer months when releases for water quality occur more frequently, the two RPAs 
also released more water for in-stream fishery purposes than was observed in the base case 
simulations. 
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Figure 13:  Simulated end -of -month storage for New Melones Reservoir from 1921 to 1993 for the May 14, 
2009, comparison of runs A01, D03, and D04. 

 
When comparing the simulated base case (OCAP 8.0) with the two alternatives, annual 
combined exports were always higher in the base case.  Differences were greatest in the wet 
years when RPAs did not restrict exports in the base case.  This allowed more water to be 
pumped than under the restrictions imposed by the Vernalis RPAs (see figure 14). 
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Figure 14:  Combined annual export volumes for the Tracy and Banks facilities by water year type for the 
period 1922 to 1994.  Comparisons of runs 917 A01, 917 D03, and 917 D04. 
 
The two alternative simulations reduced annual exports approximately 4 to 5 percent based on 
the probability of exceedance plot.  The differences between the base case run (917 A01) and the 
two alternative runs (917 D03 and 917 D04) are less at lower export levels and greater at higher 
export levels (see figure 15). 
 
The plot of monthly average exports shows that from October through March, differences in 
exports between the base case run (917 A01) and the two alternative RPA runs (917 D03 and 
917 D04) are minimal.  The largest difference occurs in April and May when the export 
curtailments under the WYT Vernalis RPA reduce exports to a minimum of 1500 cfs (as 
modeled).  Exports increase significantly in June in both the base case, and in the two alternative 
simulations (see figure 16).  The simulations indicate that exports increase from approximately 
90 taf per month in April and May (1500 cfs) to approximately 400 taf in June and 480 taf in 
July (6700 cfs and 8000 cfs, respectively).  Conversely, the base case has exports of only 360 taf 
in June (6000 cfs) and 415 taf in July (6900 cfs).  The base case exports remain below those for 
the two alternatives through august and September, indicating that the CVP and SWP are making 
up for the April and May export reductions during the June through September period. 
 
The average annual export volumes by water year type indicate that the two alternative 
simulations (D03 and D04) are always less than the base case.  The differences are greater in wet 
and above normal water year types, when the difference in export volume is approximately 7 to 8 
percent.  In drier water year types, the percentage difference decreases, until there is essentially 

 



 36

no difference in critical water year types.  The average over all water year types is approximately 
4.7 percent. 
 

 
Figure 15:  Exceedance plot for the annual combined export pumping from the Tracy and Banks facilities for 
simulation runs 917 A01, 917 D03, and 917 D04. 
 
The minimum instream flow requirements at Vernalis were modeled for the 917 A01 (base case), 
917 D03, 917 D04, and the CALSIM II run 2005A01A.  In nearly every year, the flows required 
for the Vernalis minimum in-stream flow requirement were met under the base case scenarios.  
When the base case did not meet the minimum requirements, the alternative runs (917 D03 and 
D04) made up the difference.   
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Figure 16:  Monthly average combined exports for the CVP and SWP for simulation runs 917 A01, 917 D03, 
and 917 D04 (May 14, 2009). 

 
The inflow to export ratios for the Vernalis RPAs indicate that in March, sufficient flow is 
available to have inflow to export ratios greater than 1 in most years.  The proposed RPAs 
continue this trend in April and May, while the base case run (917 A01) illustrates how export 
pumping exceeds San Joaquin River inflow and ratios are frequently below 1:1 (inflow equals 
exports).  By June, when export curtailment ends and the CVP and SWP are allowed to export 
more, the ratio falls below the 1:1 inflow to export ratio in most modeled years (exports higher 
than the inflow volume). 
 
May 15, 2009.  Based on the findings of the May 14, 2009, simulations, additional computer 
simulations were run to compare the OCAP 8.0 baseline with 2 alternative cases.  The first 
alternative used the revised WQCP requirements for Vernalis and the "low drop" Stanislaus 
River RPA requirements.  The second alternative changed the modified Vernalis WQCP flows to 
an unlimited flow schedule except in the driest years.  The flow requirements included not only 
the Vernalis WQCP flows form D-1641, but also added VAMP pulse flows and the Vernalis 
flow standards from NMFS' Vernalis RPA.  This draft Vernalis flow RPA is the same as in the 
WSPVNS (high) simulation run on May 6, 2009, which use the New Melones water supply 
parameter to determine required Vernalis flows.  However, this RPA is meshed with VAMP in 
this simulation.  The RPA runs from April 1 through May 31.  From April 15 through May 15, 
the higher flow requirements from either the VAMP flow criteria or the WSPVNS RPA governs.  
Releases from New Don Pedro and New Exchequer reservoirs continue per the VAMP 
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agreement as needed to reach target flows between April 15 and May 15.  The file name for this 
comparison of alternative runs is "Compare3runs_w20090515run_v20090515." 
 
New Melones Reservoir is operated more aggressively under alternative 1 and alternative 2 than 
under the base case run emulating the OCAP study 8.0 simulation.  However, as indicated in the 
background notes for this series of comparisons, the OCAP study 8.0 simulation was initially 
flawed due to a lack of Vernalis WQCP flows, and reversal of the coding for the Ripon DO 
criteria.  This made the OCAP 8.0 base case more conservative in its use of reservoir storage 
water from New Melones, since it did not accurately reflect the releases needed for water quality 
and DO levels downstream.  Both alternative 1 and 2 in this simulation draw down New Melones 
to approximately 250 taf in the early 1930s drought.  Alternative 2 (plus Vernalis RPA) draws 
down New Melones storage in dry periods to a greater extent than alternative 1, reflecting the 
greater demands on water resources to meet the Vernalis flow criteria.  As a consequence of 
these greater depletions on storage volume, subsequent refilling of the reservoir does not reach 
the levels achieved under the base case condition with the same volume of inflow.  Complete 
reservoir refilling occurs in only the very wet years under alternative 2, indicating the greater 
available storage volume in the reservoir at the end of the water year. 
 
As seen in earlier simulation runs, the effects of the proposed RPAs for the Stanislaus River and 
Vernalis flow requirements do not have any apparent effect on New Don Pedro or New 
Exchequer reservoirs.  The trace for the reservoir storage for the base case without RPAs is 
essentially identical to the traces for the two alternative runs with the Stanislaus River and 
Vernalis RPAs. 
 
The simulations indicate that by incorporating the Vernalis flow requirements, increased water 
releases for fish on the Stanislaus River are diminished in frequency.  This is due to the reduced 
storage levels available in New Melones Reservoir under the conditions of alternative 2.  The 
increased demand on reservoir water to meet the Vernalis flow requirements in alternative 2 
reduces the end of year storage in the reservoir.  As previously described, this reduces the 
subsequent year's storage volume and thus reduces the water supply parameter for the next year.  
The lower water supply parameter influences the volume of water released for Stanislaus River 
fish flows under the Stanislaus River RPA.  This reduces the frequency that the necessary water 
supply parameters are reached to release the higher in-stream flows (Figure 17) and shifts the 
exceedance plot to the right (yellow line).  
 
The simulation comparisons also indicate based on a monthly average, that substantially greater 
releases are made from Goodwin Dam in April and May under the second alternative than under 
the base case or alternative 1 (figure 18).  This is due to the increased flow requirements in April 
and May to comply with the Vernalis flow RPA.  This enhances fish migration downstream and 
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increase flows in the main stem of the San Joaquin River (as measured at Vernalis) which 
enhances fish survival and migration into the Delta. 
 
The frequency of meeting the Vernalis flow requirements were presented in an exceedance 
probability graph for April and May (see figure 19).  The two months had essentially identical 
traces for the probability of exceedance.  Flows at or above 6000 cfs accounted for 
approximately 25 percent of the time, based on the exceedance plots. 
 
Figure 17:  Exceedance plot of annual Stanislaus River fish allocations according to alternative 1 and 
alternative 2. 
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Figure 18: Monthly average flows on the Stanislaus River based on Goodwin Dam releases for the simulated 
runs for alternative 1 and alternative 2. 
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Figure 19:  Exceedance plot for flows at Vernalis for the months of April and May (May 15, 2009 simulation). 

 
 

 
The May 15, 2009, simulation also compared average monthly flows at Vernalis over the 1922 to 
2003 period of record.  Overall the three runs have similar behavior in seasonal flow patterns.  A 
significant difference between the base case run and alternative 2 is the period in which peak 
flows occur at Vernalis.  Under the base case, peak flows at Vernalis (≈ 6500 cfs) occur in 
February, then begin to gradually decline through May before dropping sharply in June.  
Alternative 2 peaks in April and May (≈ 6000-6700 cfs) before sharply dropping in June.  The 
later peak in flows overlaps with the observed peaks in steelhead emigration at Vernalis and 
sustains higher flows through the February through May period.  The base case peaks in 
February, which is earlier than the peak of steelhead migration and is too early for steelhead 
smolts to use effectively, as most fish are still above Caswell on the Stanislaus River according 
to rotary screw trap data.  The median date for steelhead to pass through Caswell is early March 
(figure 20). 
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Figure 20: Average monthly flows at Vernalis for the simulated Alternative 1 and Alternative 2 runs (May 15, 
2009 simulations) 
 

 
 
Long term operations of the project were assessed in the computer simulations carried out on 
May 19, 2009.  The file name is 
"NOAA_draft_VNS_to_Exp_LT_RPA_analysis_run917_A1_F2_E2_&_HIST_20090519."  The 
base case is the same as in the May 14, 2009, simulation.  Alternative 1 (917 F02) uses the 
minimum instream flow requirements from May 4, 2009, and decreases deliveries to OID and 
SSJID by 25 percent in critical years.  Alternative 2 (917 E02) is similar to the base case (917 
A01) except that the WYT VNS RPA is used to determine Vernalis minimum instream flows 
and the "off ramp" to 1500 cfs is in place when the sum of the current water year and the past 
two water years indices using the 60-20-20 San Joaquin Basin index sums to 6 or less.  The April 
and May Vernalis RPA flow requirements replace the VAMP flow objectives in the long term 
modeling and upstream reservoirs are modeled to use dynamic sharing based on reservoir 
conditions.  The minimum instream flow requirements on the Stanislaus use the May 4, 2009 
RPA (low drop).  These same parameters were carried forward to the final long term simulation 
for the Stanislaus and Vernalis RPAs under the file name: 
(NOAA_draft_VNS_to_Exp_LT_RPA_analysis_run917_A1_F2_E2_&_HIST_20090529." 
 
New Melones Reservoir storage is operated more opportunistically and aggressively than the 
base case and hence has greater storage depletions than the base case.  This also means that 
recovery of storage volumes is less likely to occur during the subsequent refilling phase the next 
spring.  This is the tradeoff between providing more water for instream flows on a regular basis 
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or maintaining reservoir carry over for dry years see Figure 21).  The reservoir storage dropped 
to a low point during the early 1930s drought of 102 taf (simulated) under the simulated Vernalis 
RPA, while the Stanislaus River RPA dropped to 169 taf.  The base case low point for the same 
time point was 434 taf.  Similar trends are seen in the late 1940s drought, the early 1960s 
drought, and the drought in the mid 1970s, where the base case reservoir storage remained above 
the Stanislaus River and Vernalis RPAs 
 
Figure 21:  Annual storage at New Melones Reservoir simulated for the Long term implementation of the 
Stanislaus River and Vernalis RPAs 
 

 
 

Under the long term RPA actions there is a slight increase in the use of reservoir storage in New 
Don Pedro and New Exchequer reservoirs.  This is likely due to the dynamic operations of the 
basin reservoirs particularly during the prolonged dry periods.  Increased "sharing" between the 
basin reservoirs during dry periods was simulated in the long term modeling. 
 
The combined exports of the Tracy and Banks facilities were also modeled.  As seen in earlier 
simulations, exports were very similar during the period between October and March.  
Differences in the export rates became obvious in April and May when the Vernalis RPAs 
curtailed exports to 1500 cfs combined pumping.  After May, the export rates for the Vernalis 
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RPAs remained elevated over the base case and Stanislaus levels until October.  There was very 
little difference between the export rates for the Stanislaus RPA and the base case simulation 
(see figure 22).  The reduced exports in April and May are a direct result of the protective actions 
taken by the Vernalis RPA to minimize exposure of emigrating fish in the San Joaquin Basin to 
the effects of the export pumps as they move from the lower San Joaquin River into the delta 
region.  The drop in monthly exports from 296 taf to 81 taf in April represents a 73 percent 
reduction in exports.  The reduction in May is from 244 taf to 90 taf, a 67 percent drop in the 
monthly exports level. 
 
Figure 22:  Average monthly export rates for the Tracy (CVP) and Banks (SWP) export facilities for the base 
run and two RPA simulation runs over the 73 year period of comparison. 

 
 

As seen in earlier comparisons, the percentage of reduction in annual exports is greater during 
wet and above normal water year types for the Vernalis RPA.  Annual export reductions are 
lower in drier years and are essentially equivalent in critically dry years to the base case.  The 
Stanislaus RPA has annual export rates that are equivalent to the base case in all water year types 
as the RPA does not restrict exports in its implementation.  Annual export reductions range from 
a maximum of 7 percent during wet years to 1.2 percent in critically dry years.  The average 
reduction in exports attributed to the Vernalis RPA over all water year types is 4.5 percent (see 
Figure 23).  The reduction in exports is also conveyed by the exceedance plot for annual exports.  
The wet years would be represented by the right side of the graph, where base line exports are 
higher and the difference between the baseline trace and the Vernalis RPA trace are greatest.  
The maximal level of annual exports (1 percent exceedance) is 7441 taf under the base case 
conditions.  The Vernalis RPA reduces this by 10 percent to 6700 taf exported annually.  The 
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Stanislaus RPA has an equivalent level of maximum annual export to the base case for the 
reasons already stated.  This plot illustrates that the protective action of the Vernalis export 
reduction only has a maximal cost of 10 percent export reduction in 1 percent of the years.  It is 
typically less than this, and is only 5.25 percent less at the 50 percent exceedance level (see 
figure 24). 
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Figure 23:  Annual export levels across water year types for the base case and the Stanislaus and Vernalis 
RPAs simulated for the long term implementation of the RPAs. 
 

 
 

Figure 24:  Exceedance plot for the annual export volume of the combined Tracy (CVP) and Banks (SWP) for 
the base case and the Stanislaus and Vernalis RPAs for the long term implementation of the RPAs. 
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The long term modeling of the implementation of the Stanislaus and Vernalis RPAs also 
assessed the flows at Vernalis.  The Vernalis flows implemented under the proposed long term 
RPA peak from February through May.  The flows under the long term Vernalis RPA remain 
higher than the flows under the base case and Stanislaus RPA during April and May, providin
additional benefits to emigrating steelhead (as well as other salmonids such as fall-run Ch
salmon) in the basin.  The flows in the base case, Stanis
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arply in June, although the Vernalis RPA flows still maintain a slightly elevated level 

e 

 
 

he 

fish 
eased 

 

sed exports in June are demonstrated and reduced San Joaquin 
River flows are indicated.  Please see figure 26, 27, and 28 for depictions of the inflow to export 
ratios in March April, and June. 

sh
compared to the base case and Stanislaus conditions.   
 
In addition to the flow rates, the Vernalis RPA also increases the inflow to export ratio during th
April and May.  The model simulation shows the changes that occur as the flows are increased 
during the March through May period with the concurrent export reductions in April and May. 
As an example, the March Inflow to export ratio indicates that exports are approximately equal
to inflow with the inflow to export ratio fluctuating around "1."  Conversely in April when t
exports are reduced to 1500 cfs and the ratio portion of the RPA is implemented, the inflow to 
export ratio for the Vernalis RPA substantially increases above "1" indicating that flows at 
Vernalis are greater than the level of exports.  This condition is designed to be protective of 
emigrating through the lower portion of the San Joaquin River basin where they are at incr
risk to entrainment at the pumps or diversion into one of the channels leading to the export 
facilities.  This risk has been described earlier in this document.  In June, when the export 
curtailment is lifted, the ratio of inflow to exports drops sharply below "1" indicating that exports
are greater than the flows in the San Joaquin River at Vernalis.  This has been identified in the 
figures 22 and 25 in which increa

 



 48

 
Figure 25:  Simulated annual monthly averages of flow at Vernalis for the base case, Stanislaus RPA, 
Vernalis RPA, and CALSIM 2005A01A simulations for the 73 year period between 1922 and 1995. 

 
Figure 26:  Vernalis Flow to export ratios for the month of March comparing the base case simulation with 
the simulations for the Stanislaus RPA and the Vernalis RPA. 
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Figure 27:  Vernalis Flow to export ratios for the month of April comparing the base case simulation with the 
simulations for the Stanislaus RPA and the Vernalis RPA. 
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Figure 28:  Vernalis Flow to export ratios for the month of June comparing the base case simulation with the 
simulations for the Stanislaus RPA and the Vernalis RPA. 

 
 
 

In addition to the long term RPA actions, NMFS modeled the interim RPA actions for the 
Stanislaus River actions and the Vernalis actions.  Interim operations of the project were 
assessed in the computer simulations carried out on May 20, 2009.  The file name is 
"Compare4runs_w20090515run_ver20090520."  The base case is the same as in the May 15, 
2009, simulation using the USBR OCAP 8.0 baseline data.  In addition to the base case, a 
modified OCAP 8.0 was developed as an alternate base case that included water releases for the 
Vernalis WQCP, water releases for the CDFG fish plan that were revised to follow the two-year 
workbook used as guidance by the USBR operators, the water supply parameter is redefined to 
be the Interim Operations Plan criteria which uses February New Melones storage + forecasted 
March through September inflows, removal of the cap on non-flood flows above 1500 cfs on the 
Stanislaus River and fixing the DO coding reversal.  The Stanislaus River RPA uses the "low 
drop" criteria as modified on May 4, 2009.  The Vernalis RPS uses the water supply parameters 
for New Melones storage and the flow schedule used in the May 6, 2009, simulations, i.e., the 
WSPVNS (high) parameters.  These same parameters were carried forward to the final interim 
simulation for the Stanislaus and Vernalis RPAs under the file name:  
(Compare4runs_w_20090515run_ver-20090529). 
 
New Melones Reservoir is operated opportunistically in the interim period too.  Like the long 
term operations it is also drawn down during drought periods, but to a lesser degree.  The 
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modified OCAP 8.0 base case draws more water out of the reservoir as is expected due to its 
increased releases of water for water quality purposes and fishery needs.  The low point during 
the 1930s drought is less for the interim period, which may indicate a less aggressive use of 
water due to the use of the water supply parameters instead of the water year type to implement 
the Vernalis RPAs.  Figure 29 shows the New Melones annual storage for the interim simulation.  
As previously discussed the more opportunistic use of the storage water in New Melones 
provides additional water annually, but impedes the refilling of the reservoir to a full capacity.  
This increases risks during a drought cycle when low carryover storage is carried from one year 
to the next. 
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Figure 29:  Annual storage at New Melones Reservoir simulated for the interim implementation of the 
Stanislaus River and Vernalis RPAs. 
 

 
 

Under the interim simulation there are no discernable differences between the four runs in the 
traces of the annual storage in either New Don Pedro or New Exchequer reservoirs.  This is not 
unexpected as the RPAs for the Stanislaus River and Vernalis do not affect operations on these 
two reservoirs. 
 
The implementation of the Vernalis RPA affects the release of water from Goodwin dam as 
already discussed in the long term RPA section.  Increased use of storage water reduces the 
amount of annual carry over water in the reservoir, thereby reducing the water supply parameter 
index for the next year.  This in turn reduces the frequency that additional water can be released 
under the Stanislaus River RPA for fishery purposes (figure 30).  The reduction in the water 
supply index shifts the curve to the right (yellow trace).   
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Figure 30:  Exceedance plot of annual Stanislaus River fish allocations according to the interim Stanislaus 
RPA and Vernalis RPA. 
 

 
 

The average monthly releases from Goodwin Dam are increased under the interim Stanislaus and 
Vernalis RPAs.  More water is released under the Stanislaus River RPA from October through 
March compared to the Vernalis RPA, but he later releases more water from April through June.  
Both RPAs release more water than either the OCAP base case or the modified OCAP base case.  
This enhances environmental conditions in the river for steelhead and other salmonids such as 
Fall-run Chinook salmon (See figure 31). 
 
Flows at Vernalis increase under the interim RPA for Vernalis and to a lesser extent under the 
Stanislaus River RPA.  These increased flows enhance environmental conditions for emigrating 
fish in April and May.  The average flows at Vernalis exceed 6000 cfs from February through 
May with an increasing trend through May before dropping sharply in June.  A similar pattern 
was seen in the long term RPA simulation (see figure 32).  The median values for Vernalis also 
show increased flows during the same time period; however the flows are lower, particularly in 
February and March when the median value is only about 3500 cfs rather than the 6000 cfs value 
seen in the figure depicting average flows at Vernalis (see figure 33).   
 
The flow exceedance plot for Vernalis is similar to the long term exceedance plot.  For the 
months of April and May flows are at least 6000 cfs for approximately 28 percent of the time 
(Vernalis RPA), 20 percent of the time flows are 4500 cfs (Vernalis RPA) and 7 percent of the 
time it meets D-1641criteria of 3420 cfs.  Flows are 3000 cfs for 18 percent of the time (Vernalis 
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RPA), 2100 cfs (D-1641 criteria) and finally1500 cfs for 16 percent of the time (Vernalis RPA) 
(see figure 34). 
 
Deliveries to Stanislaus contractors during the interim period of the RPA implementation are 
depicted in figures 35 and 36.  Average annual deliveries to the major diverters (OID and SSJID) 
are decreased approximately 3 percent from 503 taf to 489 taf for the combined effects of the 
two RPAs.  Decreases to SEWD and CSJWCD are larger.  Deliveries decrease from 77 taf to 56 
taf for the combined effects of the two RPAs for a decrease of 22 percent. 
 
Figure 31:  Annual median release from Goodwin Dam to the Stanislaus River under the interim Stanislaus 
RPA and the Vernalis RPA 
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Figure 32:  Average annual flows at Vernalis for the interim RPAs for the Stanislaus River and Vernalis.   

 
 

Figure 33:  Median annual flows at Vernalis for the interim RPAs for the Stanislaus River and Vernalis.   
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Figure 34:  Exceedance plot for flows at Vernalis for the months of April and May for the interim Vernalis 
and Stanislaus RPAs. 
 

 
 

Figure 35:  Impacts to Stanislaus River Major diverters OID and SSJID) from the interim RPAs for the 
Stanislaus River and Vernalis. 
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Figure 36:  Impacts to junior diverters (i.e., SEWD, CSJWCD) on the Stanislaus River from the 
implementation of eh interim RPAs for the Stanislaus River and Vernalis. 

 
 

The impacts of the Stanislaus and Vernalis RPAs on the operations of project reservoirs, exports 
and delta hydrology were analyzed through CalLite computer simulations incorporating the 
USFWS delta smelt opinion as part of the baseline.  The effects of the Stanislaus and Vernalis 
RPAs are evaluated using the Old and Middle River flows (OMR) as part of the existing baseline 
for evaluating the additional impacts of the RPAs.  The baseline includes the 2030 LOD and no 
minimum instream flow requirements at Vernalis other than what is already imposed by D-1641.  
The exports by the Tracy and Banks facilities are constrained by the existing D-1641 standards 
and the OMR restrictions defined below: 
 
60-20-20 
Index 

Wet Above 
Normal 

Below 
Normal 

Dry Critical 

Dec -5000 -5000 -5000 -5000 -5000 
Jan -5000 -5000 -2500 -2500 -2500 
Feb -5000 -3500 -2500 -2500 -2500 
Mar -5000 -3500 -2500 -2500 -2500 
Apr -5000 -3500 -2500 -2500 -2500 
May -5000 -3500 -2500 -2500 -2500 
Jun -5000 -3500 -2500 -2500 -2500 
 
For the long term analysis, the baseline (1641fwsBObase Long term) used in ECOSIM-W run 
917 A01 was used in defining the San Joaquin Basin assumptions 
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For the interim analysis, the baseline used the same baseline restrictions as described above as 
well as the assumptions contained in the CALSIM II run "OCAP Future Study 8 modified 
20090520."  The OMR values listed in the above table are applicable to the interim baseline. 
 
The comparison of the long term Stanislaus and Vernalis RPAs with the December 15, 2008, 
USFWS delta smelt biological opinion's baseline uses the following factors in determining the 
minimum flow at Vernalis during the long term period of the RPA. 
 
• 2030 LOD  
• D-1641 requirement for water during non-pulse periods for water quality 
• Off ramp to 1500 cfs Vernalis flow if the sum of the current year's 60-20-20 San Joaquin 
 Basin index and the preceding two years indices are 6 or less.   

 
The Vernalis flow requirements for the long term RPA uses the water year type to determine the 
level of necessary flow in the San Joaquin River at Vernalis for the period between April 1 and 
May 31.  The flow levels are described in the following table. 
 

Water year type as defined by the 60-20-20 
San Joaquin Index 

Required Flow at Vernalis in cfs for the period 
between April 1 and May 31 

Wet 6000 cfs 
Above Normal 6000 cfs 
Below Normal 4500 cfs 

Dry 3000 cfs 
Critical 1500cfs 

 
The interim period for the implementation of the Stanislaus and Vernalis RPAs uses the same 
OMR flow schedule as depicted in the above table.  Interim Vernalis RPA flows are based on the 
New Melones water supply parameters according to the following table: 
 

New Melones WSP (taf) Vernalis Flow 
requirements (cfs) 

0-499 0 cfs 
500-1399 1500 cfs 
1400-1999 3000 cfs 
2000-2499 4500 cfs 
2500-2999 6000 cfs 
≥ 3000 6000 cfs 
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For the April 1 through April 14 and May 16 through May 31 periods, the Vernalis minimum 
flow requirement is the maximum of either the D-1641 required flow or the appropriate value 
from the above table.  For the April 15 through May 15 period, the Vernalis minimum flow is the 
maximum of either the targeted VAMP flow or the value in the table above.  New Don Pedro 
and New Exchequer reservoirs and the exchange contractors only release water to meet the 
VAMP objectives if needed per the VAMP agreement. 
 
The exports are influenced by the Stanislaus River and Vernalis RPAs.  The average impact to 
the Tracy exports is approximately -4.6 percent (median equal to -5.2 percent) or approximately 
130 taf per year based on the average values over the 82 year period covered by the simulations.  
This is graphically represented in figure 37. 
 
Figure 37:  Probability of exceedance plot depicting the annual difference between the baseline exports at 
Tracy under the USFWS Delta smelt BO and the NMFS RPAs for long term and interim actions 

 
 

The annual exports at Banks were similarly diminished in their magnitude by the new NMFS 
RPAs.  The impacts to Banks were slightly greater, with an average difference of -5.7 percent 
(median difference is -5.8 percent) or approximately 200 taf per year based on the average values 
over the 82 year period covered by the simulations.  This is graphically represented in figure 38. 
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Figure 38: Probability of exceedance plot depicting the annual difference between the baseline exports at 
Banks under the USFWS Delta smelt BO and the NMFS RPAs for long term and interim actions. 
 

 
 

The exceedance plot for the annual combined export rates indicates that the incorporation of the 
NMFS RPAs decreases the annual magnitude of combined exports at the Tracy and Banks 
facilities from that observed in the baseline conditions (see figure 39).  The largest decreases 
occur in the wetter years when combined exports are higher.  This is expected since the Vernalis 
export curtailments in April and May further decrease the level of exports beyond the baseline 
levels present under the USFWS biological opinion (see figure 40).  Combined exports are 
decreased approximately 60 percent in April and May from the baseline conditions depicted by 
the USFWS biological opinion baseline due to the implementation of the Vernalis RPA.  Export 
levels are not substantially different between the baseline and the NMFS RPAs during the other 
months of the year.  Differences are typically 5 percent or less during these other months.  
Individually, the state is affected more by the implementation of the NMFS RPAs.  This may be 
an artifact of the simulation coding in the CalLite program based on the assumptions made 
during the development of the code.  Figure 41 depicts the individual monthly export rates of the 
Banks and Tracy facilities in both the long term and interim simulations. 
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Figure 39:  Probability of exceedance plot depicting the annual difference between the baseline combined 
exports at Banks and Tracy under the USFWS Delta smelt BO and the NMFS RPAs for long term and 
interim actions. 
 

 
 

Figure 40:  Monthly average of combined exports from the Tracy and Banks export facilities comparing the 
implementation of the NMFS RPAs with the USFWS biological opinion baseline under long term and interim 
conditions.  
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Figure 41:  Comparison of monthly export rates for the Banks and Tracy export facilities for both the interim 
and long term NMFS RPAs and the USFWS Biological Opinion baselines. 
 

 
 

Vernalis flows are increased during the February through May period for both the long term and 
interim simulations.  Likewise, both the baseline and RPA simulations depict increases during 
this period.  The NMFS RPAs increase flows to a greater extent during the March, April, and 
May period than seen under the baseline condition.  The increased flows benefit out migrating 
steelhead while reductions in the April and May export rates provide additional protection to the 
fish from entrainment into the Delta export facilities and diversion into secondary channels 
leading towards the facilities.  In addition, the increased flows and reduced exports have created 
conditions in which the OMR flows in the channels of Middle and Old River become positive 
during the April and May period (see figure 42).  Furthermore, the indices of Delta outflow and 
Qwest have increased indicating an enhanced movement of water through the Delta system and 
westwards towards the ocean (see figures 43 and 44).  All of these parameters imply an enhanced 
environment for steelhead emigration to the ocean and a reduction in the vulnerability to the 
State and Federal export facilities.  Not only do San Joaquin Basin steelhead benefit from these 
hydrological conditions, but fish entering from the Sacramento River basin via Georgiana Slough 
incur benefits from the positive outflow, which moves them westwards towards the ocean.  
During the April and May time frame, Central Valley steelhead, Central Valley spring-run 
Chinook salmon, and Central Valley fall-run Chinook salmon are migrating into the Delta from 
the Sacramento River basin.  Negative flows are associated with increased vulnerability to 
diversion into the central and south delta waterways and an elevated potential of eventual 
entrainment at the export facilities. 
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As part of the modeling exercise, storage in the northern reservoirs operated by Reclamation and 
the State, impacts from the implementation of NMFS' San Joaquin RPAs were assessed.  Based 
on the simulations, there are no discernable effects on the carryover storage capacities of Trinity 
Reservoir, Lake Shasta, Lake Oroville reservoir, and Folsom Lake reservoir arising from the 
implementation of the San Joaquin RPAs (see figures 45, 46, 47, and 48).  However, south of 
Delta storage appears to be impacted by the implementation of NMFS' San Joaquin RPAs.  San 
Luis Reservoir is particularly vulnerable to the RPA implementation as it relies on the export 
facilities to provide water to it.  San Luis acts as a huge storage pond for the State and Federal 
water system, and allows the CVP and SWP to pump water from the delta when it is "available" 
and store it until it is called upon for delivery to clients south of the Delta (see figures 49 and 
50).  When the exports are curtailed in April and May, coupled with the export reductions 
already occurring due to the OMR flows, water deliveries to San Luis Reservoir decrease. 
 
Figure 42:  Response of Old and Middle River flows to the implementation of the Vernalis RPA 
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Figure 43:  Response of Delta outflow to the implementation of the Vernalis RPA. 
 

 
 
Figure 44:  Response of QWEST to the implementation of the Vernalis RPA. 
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Figure 45:  Simulated End -of-month Storage for Trinity Reservoir following implementation of the NMFS 
RPAs for the Stanislaus and Vernalis. 
 

 
 

Figure 46:  Simulated End -of-month Storage for Shasta Reservoir following implementation of the NMFS 
RPAs for the Stanislaus and Vernalis. 
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Figure 47:  Simulated end-of -month storage for Oroville Reservoir following implementation of the NMFS 
RPAs for the Stanislaus and Vernalis. 
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Figure 48:  Simulated end-of -month storage for Oroville Reservoir following implementation of the NMFS 
RPAs for the Stanislaus and Vernalis. 
 

 
 

Figure 49: Simulated end-of August storage for the CVP portion of San Luis Reservoir following 
implementation of the NMFS RPAs for the Stanislaus and Vernalis. 
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Figure 50: Simulated end-of June storage for the SWP portion of San Luis Reservoir following 
implementation of the NMFS RPAs for the Stanislaus and Vernalis. 
 

 
 
Current Status of Consultation 
Both the Bureau of Reclamation and DWR have strong initial opposition to the proposed RPA.  
DWR has indicated that the RPA is unfeasible as it currently written.  They have proposed 
alternative actions that NMFS has investigated.   
 
DWR proposed real time monitoring at Mossdale utilizing additional Kodiak trawling.  As 
previously discussed, recoveries of steelhead in the Mossdale trawl are a rare event and in many 
years only a handful of fish are recovered.  Given these rare recoveries of fish, an appropriate 
trigger to initiate flow increases or export reductions in a timely manner to protect outmigrating 
fish would be difficult to determine.  DWR has not specified in their proposed monitoring how 
the capture of fish in the monitoring program would be used to trigger such actions.  If in years 
when low numbers of fish are captured, protective measures would require actions to be 
triggered by "one fish" to ensure adequate actions are implemented.  Furthermore, outmigration 
of steelhead occurs over several months and it appears that low levels of fish are intermittently 
exiting the system during this time, based on the rotary screw trap data from the Stanislaus River.  
Therefore, what parameters would DWR suggest to indicate when the pulse of steelhead is 
exiting the system?  A broad period of water releases and export curtailments spanning several 
weeks to months would be more protective than the action suggested by DWR as it would 
protect a large segment of the steelhead population emigrating from the basin without relying on 
the efficiency and sensitivity of the trawling action to detect steelhead and trigger such actions. 
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DWR has also proposed relying on an experimental non-physical barrier (the bubble barrier 
concept) to replace the current rock barrier at the Head of Old River in lieu of the proposed RPA.  
They have also proposed installing such barriers in other channel bifurcations lower in the Delta 
where emigrating salmonids are vulnerable to diversion into the south delta and potential 
entrainment at the export facilities.  This barrier is still highly experimental.  It consists of 
behavioral barriers utilizing an air bubble curtain, light emitting diode strobe lights, and acoustic 
speakers which can emit sound energy tuned to frequencies to which salmonids are sensitive.  
The barriers have been tested in the lab and currently an experimental prototype is being tested in 
the Delta.  The current experimental prototype is being deployed under very low flow conditions 
(approximately 1,800 cfs) and its efficacy at higher flows is unknown.  While initial results are 
promising, it is not 100 percent effective at preventing fish from passing through it, even at these 
low flows.  The barrier concept has potential as a component of a larger and more diverse action 
to enhance survival of emigrating salmonids, but in its current state, it is still too uncertain to be 
relied on as the sole action for an RPA.  Further testing and analysis of its performance is 
warranted. 
 
Trapping and hauling of emigrating steelhead has been proposed as a potential alternative by 
Reclamation to move fish from the tributaries to the western Delta and avoid the exports entirely.  
Reclamation has indicated that a focused trap and haul program located on the Stanislaus (and 
potentially other tributaries) will serve as a bridge to future actions, allowing time to formulate 
such actions.  However, reclamation did not provide any specific details for this proposal nor 
how it would ultimately be implemented.  This suggestion has multiple drawbacks which can 
limit its ultimate success.  Placement of the trap would have to be located in a stream reach 
where capture of the entire or at least a significant proportion of the year's outmigration would 
occur.  Fish handled through the trapping, hauling, and release procedure would be subject to 
intrinsic morbidity and mortality from this action.  Reclamation has not identified this level of 
loss or what effects it would have to the small populations it impacts.  Furthermore, those fish 
that avoided trapping, would have to swim downstream through the terminal end of the tributary, 
presumably under lower flow conditions and thus incur higher losses.   
 
DWR has presented several modeling runs and analysis of data to support their opposition to the 
proposed RPA.  They have consistently objected to the use of Particle Tracking Models in the 
development and monitoring of the RPA, yet have not presented a better alternative to help in the 
development of the RPA.  DWR's reliance on the coded wire tag data developed during the 
VAMP experiments without fully describing the major limitations of that experiment confuses 
the interpretation of their results.  The recovery of the fish at Chipps Island represents but a 
fraction of the released fish, and may be biased towards certain behaviors, e.g., fast downstream 
migration, versus slow downstream migration behavior.  It also does not elucidate the behavior 
of fish between the release point and the recapture point, a major deficiency in determining the 
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potential fates of migrating fish and their vulnerabilities to different actions.  Slow migratory 
behavior would have a higher risk of loss due to variables such as predation or diversion, and 
thus would never be sampled at Chipps Island.  Recent acoustic tagging studies by Dave Vogel 
in support of the 2007 VAMP studies showed that tagged fish released upstream had faster initial 
downstream migration rates than those fish released farther down in the Delta.  Vogel surmised 
that the slower migratory rates in the Delta proper were due to the tidal oscillation in the delta 
waterways and that the upstream migration rates were due to the higher flow velocities in the 
river channels upstream of the delta.  Fish released at Mossdale or Durham ferry took about three 
to six days to reach the San Joaquin River near R16 (a channel marker near Headreach Cutoff 
and Ward Island).  Fish released in Old River downstream of the Head exhibited slower 
migration rates than those released in the San Joaquin River main stem.  This was attributed to 
slow river flows in the channels of the South Delta.  It took approximately 3 to 4 days for fish 
released just downstream of the HORB to reach the export facilities.  These fish moved with 
river and tidal currents, in an analogous way to particles moving with the current.  If fish had 
"concerted directed" movement as championed by DWR, then migratory rates should be 
relatively constant, and not influenced by the location and ambient flow conditions of a 
particular location. 
 
For lack of an alternative tool, PTM simulations still have utility, even with the shortcomings 
described by DWR.  It remains one of the tools available to consider using in the development  
and monitoring of the RPA as needed, particularly when transit times in the upper river reaches 
are being considered.  The PTM simulations characterize the movement of water in the Delta, 
which then allows NMFS to assess the vulnerability of migrating fish to different operational 
changes that affect water movement.  At this juncture, CWT data does not provide a probability 
assessment of fish movement within the Delta. 
 
Current Proposal: 
 
The overall objective of Action Suite IV.2: Flow Management, as part of the Delta Division, is to 
maintain adequate flows in both the Sacramento River and San Joaquin River basins to increase 
survival of steelhead emigrating to the estuary from the San Joaquin River, and of winter-run, 
spring-run, CV steelhead, and green sturgeon emigrating from the Sacramento River through the 
Delta to Chipps Island.  Numerous studies have found positive associations between increased 
river flows and increased survival of salmon smolts through the Delta and the adult escapement 
of that cohort several years later when they return to spawn (see earlier discussions in this 
document).  Increased flows and greater smolt survival have been positively associated in other 
river systems as well.  Increased flows reduce the travel time of smolts moving through the river 
and Delta system, thus reducing the duration of their exposure to adverse effects from predators, 
water diversions, and exposure to contaminants.  
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More specifically, the objective of Action IV.2.1: San Joaquin River Inflow to Export Ratio is to 
reduce the vulnerability of emigrating CV steelhead within the lower San Joaquin River to 
diversion into the channels of the south Delta and thereby increasing their risk of eventual 
entrainment at the export pumps due to the diversion of water by the export facilities in the south 
Delta.  By increasing the inflow to export ratio and providing greater net downstream flows, the 
likelihood of salmonids successfully exiting the Delta at Chipps Island, through the creation of 
more suitable hydraulic conditions in the main stem of the San Joaquin River, will be enhanced.  
Action IV.2.1 consists of two implementation phases and multiple sub-components and is 
summarized below as per the June 1, 2009 draft version of the RPA document.  
 
Phase I: pertains to the interim operations period and is implemented during 2010 and 2011. 
 
From April 1 through May 31: 
 

1. Flows at Vernalis (7-day running average shall not be less than 7 percent of the target 
requirement) shall be based on the New Melones Index1.  In addition to the Goodwin flow 
schedule for the Stanislaus River prescribed in Action III.1.3 and Appendix 2-E, Reclamation 
shall increase its releases at Goodwin Reservoir, if necessary, in order to meet the flows required 
at Vernalis, as provided in the following table.  NMFS expects that tributary contributions of 
water from the Tuolumne and Merced rivers, through the SJRA, will continue through 2011 and 
that the installation of a fish barrier at the Head of Old River will continue to occur during this 
period as permitted.   
 

New Melones Index  (TAF) Minimum flow required at Vernalis (cfs) 
0-999 No new requirements 

1000-1399 D1641 requirements or 1500, whichever is greater 
1400-1999 D1641 requirements or 3000, whichever is greater 
2000-2499 4500 

2500 or greater 6000 
 

2. Combined CVP and SWP exports shall be restricted through the following: 
 

Flows at Vernalis (cfs) Combined CVP and SWP Export 
0-6,000 1,500 cfs 

6,000-21,7502 4:1 (Vernalis flow:export ratio) 

                                                 
1 The New Melones Index is a summation of end of February New Melones Reservoir storage and forecasted inflow 

using 50% exceedance from March through September. 
2 Flood warning stage at Vernalis is 24.5 feet, flow is 21,750 cfs at this point.  Flood stage is 29 feet with a 

corresponding flow of 34,500 cfs.  Data from CDEC looking at April 8-9, 2006 period.  As such, recognizing that 
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21,750 or greater Unrestricted until flood recedes below 
21,750 

 
In addition: 
 
1.  Reclamation/DWR shall seek supplemental agreement with the SJRGA as soon as possible to 
achieve minimum long term flows at Vernalis (see following table) through all existing 
authorities. 
 

San Joaquin River Index (60-20-20) Minimum long-term flow at Vernalis 
(cfs) 

Critically dry 1,500 
Dry 3,000 

Below normal 4,500 
Above normal 6,000 

Wet 6,000 
 

Rationale:   
1. Flows at Vernalis:  Reclamation has limited discretion to require additional flows from the 

Tuolumne and Merced rivers that are necessary in the long run to meet the needs of outmigrating 
juvenile steelhead.  Modeling for our analysis of the East Side Division show that relying on 
New Melones Reservoir to provide the flows at Vernalis cannot be sustained, and attempting to 
do so would likely have additional adverse effects on CV steelhead.  Reclamation and DWR 
have obtained additional flows in the Tuolumne and Merced rivers through CVPIA authorities, 
including options to purchase water from willing sellers, and entered into the SJRA which 
expires on December 31, 2009.  Reclamation is in negotiations to extend the current agreement 
to 2011.  The flows required in Phase I at Vernalis were developed through iterative modeling 
and will provide an important increment of additional flow to provide for outmigration of 
steelhead smolts, while not unduly depleting New Melones Reservoir storage.  Using CVPIA 
authorities, it is important that Reclamation seek to immediately change the terms of the existing 
SJRA to achieve the long-term flows. 
 

2. The rationale for the export curtailments is provided in the rationale for Phase II. 
 

3. The SWRCB has initiated proceedings to establish minimum flows in the San Joaquin River 
basin.  The proceedings are scheduled to conclude in 2011.  Flow requirements for fish will be 
provided by this action in the interim. 
                                                                                                                                                             

the flows associated with these stages do vary, the trigger allowing unrestricted exports will be a Vernalis stage of 
24.5 feet. 
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Phase II:  Beginning in 2012:   
 
From April 1 through May 31: 

 
1. Reclamation shall continue to implement the Goodwin flow schedule for the Stanislaus River 

prescribed in Action III.1.3 and Appendix 2-E. 
  

2. Reclamation and DWR shall implement the Vernalis flow-to-combined export ratios in the 
following table, based on a 14-day running average. 
 

San Joaquin Valley Classification  Vernalis flow (cfs):CVP/SWP 
combined export ratio3

Critically dry 1:14

Dry 2:1 
Below normal 3:1 
Above normal 4:1 

Wet 4:1 
Vernalis flow equal to or greater 

than 21,750 cfs 
Unrestricted exports until flood 

recedes below 21,750. 
 
Exception procedure for multiple dry years:  If the previous 2 years plus current year of San 
Joaquin Valley “60-20-20” Water Year Hydrologic Classification and Indicator as defined in D-
1641 and provided in following table, is 6 or less, AND the New Melones Index is less than 1 
MAF, exports shall be limited to a 1:1 ratio with San Joaquin River inflow, as measured at 
Vernalis.   
 

San Joaquin Valley Classification Indicator 
Critically dry 1 

Dry 2 
Below normal 3 
Above normal 4 

Wet 5 
 
Exception procedure for Health and Safety:  If, by February 28 of a given year, Reclamation 
and DWR predict that they will not be able to achieve these ratios and make deliveries required 
for human health and safety, even after pursuing all options to augment inflow while preserving 
                                                 
3 Exception to the ratio is provided for floods, where exports are not restricted until the flood recedes. See footnote 2 
above. 
4 Minimum combined CVP and SWP exports is for health and safety. 
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the ability to meet fish flow needs in all seasons, the agencies may submit a plan to NMFS to 
maximize anadromous fish benefits while meeting health and safety needs.  The project 
agencies’ current estimate of health and safety needs is a combined CVP/SWP export rate of 
1,500 cfs.  The plan must demonstrate that all opportunities for purchasing water in the San 
Joaquin Basin have been or will be exhausted, using b(3) or other water purchasing authority. 
 
Meeting the long-term biological requirements of listed species and providing adequate water 
deliveries for these needs under the current system configuration may not be compatible, 
particularly considering anticipated hydrologic patterns associated with climate change.  For this 
reason, Reclamation and DWR may propose a reconfiguration of the water conveyance system to 
allow diversion from the Sacramento River.  Such an alteration of the conveyance system is 
being considered in the BDCP planning process.  The operation of a conveyance structure that 
diverts water directly from the Sacramento River carries additional risk for listed species that 
migrate, spawn, or rear in the Sacramento River or North Delta.  As detailed in this Opinion, the 
status of those species is precarious.  Any new conveyance will be subject to section 7 
consultation, and issues of injury or mortality of juvenile fish associated with all diversion 
facilities, reduction of flow variability for fish life history functions, reduction of Shasta 
Reservoir storage necessary for main stem temperature control, and other potential adverse 
effects must be adequately addressed in any conveyance proposal. 
 
Rationale:  VAMP studies of CWT Chinook salmon smolts indicate that in general, fish 
released downstream of the zone of entrainment created by the export pumps (e.g., Jersey Point) 
have higher survival indices to Chipps Island than fish released higher up in the system (e.g., 
Durham Ferry, Mossdale, or Dos Reis).  Studies identify increased flows as a factor that 
increases survival of tagged Chinook salmon smolts.  To date, most VAMP experiments have 
utilized San Joaquin River flows to export pumping ratios of approximately 2:1.  Survival to 
Chipps Island of smolts released upstream has been relatively low under these conditions.  
(Kjelson et al. 1981, Kjelson and Brandes 1989, SJRGA 2007).  Historical data indicates that 
high San Joaquin River flows in the spring result in higher survival of outmigrating Chinook 
salmon smolts and greater adult returns 2.5 years later (Kjelson et al. 1981, Kjelson and Brandes 
1989, USFWS 1995) and that when the ratio between spring flows and exports increase, Chinook 
salmon production increases (CDFG 2005, SJRGA 2007).  NMFS, therefore, concludes that San 
Joaquin River Basin and Calaveras River steelhead would likewise benefit under higher spring 
flows in the San Joaquin River in much the same way as fall-run do.   
 
Increased flows within the San Joaquin River portion of the Delta will also enhance the survival 
of Sacramento River salmonids.  Those fish from the Sacramento River which have been 
diverted through the interior Delta to the San Joaquin River will benefit by the increased net flow 
towards the ocean caused by the higher flows in the San Joaquin River from upstream and the 
reduced influence of the export pumps.  Such flows will reduce the proportion of Sacramento 
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River fish that continue southwards toward the pumps and increase the percentage that move 
westwards toward Chipps Island and the ocean.  Although the real environment is much more 
complex than this generality, in theory, increasing the speed of migration through a particular 
reach of river, or shortening the length of the migratory route decrease the extent of exposure to 
factors causing loss (Anderson et al. 2005)   
 
Acoustic Tag Experiments 
 
The overall objective of Action IV.2.2., the Six Year Acoustic Tag Experiment is to confirm 
proportional causes of mortality due to flows, exports and other project and non-project adverse 
effects on steelhead smolts out-migrating from the San Joaquin basin and through the southern 
Delta.  In order to gather this important information, Reclamation and DWR shall fund a 6-year 
research-oriented action concurrent with Action IV.2.1.  The research shall be composed of 
studies utilizing acoustically-tagged salmonids, and will be implemented to assess the behavior 
and movement of the outmigrating fish in the lower San Joaquin River.  The studies will include 
three releases of acoustic tagged fish, timed to coincide with different periods and operations:  
March 1 through March 31, April 1 through May 31, and June 1 through June 15.  NMFS 
anticipates that studies will utilize clipped hatchery steelhead and hatchery fall-run as test fish. 
 
During the period from March 1 through March 30, the exports will be operated in accordance 
with the requirements dictated by action IV.2.3. (Old and Middle River Flow Management).  
During the 60-day period between April 1 and May 30, exports will be dictated by the 
requirements of action IV.2.1.  Reclamation shall operate to a minimum 1:1 inflow to export 
ratio during the period between June 1 and June 15, allowing exports to vary in relation to 
inflows from the San Joaquin to test varying flow to export ratios during this period.  If daily 
water temperatures at Mossdale exceed 72oF for seven consecutive days during the period 
between June 1 and June 15, then the inflow to export ratio may be relaxed.  NMFS anticipates 
that warm water conditions in the lower San Joaquin River will not be suitable for steelhead 
under these conditions.   

 
Implementation procedures: 
 
1) By September 1, 2009, Reclamation/DWR shall convene DOSS for the purpose of refining the 

study design for this experiment.  The experiments shall be developed to ensure that results are 
statistically robust and uncertainties due to experimental design have been minimized to the 
fullest extent possible.  Additional expertise may be included in the workgroup, at the discretion 
of the agencies. 
 

2) Issues relevant to listed anadromous fish species that shall be addressed include, but are  not 
limited to: 
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• Increasing survival of emigrating smolts from the tributaries into the main stem of the 
 San Joaquin River. 
• Increasing survival of emigrating smolts through the main stem of the San Joaquin River 
 downstream into the Delta. 
• Increasing survival of emigrating smolts through the Delta to Chipps Island. 
• The role and influence of flow and exports on survival in these migratory reaches. 
• Selection of routes under the influence of flows and exports. 
• Identifying reach-specific mortality and or loss. 
• The effectiveness of experimental technologies, if any, e.g., non-physical barrier (“bubble 
 curtain.”)  
 

3) Annual reviews of the study results shall be conducted by the DOSS group.  At the end of 
the 6-year period, a status review of Action IV.2.1 shall be prepared by the DOSS group.  The 
status review shall be used to assess the success of Action IV.2.1 in increasing survival through 
the Delta for San Joaquin River basin salmonids, but in particular, steelhead.  Based on the 
findings of the status review, the DOSS group will make recommendations to NMFS, 
Reclamation, CDFG, DWR, and USFWS on future actions to be undertaken in the San Joaquin 
River basin as part of an adaptive management approach to the basin's salmonid stocks.  
 

4) Complementary studies to achieve performance goals:  At its discretion, Reclamation and DWR 
also may develop and propose complementary studies to examine alternative actions that would 
accomplish the targeted survival performance goals.  A primary effort of these studies will be to 
establish an appropriate survival goal for out-migrating steelhead smolts from Vernalis to Chipps 
Island in all water year types.  Reclamation and DWR may propose studies which test actions 
that incorporate non-flow or non-export related actions.  The studies shall contain specific 
actions within the authority and discretion of Reclamation and/or DWR, an evaluation of the 
projected benefits of each action with respect to increasing survival to the performance goal, 
evidence used to support this evaluation including literature citations, particle tracking modeling 
and other predictive tools, to demonstrate that the survival will be achieved, and a demonstration 
that the actions are reasonably certain to occur within the term of the study period.  Any 
complementary study proposal shall be peer reviewed by the Calfed Science Program (or other 
comparable science group) and by the DOSS workgroup prior to being submitted to NMFS. 
 
Upon receipt of the complementary study proposal, NMFS will review the draft proposal for 
sufficiency of information, experimental design, and likelihood to meet performance goals and 
provide comments back to Reclamation and DWR within 30 days of receipt.  If NMFS concurs 
with the complementary study proposal, and finds the studies do not conflict with the actions 
implemented under the RPA, then the study may be conducted concurrently with the actions set 
forth above (Action IV.2.1 and IV.2.2).  Throughout the six years of study, all new data will be 
annually evaluated by the proposed DOSS group, which will then provide recommendations 
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through a written report to the management of NMFS and Reclamation for continuing actions in 
the San Joaquin River basin in support of CV steelhead. 
 
Exception:  If, despite Reclamation and DWR’s best efforts, the new experiment is not ready for 
implementation in 2010, then VAMP study design may continue for one year, upon written 
concurrence of NMFS.    
 
Rationale:  This experiment will provide important information about the response of fish 
migration to flows, exports, and other stressors in the San Joaquin River corridor.  Flows and 
exports will be varied according to time period.  From March 1 through March 31, the studies 
will assess the relationship of the Vernalis flow-to-export ratio under the OMR flow restriction 
(see Action IV.2.3) to route selection at channel bifurcations in the South Delta and main stem 
San Joaquin River, survival in the different channels reaches of the South Delta, and ultimately 
through the Delta to Chipps Island as a whole.   
 
From April 1 through May 30, the studies will assess the effectiveness of varying ratios by water 
year type (see Action IV.2.1) by comparing channel selection, route survival, and overall 
through-Delta survival during this period of stabilized conditions to the other two periods.   
 
From June 1 to June 15, the studies will focus on the relative importance of exports, as compared 
to flows, by deliberately varying exports under similar flow conditions.  Acoustic tagging studies 
have the potential to provide this level of resolution.  Results from these studies may be able to 
indicate, at a fine temporal and spatial scale, how exports and flow influence route selection of 
migrating fish and their survival probabilities in the different channel reaches.  Knowledge of 
these factors should aid in the management decision process and reduce project impacts to listed 
salmonids based on findings with strong scientific foundations. 
 
Summary 
 
The management of river flows on the San Joaquin River is intended to avoid jeopardy to the 
Central Valley steelhead population currently residing in the San Joaquin Basin and its 
tributaries.  The RPA identifies actions that shall be implemented in consideration of maintaining 
appropriate river flows in the main stem San Joaquin River at Vernalis that are beneficial to CV 
steelhead based on the life history requirements identified in this document.  Management of 
exports as part of the implementation of this RPA will enhance the benefits derived from 
increasing flows on the San Joaquin River.  The incorporation of the six year acoustic tag 
experiments provides a vehicle to monitor the efficacy of the RPA in achieving its objectives.  
Results from this experiment as well as the collection of data from ongoing studies throughout 
the Delta will be used to adaptively manage the lower San Joaquin River and Delta to benefit 
steelhead and other listed fish. 
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Enclosure 2 
 

Magnuson-Stevens Fishery Conservation and Management Act 
 

ESSENTIAL FISH HABITAT CONSERVATION CONSULTATION 
 

Long-Term Operations of the  
Central Valley Project and State Water Project  

 
 

I.   IDENTIFICATION OF ESSENTIAL FISH HABITAT 
 
The Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), as amended 
(U.S.C. 1801 et seq,.), requires that Essential Fish Habitat (EFH) be identified and described in 
Federal Fishery Management Plans (FMPs).  Federal action agencies must consult with NOAA’s 
National Marine Fisheries Service (NMFS) on any activity which they fund, permit, or carry out 
that may adversely affect EFH.  If NMFS determines that a proposed Federal or State activity 
would adversely affect EFH, then NMFS is obligated to provide EFH conservation 
recommendations to the action agency.  The Federal action agency that receives the conservation 
recommendations must provide a detailed response in writing to NMFS within 30 days after 
receiving EFH conservation recommendations.  The response must include a description of 
measures proposed by the agency for avoiding, mitigating, or offsetting the impact of the activity 
on EFH.  In the case of a response that is inconsistent with NMFS EFH conservation 
recommendations, the Federal agency must explain its reasons for not following the 
recommendations.  16 U.S.C. §1855(b)(4)(B). 
 
EFH is defined as those waters and substrates necessary to fish for spawning, breeding, feeding, 
or growth to maturity.  For the purposes of interpreting the definition of EFH, “waters” includes 
aquatic areas and their associated physical, chemical, and biological properties that are used by 
fish, and may include areas historically used by fish where appropriate; “substrate” includes 
sediment, hard bottom, structures underlying the waters, and associated biological communities; 
“necessary” means habitat required to support a sustainable fishery and a healthy ecosystem; 
and, “spawning, breeding, feeding, or growth to maturity” covers all habitat types used by a 
species throughout its life cycle.  The action area of the proposed action is within the area 
identified as EFH for Pacific coast salmon species identified in Amendment 14 of the Pacific 
Coast Salmon FMP [Pacific Fishery Management Council (PFMC) 1999]. 
 
Chinook salmon (Oncorhynchus tshawytscha) are the largest of the Pacific salmon.  Chinook 
salmon are highly prized by commercial, sport, and subsistence fishers.  Pacific coast Chinook 
salmon stocks are managed by the Council under the Pacific Salmon FMP.  These stocks include 
fall- and late fall-run Chinook salmon from the Central Valley system. 
 
PFMC (1999) has identified and described EFH, and has identified adverse impacts and 
recommended conservation measures for salmon in amendment 14 to the Pacific Coast Salmon 
FMP.  Freshwater EFH for Pacific salmon in the California Central Valley includes waters 
currently or historically accessible to salmon within the Central Valley ecosystem as described in 



Myers et al., (1998).  EFH includes not only the watersheds of the Sacramento and San Joaquin 
River basins but also the San Joaquin Delta (Delta) hydrologic unit (i.e., number 18040003), 
Suisun Bay hydrologic unit (18050001) and the Lower Sacramento hydrologic unit (18020109).   
Sacramento River winter-run Chinook salmon (O. tshawytscha), Central Valley spring-run 
Chinook salmon (O. tshawytscha), and Central Valley fall- and late fall-run Chinook salmon (O. 
tshawytscha; hereafter, specific Chinook salmon species are identified by run only) are species 
managed under the Pacific Coast Salmon FMP that occur in these basins, as well as the Delta, 
Suisun Bay, and Lower Sacramento units.   
 
Factors limiting salmon populations in the Delta include periodic reversed flows due to high 
water exports (drawing juveniles into large diversion pumps), loss of fish into unscreened 
agricultural diversions, predation by introduced species, and reduction in the quality and quantity 
of rearing habitat due to channelization, pollution, riprapping, etc. (Dettman et al,. 1987; 
California Advisory Committee on Salmon and Steelhead Trout 1988, Kondolf et al., 1996a, 
1996b).  Factors affecting salmon populations in Suisun Bay include heavy industrialization 
within its watershed and discharge of wastewater effluents into the bay.  Loss of vital wetland 
habitat along the fringes of the bay reduce rearing habitat and diminish the functional processes 
that wetlands provide for the bay ecosystem. 
 
A.  Life History and Habitat Requirements of Pacific Salmon 
 
General life history information for fall- and late fall-run is summarized below.  Information on 
winter-run and spring-run life histories is summarized in section 4 of the preceding biological 
opinion for the proposed action (Enclosure 1, hereafter referred to as Opinion).  Further detailed 
information on Chinook salmon Evolutionarily Significant Units (ESU) are available in the 
NMFS status review of Chinook salmon from Washington, Idaho, Oregon, and California 
(Myers et al., 1998), and the NMFS proposed rule for listing several ESUs of Chinook salmon 
(March 9, 1998, 63 FR 11482).   
 
Adult fall-run enter the Sacramento and San Joaquin rivers from July through December and 
spawn from October through December, while adult late fall-run enter the Sacramento and San 
Joaquin rivers from October to April and spawn from January to April [U.S. Fish and Wildlife 
Service (USFWS) 1998].   
 
Chinook salmon will spawn in water that ranges from a few centimeters to several meters deep 
provided that the there is suitable sub-gravel flow (Healey 1991).  Spawning typically occurs in 
gravel beds that are located in marginally swift riffles, runs, and pool tails with water depths 
exceeding one foot and velocities ranging from 1 to 3.5 feet per second.  Preferred spawning 
substrate is clean loose gravel ranging from one to four inches in diameter with less that five 
percent fines (Reiser and Bjornn 1979).  
 
Egg incubation occurs from October through March (Reynolds et al., 1993).  Shortly after 
emergence from their gravel nests, most fry disperse downstream towards the Delta and into the 
San Francisco Bay and its estuarine waters (Kjelson et al., 1982).  The remaining fry hide in the 
gravel or station in calm shallow waters with bank cover such as tree roots, logs, and submerged 
or overhead vegetation.  These juveniles feed and grow from January through mid-May, and 
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emigrate to the Delta and estuary from mid-March through mid-June (Lister and Genoe 1970).  
As they grow, the juveniles associate with coarser substrates along the stream margin or farther 
from shore (Healey 1991).  Along the emigration route, submerged and overhead cover in the 
form of rocks, aquatic and riparian vegetation, logs, and undercut banks provide habitat for food 
organisms, shade, and protect juveniles and smolts from predation. 
 
B. Pacific Coast Salmon Fishery Management Plan 
 
As noted by the PFMC, Chinook salmon eggs, alevins, and juveniles in freshwater streams 
provide an important nutrient input and food source for aquatic invertebrates, other fishes, birds, 
and small mammals.  The carcasses of Chinook salmon adults can also be an important nutrient 
input in their natal watersheds, as well as providing food sources for terrestrial mammals such as 
bears, otters, minks, and birds such as gulls, eagles, and ravens.  Finally, Chinook salmon in the 
marine environment serve as a source of prey in the diet of other fishes, marine mammals, and 
coastal sea birds.  Southern Resident killer whales feed primarily on salmon, and some pinnipeds 
have learned to return to areas that concentrate salmon as they migrate upstream (e.g., 
Bonneville Dam on the Columbia River). 
 
In 1999, the PFMC identified EFH for Central Valley Chinook salmon stocks to include the 
Sacramento and San Joaquin rivers and their tributaries as EFH3.  Freshwater EFH for Chinook 
salmon consists of four major habitat functions:  (1) spawning and incubation; (2) juvenile 
rearing; (3) juvenile migration corridors; and 4) adult migration corridors and adult holding 
habitat (PFMC 1999).  Projected impacts associated with the proposed action are expected to 
eliminate, diminish, and/or disrupt these EFH habitat functions for fall- and late fall-run at many 
sites within the project area.  As concluded in the EFH Assessment prepared by the U.S. Bureau 
of Reclamation (Reclamation; Reclamation 2008a), Central Valley Project (CVP) and State 
Water Project (SWP) operations will adversely affect the EFH of fall- and late fall-run.     
 
In developing its EFH Conservation Recommendations, NMFS recognized that all appropriate 
and practicable steps to avoid adverse effects to EFH and measures to minimize remaining 
adverse affects are constrained due to the existing operational conditions in the Central Valley 
that have transpired over the lifetime of managing water in the Central Valley.  Consequently, 
available opportunities to avoid and minimize adverse effects may be limited.  In addition, 
NMFS recognizes that there may be potential conflicts in fulfilling its conservation mandates 
under the Endangered Species Act (see Opinion) and protecting EFH for particular locations.  
Generally, however, actions (e.g., restrictions on Delta pumping, increased flows in tributaries) 
to protect listed anadromous fish species will provide benefits to non-listed salmonids (e.g., fall- 
and late fall-run), since they share similar habitats and respond to environmental impacts in a 
comparable fashion. 
 
Due to these limitations to avoid and minimize EFH impacts, NMFS believes that available 
conservation measures may be insufficient to offset the expected further deterioration of EFH 
habitat functions in parts of the project area.  Consequently, the agency included EFH 
Conservation Recommendations that advise Reclamation to consider compensatory mitigation as 
part of this consultation.  As stated in the EFH regulations [50 CFR §600.905 (b)], the EFH 
Conservation Recommendations provided by NMFS “...may include measures to avoid, 
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minimize, mitigate, or other otherwise offset adverse effects on EFH from actions or proposed 
actions authorized, funded, or undertaken...” by the Federal action agency.  Consequently, the 
agency believes that in order to provide meaningful EFH Conservation Recommendations for 
conserving and enhancing EFH, it needs to look beyond options for avoiding and minimizing 
adverse affects and also include compensatory mitigation for conserving and enhancing Chinook 
salmon EFH.   
 
For this EFH consultation, compensatory mitigation is defined as activities used to offset 
unavoidable adverse impacts on stream miles and associated habitat functions and values by 
restoring, enhancing, or creating Chinook salmon habitat in other locations.  In examining 
mitigation options, the agency recognizes that the proposed action occurs within the context of 
other water dependent operations that can also affect water quality and quantity.  Because all 
aspects of Central Valley water usage are interrelated and interdependent, NMFS believes that 
reasonable opportunities for compensatory mitigation should look beyond the scope of the 
proposed action and consider opportunities related to other water dependent operations.  That is, 
in order to properly mitigate, NMFS recognizes that Reclamation may need to look beyond its 
own operations in order to improve the functions and values of Chinook salmon EFH by 
combining suggested mitigation efforts with other government programs and initiatives as well 
as with non-regulatory initiatives and partnerships. 
 
 

II.   PROPOSED ACTION 
 
The proposed action is the long-term operations of the CVP and SWP, described in the Appendix 
1 to the Opinion, and as modified by the NMFS Reasonable and Prudent Alternatives (RPA).  In 
general, Reclamation proposes to continue the operation of the CVP and SWP in the Central 
Valley, California.  In addition to operations, several other actions are included in this 
consultation.  These actions are:  (1) an intertie between the California Aqueduct and the Delta-
Mendota Canal; (2) Freeport Regional Water Project; (3) changes in the operation of the Red 
Bluff Diversion Dam (RBDD); and (4) Alternative Intake Project for the Contra Costa Water 
District. 
 
 

III. EFFECTS OF THE PROPOSED ACTION 
 
The effects of the proposed action on winter-run and spring-run habitat are described at length in 
section 6 (Effects of the Action) of the Opinion and are generally expected to apply to Pacific 
Coast Salmon EFH.  The following provides additional analysis and effects on fall- and late fall-
run habitat. 
 
A. Clear Creek 
 
EFH for fall-run and late fall-run on Clear Creek has been improved by years of restoration work 
and the removal of Saeltzer Dam in 2000, which provided an additional 12 miles of spawning 
habitat.  Funded for restoration, gravel augmentation, and increased flows has come from 
CALFED’s Ecosytem Restoration Program and a separate Clear Creek Restoration Program 
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included in the Central Valley Project Improvement Act (CVPIA).  Since 1995, increased 
releases from Whiskeytown Dam under the CVPIA section 3406 (b)(2) (hereafter referred to as 
(b)(2) water) have been providing suitable habitat and water temperatures for fall-run and late 
fall-run Chinook.  The ten-year average (1997- 2007) fall-run escapement is 8,979 adults (CDFG 
GranTab data 2008).  Recent surveys by the USFWS (2003-2008) have also observed an average 
of 64 late fall-run spawning in Clear Creek (USFWS 2008) 
 
Abundance has generally improved overall since the 1950s, but decreased in the last several 
years consistent with other fall-run populations in the Central Valley.  Lack of (b)(2) for fall-run 
would have a significant impact of the amount of habitat available for spawning and rearing.  
Actions as part of the RPA taken to provide suitable conditions for spring-run and steelhead will 
generally provide suitable conditions for other Chinook salmon races as well.  Contrary to the  
most recent in-stream flow studies (USFWS 2007a) increasing flows to 600 cubic feet per 
second (cfs) for spring-run would negatively impact other Chinook salmon races by dewatering 
redds later when the flows are dropped to conserve storage (i.e., most of the flow in Clear Creek 
originate from releases diverted from the Trinity River).  The use of pulse flows to attract spring-
run adults into Clear Creek, as described in the RPA, would aide out-migrating juvenile fall-run 
smolts by improving survival to the Sacramento River.  The RPA also increases the frequency of 
flood control spills in every other year, which would improve habitat in general for all salmonids 
by moving spawning gravels downstream from injection sites and improving the diversity of 
rearing habitat available to multiple listed and non-listed species.  Replacement of the 
Temperature Curtain in Whiskeytown Reservoir has been shown to improve cold water into 
Keswick Reservoir and may indirectly provide colder water to Clear Creek. 
 
Based on the available evidence, the proposed RPA is expected to have beneficial impacts on 
Clear Creek fall-run/late fall-run EFH through greater flows for channel maintenance, continued 
water temperature requirements, and continued implementation of restoration and gravel 
augmentation programs.  Adverse effects of climate warming are expected to be buffered by 
improved freshwater habitat diversity (Lindley 2009). 
 
B.  Upper Sacramento River Main Stem 
 
Fall-run on the main stem Sacramento River have also shown a steady decline in abundance 
since 1999 (Figure 1).  This long-term trend is partly attributed to operating Shasta Dam releases 
for temperature control and ramp downs in the fall to conserve storage.  More recently, in the last 
three years, the decline in fall-run is consistent with Central Valley-wide declines attributed to 
poor ocean conditions (National Oceanic and Atmospheric Administration 2007).  Conversely, 
late fall-run on the main stem Sacramento River have shown a stable and increasing trend in the 
recent past (Figure 2).  Shasta Dam releases are typically reduced in the fall to conserve storage 
after the irrigation season.  This reduction in fall flows can strand and dewater Chinook salmon 
redds that are located in shallow riffle areas in the upper Sacramento River (Red Bluf Diversion 
Dam [RBDD] to Keswick Dam). 
 
Chinook salmon spawning above RBDD is negatively impacted by water temperature 
management proposed in the proposed action (Reclamation 2008, hereafter referred to as 
CVP/SWP operations BA).  The use of cold water reserves for winter-run through the summer 
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impacts Chinook spawning in September and October since the cold water is typically used up 
by the end of August.  Temperature modeling indicates that in 50 percent of the years water 
temperatures will be above the temperature control criteria (56oF) between Keswick Dam and 
Balls Ferry and cannot be met from Balls Ferry to Bend Bridge.  Therefore, future operations are 
expected to reduce the available spawning habitat for Chinook salmon (i.e., spring-run, fall-run) 
and increase the mortality to eggs and pre-emergent fry.  With climate change, egg and fry 
mortality are predicted to increase on average ten percent (Figures 3 to 5, CVP/SWP operations 
BA Salmon Mortality Model). 
 
Under the RPA, temperature management would improve the likelihood that cold water would 
be available through the fall by increasing the carryover storage level in Shasta Reservoir during 
critically dry years.  These years represent approximately ten percent of the historical years 
modeled by CalSim.  Adverse impacts associated with dry year impacts would still occur with 
future climate change (drier, less precipitation) but would only impact approximately 13 percent 
of those fall-run population that spawn below the compliance point (see fall-run technical 
memos, Hannon 2009, and Oppenheim 2009 Appendix 3). 
 
Fall- and late fall-run adults migrate up the Sacramento River in late summer through late winter 
(August – March).  Fall-run and late fall-run utilize the main stem of the Sacramento River 
upstream of the RBDD, although a small percentage of the run spawns just downstream of the 
RBDD.  RBDD gates will be raised on or before September 1, thereby blocking or delaying 
some of the upstream-migrating adult fall-run prior to September 1.  After 2012, the RBDD gates 
will no longer be lowered; therefore, there will no longer be any adult Chinook salmon delays at 
RBDD.  Interim gate operations under the RPA allow a two-month gate closure (July through 
August) until 2012, or a new pumping plant is constructed.  With the gates out September 1, 
approximately ten percent of fall-run adults passing RBDD will no longer be delayed (TCCA 
2008).  After 2012, the gates will be open year-round and approximately 25 percent of the fall-
run adults will have unimpeded passage upstream.  In addition, approximately eight percent of 
the juvenile fall-run will no longer experience delays in Lake Red Bluff and increased predation 
from passing downstream under the gates in May, June, and July (TCCA 2008).  The highest 
density spawning area occurs from the City of Anderson upstream to the first riffle downstream 
of Keswick Dam.  Based on recent RBDD ladder counts, the percentage of other races 
encountering delays would be approximately 15 percent for winter-run, 70 percent for spring-
run, and 0 percent for late fall-run (TCCA 2008).   
 
The RPA includes restoration projects in Battle Creek and other tributaries to expand habitat for 
spring-run and winter-run.  These restoration projects are likely to improve passage and habitat 
for fall-run and late-fall Chinook as well. 
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Figure 1.  Fall-run Chinook salmon escapement above Red Bluff Diversion Dam 1956 – 2007.  Years in 
parentheses indicate preliminary data [California Department of Fish and Game (CDFG) 2008]. 
 
 

 
Figure 2.  Late fall-run Chinook salmon escapement above Red Bluff Diversion Dam from 1971 – 2007.  
Years in parentheses indicate preliminary data (CDFG 2008). 
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Figure 3.  Sacramento River fall-run Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.  All studies except 9.0 include a 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (Reclamation 2008a Figure 49). 
 

 
Figure 4.  Sacramento River late fall-run Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.  All studies except 9.0 include a 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (Reclamation 2008a Figure 50). 
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Figure 5.  Sacramento River average Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.  All studies except 9.0 include a 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (Reclamation 2008a Figure 51). 
 
Fall- and late fall-run spawning the upper Sacramento River are adversely affected in all years 
when flows are kept high for agricultural demand (i.e., rice decomposition) and then decreased in 
the fall to conserve water in Shasta Reservoir.  Large numbers of fall-run redds have been 
dewatered in the upper Sacramento River when flows are lowered after the rice decomposition 
program (September – November) is completed and Shasta Dam releases decrease.  The RPA at 
Shasta Reservoir is designed to minimize these future adverse effects through conserving water 
in Shasta reservoir on a year-round basis, and operating more conservatively (i.e., assuming that 
any initial dry-year hydrology could be the beginning of a drought sequence).  Therefore, these 
adverse effects will be minimized, but not eliminated.  What is unknown at this time is how 
higher storage levels in Shasta will effect fall-run and late fall-run spawning through more 
frequent flood control spills (i.e., redd scouring, dewatering, isolation, and stranding events).  
NMFS will analyze this impact when data becomes available and, through the use of technical 
teams identified in the RPA, will adaptively manage this impact.  Consequently, it is anticipated 
that some redd dewatering will continue in the future condition.   
 
Outmigrating Chinook salmon juveniles are also subjected to potential entrainment from water 
diversions located along the Sacramento River — of the 879 diversions only 91 (11 percent) 
currently have fish screens (Calfish data base and AFSP 2009 annual report).  These diversions 
adversely affect EFH by disrupting migration, diverting juveniles into unsuitable rearing habitat, 
and killing fish outright   The RPA insures that continued funding of fish screens will continue 
through the AFSP to reduce entrainment at unscreened diversions. 
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Based on the available evidence, the proposed action is expected to adversely impact Sacramento 
River fall-run and late fall-run EFH through continuing degradation of spawning and rearing 
habitat, water temperature-related impacts, reduced flows, and entrainment at unscreened water 
diversions.  Increased level of water demands through 2030, reduced diversions from the Trinity 
River, and future climate warming would exacerbate water temperature-related impacts to EFH.  
However, the many actions within the RPA will generally improve EFH for naturally spawning 
fall-run and late-fall run by improving adult passage at RBDD, increasing juvenile survival (i.e., 
reducing predation, and entrainment at diversions), reducing water temperature related impacts, 
increasing reservoir storage, and restoring EFH in tributary spawning areas. 
 
C.  American River 
 
This effects analysis assumes that impacts on lower American River Chinook salmon and their 
habitat that are expected with implementation of the proposed Project will be similar to (or more 
severe than) the impacts associated with the American River Division of the CVP, which have 
occurred in the recent past (e.g., within the last ten years).  This assumption is reasonable 
because the proposed action includes the continued operation of the American River Division 
through 2030 to meet increasing water demands.  From 2000 through 2006, annual water 
deliveries from the American River Diversion ranged from 196 thousand acre-feet (taf) in 2000 
to 297 taf in 2005.  In the CVP/SWP operations BA, present level water demands for the 
American River Division were modeled at 325 taf per year, and the 2030 water demands are 
modeled at nearly 800 taf per year; an annual demand about 2.7 to 4.0 times higher than the 
annual deliveries from 2000 through 2006.   
 
The only persistent Chinook salmon population spawning in the American River is the fall-run.  
However, it should be noted that approximately 200 adult late fall-run returned to the American 
River in 2008.  Analysis of coded wire tags revealed that most of these late fall-run were released 
in 2007 from Coleman National Fish Hatchery.  Because these fish were hatchery stays, and it is 
uncertain whether a persistent naturally spawning population will emerge from this stray event, 
this American River EFH analysis will focus on fall-run.   
 
Fall-run on their upstream spawning migration generally enter the American River beginning in 
September, with peak migration occurring during October and November.  Spawning typically 
occurs from October through December, with fry emergence usually beginning in mid-to late 
January and peaking during mid- to late February.  Fall-run emigration primarily occurs in the 
lower American River from January through June, with most salmon emigrating as post-
emergent fry or young-of-year juveniles (Surface Water Resources, Inc. 2001). 
 
Most spawning occurs in the upper three miles of river from Goethe Park upstream to Nimbus 
Dam.  In general, the primary factors potentially limiting fall-run production within the lower 
American River are believed to be high water temperatures and flow fluctuations during portions 
of their freshwater residency in the river.  Habitat quality during the adult immigration and 
spawning life stages is expected to be affected by the continued operation of the proposed action.  
High water temperatures during these life stages can delay the onset of Chinook salmon 
spawning and cause pre-spawning mortality of adults and latent mortality of incubating embryos.  
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These types of water temperature-related effects to Chinook salmon occur in the lower American 
River.  As described in Water Forum (2005):   
 

“In November 2001, the average daily water temperature at Watt Avenue in the lower 
American River was 61°F.  Pronounced pre-spawning adult mortality as well as increased 
latent mortality to incubating embryos reportedly can result when ripe adult female Chinook 
salmon are exposed to water temperatures beyond the 56°F to 60°F range (McCullough 
1999).  Pre-spawning mortality of fall-run Chinook salmon was reported by CDFG to be 
approximately 67 percent during the 2001 adult immigration and adult spawning season, 
presumably because of high water temperatures (Healy 2004 in Lamb 2004).” 

 
Water temperature exceedence plots presented in the CVP/SWP operations BA demonstrate that 
with implementation of the proposed action adult Chinook salmon will be exposed to stressful 
water temperatures (> 60°F) during September, October, and November.  During September, 
water temperatures are expected to range from just over 64°F during the coolest years up to 
about 71°F during the warmest years (Figure 6).  In most years, by October, water temperatures 
are expected to have cooled to levels more suitable for successful spawning, but are still 
expected to be stressful to Chinook salmon immigration, spawning, and initial embryo 
incubation in 30 percent of the years (Figure 7).  Even in November, water temperatures are 
expected to exceed 60°F in the warmest years (Figure 8), as was observed in 2001.  In dry years, 
diversions from Folsom Reservoir, the need to make reservoir releases in order to meet Delta 
water quality objectives and demands, and the need to meet the water temperature requirements 
identified in this Opinion for steelhead throughout the summer, will likely limit the availability 
of coldwater for fall-run.  In those years, the ability to provide 60°F or less in the lower 
American River will be largely dependent on ambient cooling of Folsom Reservoir.   
 
Chinook salmon egg mortality modeling results presented in Appendix M of the CVP/SWP 
operations BA show that egg mortality is expected to range from about ten percent in above 
normal water year types to about 22 percent in critically dry years.   
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Figure 6.  Exceedence plot of modeled water temperatures in the lower American River near Watt Avenue 
during September.  This Figure was obtained from the CVP/SWP operations BA. 
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Figure 7.  Exceedence plot of modeled water temperatures in the lower American River near Watt Avenue 
during October.  This figure was obtained from the CVP/SWP operations BA. 
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Figure 8.  Exceedence plot of modeled water temperatures in the lower American River near Watt Avenue 
during November.  This figure was obtained from the CVP/SWP operations BA. 
 
Effects of flow fluctuations on lower American River salmonids have been examined in CDFG 
(2001), Reclamation (2002), and Water Forum (2005).  The following discussion was derived 
from these studies.  Reservoir operations that cause river flows to exceed and then decrease 
below certain water surface elevations have been identified as a source of mortality to lower 
American River salmonids because of redd dewatering, fry stranding, and juvenile isolation.  
Redd dewatering is reported to occur when flows are decreased from commonly observed 
spawning flow levels (e.g., 1,000 to 4,000 cfs; CDFG 2001).  Redd dewatering can affect 
salmonid embryos and alevins by impairing development and causing direct mortality due to 
desiccation, insufficient oxygen levels, waste metabolite toxicity, and thermal stress (Becker et 
al., 1982, Reiser and White 1983).  Isolation of redds in side channels can result in direct 
mortalities due to these factors, as well as starvation and predation of emergent fry.  In 2006, 
about four Chinook salmon redds were dewatered and about 40 more total redds of unknown 
species were dewatered at Nimbus Basin and Sailor Bar (Figure 9, Hannon and Deason 2008).   
 
Rapid flow decreases from flow levels that inundated low and medium sloping gravel bars when 
salmonid fry are present in the lower American River (i.e., late-December through May) 
reportedly can result in fry stranding (CDFG 2001).  In 2003, several observations of Chinook 
salmon stranding were made, including one made by the California Department of Fish and 
Game (CDFG) where up to 10,000 Chinook salmon fry were stranded on an island near the 
lower Sunrise area (Water Forum 2005).   
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Figure 9.  Dewatered redds at Nimbus Basin and Sailor Bar, February 2006 (figure was modified from 
Hannon and Deason 2008). 
 
Also, as flows in the lower American River approach and exceed 4,000 cfs, many areas in the 
lower American River channel reportedly become inundated and subsequently are newly 
available to rearing fish (CDFG 2001).  Thus, reductions in flow, after flows reach or exceed 
4,000 cfs, have the potential to isolate juvenile salmonids (CDFG 2001).  On April 28, 2004, 
CDFG reported that seining surveys within the isolation areas along the lower Sunrise side 
channel indicated that more than 2,000 juvenile Chinook salmon/seine haul had been isolated 
from the main channel (Water Forum 2005).  CDFG seining surveys also collected more than 
300 juvenile Chinook salmon/seine haul from an isolated area near Sunrise Boulevard (not the 
lower Sunrise side channel) and from an area near Watt Avenue (Water Forum 2005) 
 
Based on the available evidence, the proposed Project is expected to adversely impact American 
River fall-run EFH through water temperature- and flow fluctuation-related effects.  Both 
increasing water demands through 2030 and local warming expected with climate change would 
exacerbate water temperature-related impacts to EFH.   
 
D.  Stanislaus River 
 
The Stanislaus River is the northernmost tributary in the San Joaquin River basin used by 
Chinook salmon.  The river supports fall-run and small populations of late fall-run.  These 
populations are at a low and declining state (Figure 10). 
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Figure 10.  Estimated yearly natural production, and in river escapements of Stanislaus River adult fall-run 
Chinook salmon.  1952-1966 and 1992-2007 numbers are from CDFG (2008).  Baseline numbers (1967-1991) 
are from Mills and Fisher (1994).  Data were not available for 1982.  Graphic from 
http://www.fws.gov/stockton/afrp/. 
 
Salmonid spawning habitat availability and quality has been reduced on the order of 40 percent 
since 1994 (Kondolf et al., 2001).  Mesick (2001) hypothesized that this reduction is likely 
underestimated, based on the sampling methodology of that assessment.  His results indicated 
that higher concentrations of fine sediments and low intragravel dissolved oxygen in riffles 
downstream of Orange Blossom Bridge would be expected to reduce fall-run egg survival by 23 
percent, as compared to the natural riffles at the Orange Blossom Bridge and upstream.  
Operational criteria have resulted in channel incision of one to three feet since the construction 
and operation of New Melones Reservoir (Kondolf et al., 2001).  This downcutting, combined 
with operational criteria, have effectively cut off overbank flows. These flows would have 
inundated floodplain rearing habitat as well as provided areas for fine sediment deposition, rather 
than within spawning gravels as occurs now.  Additionally, the flow reductions in late spring and 
early summer are too rapid to allow recruitment of large riparian trees, such as Fremont 
cottonwoods.  Consequently, within 10 to 20 years, as existing trees senesce and fall, there will 
be no younger riparian trees to replace them, resulting in less riparian shading, higher in-stream 
temperatures, less food production from allochthonous sources, and less large woody debris 
(LWD) for nutrients and channel complexity.   
 
Past operations of the East Side Division have eliminated channel forming flows and geomorphic 
processes that maintain and enhance salmon spawning beds and juvenile rearing areas associated 
with floodplains and channel complexity.  The reduction in peak, channel-forming flows over 
time is summarized in Table 1 (from Kondolf et al., 2001).  Since the operation of New Melones 
Dam, channel-forming flows above 8,000 cfs have been reduced to zero, and mobilizing flows in 
the 5,000-8,000 cfs range have only occurred twice in the past ten years.  Channel-forming flows 
are important to rejuvenate spawning beds and floodplain rearing habitat and to recruit 
allochthonous nutrients and large wood into the river.  
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Status quo operations will result in further degradation of spawning habitat and rearing habitat 
Reduction and degradation of spawning gravels directly reduces the productivity of the species 
by reducing the amount of usable habitat area and causing direct egg mortality.  Lower 
productivity leads to a reduction in abundance.  Restoration actions have improved spawning 
riffles, but these need to be implemented at a higher level to balance losses of gravel mobilized 
by normal flows.  Implementation of salmon habitat projects that restore floodplain connectivity 
and strategic implementation of channel-forming flows are important actions needed to restore 
and maintain adequate rearing conditions for fall-run. 
 
Table 1.  Summary of flow conditions on the Stanislaus River during historical periods from 1904-1998.  New 
Melones Dam construction was completed in 1979.  Goodwin Dam was completed in 1912 and the first dam in 
the basin dates at 1853 (Kondolf et al. 2001 table 5.2). 

 
Construction of the dams on the Stanislaus River has prevented anadromous salmonids from 
accessing their historical habitat.  The populations persists in a reach of the river that historically 
was unsuitable because of high temperatures (Lindley et al., 2006), and current utilization of 
these reaches is successful only if dam operations are managed to maintain suitable temperatures 
for all life history stages of salmon.  There are no temperature control devices on any of the East 
Side Division facilities, so the only mechanism for temperature management is direct flow 
management.  This has been achieved in the past through a combination of augmenting baseline 
water operations, for meeting senior water right deliveries and D-1641 water quality standards, 
with additional flows from:  (1) the CDFG fish agreement; and (2) from (b)(2) or (b)(3) water 
acquisitions.  The analysis of temperature effects presented in the CVP/SWP operations BA 
(Appendix I) assumes that these augmentations will be available.  If water for fish needs is 
indeed allocated as their model suggests, future operations likely would meet fall-run 
temperature needs, except in dry or critical years, depending on the future climate change and 
assuming that (b)(2) and (b)(3) water allocations can be made.   
 
The Project Description does not specify how (b)(2) or (b)(3) water are committed for fishery 
uses of any particular amount, timing, or duration.  The CVP/SWP operations BA analysis does 
not evaluate their assumptions without the addition of CVPIA assets for fish, so the change in 
temperature of these reduced flows for fish cannot be quantified with available data.   
 
Aceituno (1993) applied the in-stream flow incremental methodology to the Stanislaus River 
between Riverbank and Goodwin Dam (24 river miles) and determined that 155 taf was needed 
to maximize weighted usable habitat area for fall-run, not including outmigration flows or fall 
attraction flows.  This study also identified that in-stream flow needs for each life history stage 
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are somewhat different between fall-run and steelhead (Table 2).  Steelhead flow needs are 
somewhat lower than fall-run needs for some life stages, but potentially higher for adult 
migration.  The total amount of water needed for maximum in-stream habitat support is equal to 
or greater than 155 taf, and also greater than 98.3 taf fishery agreement allotment to CDFG.   
 
The proposed allocation-year strategy for the East Side Division fundamental operating 
principles only commits to providing sufficient water for fisheries in 41 percent of the years, 
based on operations since 1982 (Table 3).  The CDFG Fish Agreement allotment alone is less 
than what fall-run need, but the CDFG allocation schedule is predominantly directed by Chinook 
salmon needs.  Consequently, fall-run are likely to have unmet flow needs less often than 
steelhead.  If (b)(2) or (b)(3) water is available, this effect could be reduced in some Mid-
Allocation years.  Because the guidance for allocation of (b)(2) and (b)(3) water specifically for 
the Stanislaus River is not specific, the magnitude of this reduction cannot be determined. 
 
Table 2.  Comparison by life stage of instream flows which would provide maximum weighted usable area of 
habitat for steelhead and Chinook salmon in the Stanislaus River, between Goodwin Dam and Riverbank, 
California (adapted from Aceituno 1993).  No value for Chinook salmon adult migration flows was reported. 

 
 

Life Stage 

 
Steelhead Flow 

Steelhead 
Timing 

Fall-Run 
Chinook 

Salmon Flow 

Fall-Run 
Chinook 

Salmon Timing 
Spawning 200 Dec-Feb 300 Oct 15-Dec 31 
Egg incubation/ 
fry rearing 

50 Jan – Mar 150 Jan. 1-Feb 15 

Juvenile rearing 150 all year 200 Feb 15-Oct 15 
Adult migration 500 Oct-April -  
 
Table 3.  Occurrence of High Allocation, Mid-Allocation and Conference Year types for New Melones 
Transitional Operation Plan, based on New Melones Operations since 1982 (data available at 
http://cdec.water.ca.gov). 

Allocation Year Type Fishery 
Allocation 

% occurrence 1982-2008 

High Allocation Years New Melones 
Index is greater than 1.7 MAF  457 TAF 41% 

Mid-Allocation 98.3 TAF 33% 
“Conference Year” conditions – New 
Melones Index is less than 1.0 MAF unspecified 26% 

 
The IFIM analysis did not include an assessment of the volume of water needed for a spring 
pulse flow to convey fall-run from the Stanislaus River into the Delta.  The San Joaquin River 
Agreement (SJRA) and associated Vernalis Adaptive Management Program (VAMP) were 
agreed upon by the State Water Resources Control Board and the signatory parties as a 
mechanism to address this fishery need in the context of refining the understanding of what 
specific flow standards are needed to meet the requirements of the 1995 Water Quality Control 
Plan.  The SJRA will conclude in 2011, and the funding for VAMP studies and flows is 
scheduled to end in 2009.  The Project Description indicates that Reclamation and the California 
Department of Water Resources (DWR) intend to “continue VAMP-like flows”, but the 
description of these flows lacks critical fish benefits now provided by the SJRA and VAMP.  
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Under the SJRA, operators on the Tuolumne and Merced rivers release spring pulse flows in a 
manner coordinated with Stanislaus River pulse flows to convey salmonids from these tributaries 
into the San Joaquin River and to the Delta.  When the SJRA concludes, there will be no 
commitment by operators on the Merced and Tuolumne rivers to continue with spring pulse 
flows.  This will affect fall-run in the Stanislaus by requiring modification of New Melones 
operations to meet Vernalis water quality standards. 
 
Without the SJRA in effect, Reclamation is solely responsible to meet water quality standards 
(flow and salinity) at Vernalis.  Without the contribution from rivers upstream of the Stanislaus, 
Reclamation likely will be required to release more water from New Melones in order to meet 
that standard.  This can result in unsuitable flows and temperatures for fall-run, dewatering of 
redds, and reduction of storage volumes at the end of September.  This last factor will result in 
more years falling into the Conference Year or Mid-Allocation Year categories, which provide 
less suitable conditions for fall-run as described above on a more frequent basis.   
 
Flows are projected to be adequate for fall-run spawning in High Allocation years, which have 
occurred 41 percent of the time, but temperatures will be warm in the lower part of the river 
during the early part of the adult immigration period.  In Mid-Allocation years, supplementary 
water from b(2) or b(3) will be required if adequate flows are to be maintained for fall-run.  
Under dry conditions, notably Conference Years, flows are likely to be less than desirable for 
optimal outmigration prior to the VAMP period and for adult immigration in the fall.  Since the 
future implementation of “VAMP-like flows” is uncertain, fall-run outmigration is expected to 
be impeded by lack of increased flows. 
 
Based on the available evidence, the proposed action is expected to adversely impact Stanislaus 
River fall-run EFH through continuing degradation of spawning and rearing habitat, water 
temperature-related, and low flow-related effects.  Both increasing water demands through 2030 
and local warming expected with climate change would exacerbate water temperature-related 
impacts to EFH.   
 
E.  Delta Ecosystem 
 
Juvenile fall- and late fall-run normally migrate down from the Sacramento and San Joaquin 
River basins through the rich feeding grounds of the Delta to the San Francisco Estuary, then 
into the Pacific Ocean.  The suitability of the Delta migration corridor as part of juvenile salmon 
rearing EFH is reduced by various aspects of the proposed action.  Adverse impacts to EFH 
related to the ongoing project action may complicate normal habitat functions.  Such impacts 
include, but are not limited to, prolongation of migration routes (i.e., entrainment into complex 
channel configurations under the influence of pumping hydraulics makes it difficult for salmon 
to find their way to the ocean), increasing exposure to elevated water temperatures in late spring, 
increasing susceptibility to predators, and adding direct mortality from salvage and entrainment 
operations.  
 
Once juvenile salmon are in the vicinity of the SWP and CVP export water diversion facilities, 
they are more likely to be drawn into these facilities during water diversion operations.  Water 
diversions are expected to increase under the near future and future operations of the CVP and 
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SWP.  With exports increasing in the future with the implementation of the proposed action, and 
assuming that diversion into waterways leading to the export facilities and the entrainment of 
fish at those facilities is directly proportional to the amount of water exported, the proposed 
project increases the current vulnerability of emigrating salmonids to loss at the salvage facilities 
and reduces the already diminished quality of the habitat within the zone of entrainment to fish 
utilizing it.  Currently, exports are reduced during the VAMP period (31 days in April and May), 
providing some relief to the entrainment of emigrating salmonids.  Future actions under the 
proposed project reduce the extent of pumping reductions surrounding the VAMP period due to 
reduced amounts of environmental water available to compensate for the loss in exports.  This 
exacerbates the loss of fish during the April to May period when spring-run and fall-run Chinook 
salmon are emigrating through the Delta.  While screening facilities allow for many fish longer 
than 38 mm to be salvaged, considerable mortality is believed to occur when fish are less than 38 
mm.  In addition, smaller fish are not screened effectively (Kimmerer 2002, Brown et al., 1996).  
Evaluations of the salvage operations show them to be inefficient.  Overall survival of fish going 
through the CVP facilities is estimated to be approximately 35 percent, while the SWP facilities 
have a survival rate of only 16.5 percent.  The primary cause of low survival in the CVP is the 
reduced overall efficiency of the louvers, while at the SWP, losses in Clifton Court Forebay are 
the predominant reason for low survival.  Loss of fish following the salvage operations can also 
be significant, ranging from 10 to 30 percent following release back into the Delta environment,   
 
Though there are efforts in place to minimize entrainment, the Tracy Fish Collecting Facility 
(TFCF) primary louver (screen) panels cannot be cleaned without leaving gaping openings in the 
screen face.  Further, cleaning the secondary channel and louver panels takes the entire facility 
offline.  Also, during secondary louver screen cleaning operations, and secondary channel 
dewatering, the entire secondary system is shut down.  As a result, all fish salvage is 
compromised for the duration of the outage.  This loss in fish protection allows unscreened water 
to pass through the facility a minimum of 4 hours per day and up to 12 hours per day, depending 
on the debris loading of the louvers.  These periods of non-operation result in an underestimation 
of the loss of Chinook salmon to the pumps.  Also, significant delays in routine maintenance and 
replacement of critical control systems at the TFCF have occurred in the past and are likely to 
continue into the future, based on current practices.  Finally, the TFCF was designed for a 
maximum export rate of 4600 cfs, the rated capacity of the Tracy Pumping Plant (TPP).  The 
modeling completed to date indicates that the CVP intends to utilize the TPP to maximize the 
pumping capacity of the facilities to the greatest extent possible, thus operating the TFCF at its 
maximum design capacity, even with its current operational deficiencies. 
 
With regards to the John E. Skinner Fish Facility, there is currently no standard method for 
reporting problems associated with the operation and maintenance of the facility.  Delays in 
routine maintenance and replacement of critical control systems at the facility are not being 
reported to NMFS, as they are experienced.  Furthermore, reports of electrical power outages, 
which shut down the fish collection facility, are not reported in a timely fashion to NMFS. 
 
A fish barrier at the head of Old River is constructed in April and operated for 31 days to limit 
the movement of both water and outmigrant Chinook salmon into Old River.  The anticipated 
effect is to increase survival of fall-run smolts down the San Joaquin River past the Port of 
Stockton and westwards through the Delta.  However, if export levels are not reduced in concert 
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with increasing San Joaquin River flows under the VAMP experimental protocol, fall-run smolts 
from the San Joaquin River basin are diverted southwards towards the export facilities in the 
South Delta via one of the interconnecting waterways.  Recent telemetry studies conducted 
during the VAMP experiments confirm the diversion of Chinook salmon outmigrants to the CVP 
and SWP facilities in the south Delta (Vogel 2004, San Joaquin River Group Authority 2007, 
2008). 
 
The fish barrier at the Head of Old River is constructed again in the fall to improve water quality 
conditions for adult Chinook salmon returning to the San Joaquin River basin.  A previous study 
found that the placement of the barrier in the fall improves the dissolved oxygen content in the 
Stockton Deep Water Ship Channel, downstream from the head of Old River on the San Joaquin 
River (Hallock et al., 1970).  Having poor water quality/low dissolved oxygen in the ship 
channel has become a fish passage problem for returning adult salmon entering the San Joaquin 
River basin. 
 
In addition to the Head of Old River barrier, three agricultural barriers are constructed in each of 
the three main channels of the South Delta.  One is constructed in the Old River near the CVP’s 
TFCF location, the second is constructed in Grant Line Canal near the Tracy Boulevard Bridge, 
and the third is constructed in Middle River near its confluence with Victoria Canal.  These three 
barriers present passage impediments to migrating Chinook salmon due to channel blockage, 
predation, and alterations to the channel flow patterns in the affected area. 
 
F.  Fish Passage 
 
As noted above, opportunities to avoid or minimize adverse affects to EFH in specific project 
area may be constrained, and the potential for substantive habitat gains in these areas is minimal.  
Yoshiyama et al., (2001) noted that the primary cause in the reduction of in-stream habitat for 
Chinook salmon has been the construction of dams and other barriers.  Many of the direct 
adverse impacts to fall- and late fall-run EFH or the indirect impacts caused by these dams to the 
EFH of other Chinook salmon runs could be alleviated if fish passage were provided.  In Central 
Valley watersheds, dams block 95 percent of historic salmonid spawning habitat.  Additionally, 
non-Federal Federal Energy Regulatory Commission licensed dams account for approximately 
40 percent of all surface water storage in the Central Valley.  As a result, Chinook salmon are 
extirpated from approximately 80 percent of their historic habitat in the Central Valley.  In most 
cases, the habitat remaining is restricted to the valley floor where it was historically limited to 
seasonal migration use only.  Remnant populations below these dams are now subject to 
intensive river regulation and to further direct and indirect impacts of hydroelectric operations.  
 
 
           IV.  CONCLUSION 
 
Based on the best available information, NMFS believes that the proposed action would 
adversely affect EFH for Pacific salmon. 
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V.  EFH CONSERVATION RECOMMENDATIONS 
 
Appendix A of Amendment 14 to the Pacific Coast Salmon Plan (PFMC 1999) provides a 
general list of conservation measures.  NMFS recommends that the following be implemented in 
the action area.  Although these are general recommendations without specific actions, they are 
designed to indicate to Reclamation where opportunities exist within their authorities to 
compensate for the effects of the proposed project within other actions undertaken by 
Reclamation. 
 
Riparian Habitat Management:  In order to prevent adverse effects to riparian corridors, 
Reclamation and DWR should: 
 

• Maintain riparian management zones of appropriate width along Old River, Middle 
River, Grant Line/Fabian –Bell Canal, the lower San Joaquin River, and wherever the 
agencies have jurisdiction; 

• Reduce erosion and runoff into waterways within the project area; and 
• Minimize the use of chemical treatments within the riparian management zone to manage 

nuisance vegetation along the levee banks. 
 
Bank Stabilization:  The installation of riprap or other streambank stabilization devices can 
reduce or eliminate the development of side channels, functioning riparian and floodplain areas 
and off-channel sloughs.  In order to minimize these impacts, Reclamation and DWR should: 
 

• Use vegetative methods of bank erosion control whenever feasible.  Hard bank protection 
should be a last resort when all other options have been explored and deemed 
unacceptable; 

• Determine the cumulative effects of existing and proposed bio-engineered or bank 
hardening projects on salmon EFH, including prey species, before planning new bank 
stabilization projects; and 

• Develop plans that minimize alterations or disturbance of the bank and existing riparian 
vegetation. 

 
Conservation Measures for Construction/Urbanization:  Activities associated with 
urbanization (e.g., building construction, utility installation, road and bridge building, and storm 
water discharge) can significantly alter the land surface, soil, vegetation, and hydrology, and 
subsequently adversely impact salmon EFH through habitat loss or modification.  In order to 
minimize these impacts, the Reclamation and DWR should: 
 

• Plan development sites to minimize clearing and grading; 
• Use Best Management Practices in building as well as road construction and maintenance 

operations such as avoiding ground disturbing activities during the wet season, 
minimizing the time disturbed lands are left exposed, using erosion prevention and 
sediment control methods, minimizing vegetation disturbance, maintaining buffers of 
vegetation around wetlands, streams, and drainage ways, and avoiding building activities 
in areas of steep slopes with highly erodible soils.  Use methods such as sediment ponds, 
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sediment traps, or other facilities designed to slow water runoff and trap sediment and 
nutrients; and 

• Where feasible, reduce impervious surfaces. 
 
Wastewater/Pollutant Discharges:  Water quality essential to salmon and their habitat can be 
altered when pollutants are introduced through surface runoff, through direct discharges of 
pollutants into the water, when deposited pollutants are re-suspended (e.g., from dredging), and 
when flow is altered.  Indirect sources of water pollution in salmon habitat includes runoff from 
streets, yards, and construction sites.  In order to minimize these impacts, Reclamation and DWR 
should: 
 

• Monitor water quality discharge following National Pollution Discharge Elimination 
System requirements from all discharge points; 

• Work with State and Federal agencies to establish total maximum daily loads and 
develop appropriate management plans to attain management goals for those waters that 
are listed under Clean Water Act section 303 (d) criteria (e.g., the Delta); and 

• Establish and update, as necessary, pollution prevention plans, spill control practices, and 
spill control equipment for the handling and transport of toxic substances in salmon EFH 
(e.g., oil and fuel, organic solvents, raw cement residue, sanitary wastes, etc.).  Consider 
bonds or other damage compensation mechanisms to cover cleanup, restoration, and 
mitigation costs. 

 
Irrigation Water Withdrawal, Storage, and Management:  Water withdrawn for irrigation 
can have adverse impacts on Chinook salmon EFH.  Diversions may cause impediments to 
migration, physical entrainment or injury due to impingement altered flow profiles, changes in 
water temperature regimes, and fluctuations in water levels.  Alterations in the chemical and 
physical attributes of the aquatic environment may in turn affect the biological components of 
the aquatic habitat.  Return agricultural water discharging to salmonid-bearing waterways can 
substantially alter and degrade habitat.  General problems associated with agricultural return 
flows to surface waters include increased water temperatures, salinity, pathogens, decreased 
dissolved oxygen, increased contaminant loads from pesticides and fertilizers, and an increase in 
sediment loads.  In order to minimize these impacts, Reclamation and DWR should: 
 

• Apply conservation and enhancement measures for dams to water management activities 
and facilities where applicable; 

• Establish adequate in-stream flow conditions for salmonids using, for example, Instream 
Flow Incremental Methodology (IFIM); 

• Identify and use appropriate water conservation measures in accordance with state law; 
• Install flow meters at major diversion points to account for water delivered to users, in 

accordance with state law; 
• Screen water diversions on all fish bearing streams and waterways; 
• Incorporate juvenile and adult salmonid passage on all water diversions where migration 

blockage occurs; and 
• Undertake efforts to purchase or lease, from willing sellers and lessors, water rights 

necessary to maintain in-stream flows in accordance with appropriate State and Federal 
laws. 
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Dam Construction and Operation:  Dams built to generate power, store water, or provide flood 
control have significantly contributed to declines in salmonid populations in the Central Valley.  
Adverse effects include impaired fish passage (including complete blockage of natal streams); 
downstream alterations to water temperatures, water quality parameters, water quantity, flow 
patterns and hydrological profiles; interruption of nutrient flow downstream; loss of LWD input 
to downstream segments of the watershed from upstream reaches; disruption of the sediment 
transport mechanism which affects riparian, river, wetland, and estuarine systems downstream of 
the dam; increased competition from non-native species more adaptable to the altered conditions 
below the dams; and increased predation rates due to disorientation or injury from passing over 
or through the dam structure.  In order to minimize these impacts, Reclamation and DWR 
should: 
 

• Operate facilities to create flow conditions adequate to provide for passage, water quality, 
proper timing of life history attributes, avoid juvenile stranding and redd dewatering, and 
maintain and restore properly functioning channel, floodplain, riparian, and estuarine 
conditions; 

• Provide for adequate designing and screening of all dams, hydroelectric installations, and 
bypasses to meet specific passage criteria developed for dam operations on the West 
Coast; 

• Develop water and energy conservation guidelines and integrate them in to the daily dam 
operations and into regional and watershed-based water resource plans; and 

• Provide mitigation for non-avoidable adverse effects to salmonid EFH, including 
monitoring and evaluation of any mitigation or conservation plans undertaken under this 
section. 

 
NMFS also recommends that the habitat-based actions within the reasonable and prudent 
alternative from the Opinion be adopted as EFH Conservation Recommendations.  Finally, 
NMFS recommends that the following Conservation Recommendations be implemented. 
 
A.  Clear Creek 
 

1) Reclamation should increase the frequency of flood control spills from Whiskeytown 
Reservoir consistent with the RPA to improve channel maintenance and habitat 
variability. 

  
2) Reclamation should continue funding the CVPIA Clear Creek Restoration Program, the 

Gravel Augmentation Program, the (b)(2) water for anadromous fish, and the adult 
separation weir every year. 

  
3) Reclamation should replace the Whiskeytown Reservoir Temperature Curtain by March 

2010 to retain the original design efficiency and improve cold water releases to the 
Sacramento River. 
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4) Reclamation should implement short duration spring-time pulse flows (500 to 600 cfs) 
every year in order to attract spring-run Chinook adults before flows are reduced in the 
summer months. 

 
5) Reclamation should provide short duration (one to three days) fall spawning attraction 

flows of 500 cfs, as recommended by Denton (1986 op. cit. CVP/SWP operations BA), in 
October and November. 

 
6) Reclamation should manage flows for listed and non-listed salmonids only after all of the 

four IFIM studies planned for Clear Creek have been completed.  A new flow 
prescription should not be implemented until these study results can be reviewed and 
discussed by the Clear Creek Technical Team and agreement reached between the fish 
agencies.  The final flow regime should to balance the biological needs of all life stages 
(e.g., juveniles rearing vs. adult spawning) of the different runs (e.g., spring-run, fall-run, 
late fall-run, and steelhead). 

 
B.  Upper Sacramento River 
 

1) Reclamation should, working through the appropriate CALFED program, investigate 
alternatives to the rice decomposition program (i.e., baling rice straw, mulching, etc.,), 
and recommend ways of stabilizing, or increasing flows after September 30, to reduce 
redd dewatering. 

 
2) Reclamation should provide the necessary modeling and real time temperature data to the 

Sacramento River Temperature Control Task Group starting in February with the first 
water year allocation announcement and operations forecast.  In this way, decisions on 
water temperature management throughout the summer in the upper Sacramento River 
relative to fish habitat conditions and coldwater pool storage in Shasta Reservoir can also 
consider the habitat needs of fall and late fall-run. 

 
3) Reclamation should increase Spring Creek diversions in April, May, and June to 1500 cfs 

to provide colder water for Clear Creek and the main stem Sacramento River (benefits 
winter-run and fall-run). 

 
4) Reclamation should ramp down Sacramento River flows from August to December, as 

quickly as possible, following the RPA and CVPIA Anadromous Fish Restoration 
Program guidelines for stabilizing flows during the fall-run/late fall-run spawning period 
to reduce risk of dewatering redds.  Minimum flows for fall-run spawning have typically 
been 4,000 cfs from October through December, based on IFIM studies of habitat 
suitability curves.  Exceptions are allowed in critical and dry years when the RPA 
specifies ramping down to 3,250 cfs to preserve limited cold water resources in Shasta 
Reservoir.  Temperature targets should be moved downstream in September and October 
to protect fall- and late fall-run spawning and incubation.  Therefore, a 56ºF criterion 
should be maintained through October down to Bend Bridge in all years to protect at least 
30 percent of the main stem spawning population.  Fall-run will spawn as far downstream 
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as to RBDD, but usually not until November when ambient air temperatures cool the 
river. 

 
B. American River 
 

1) Implement the Flow Management Standard for the American River by following the flow 
schedule in Appendix D.  The flow management standards are minimum flows and 
should not preclude Reclamation from making higher releases at Nimbus Dam.   

 
       The Flow Management Standard includes fall-run protections.  Implementing this 
       schedule should also protect fall-run.  In the event that specific actions are needed to 
            maintain flows for fall-run, NMFS recommends that Reclamation use (b)(2) water to 
       achieve these flows. 
 

2) Reclamation should operate to achieve a daily average water temperature of 60°F or less 
as early as possible in October for fall-run holding and spawning.  Reclamation shall 
strive to maintain a daily average water temperature of 60ºF or less until November 1, 
and target 56°F or less as early in November as possible, for fall-run spawning and egg 
incubation.  These Water Temperature Objectives for fall-run should be met at Hazel 
Avenue in the Lower American River.  

 

 
The priority for use of the lowest water temperature control shutters at Folsom Dam shall 
be to achieve the Water Temperature Objectives for steelhead, and thereafter may also be 
used to meet the fall-run spawning water temperature objective. 

 
3) Fully evaluate below physical/structural actions to improve temperature management and 

make recommendations for implementation by June 2010.  Implement selected projects 
by 2012. 

 
The following temperature management actions have the potential to improve conditions 
for aquatic species in the Lower American River.  However, the precise benefits and 
costs of these actions need to be analyzed.  Alternatives for each of the actions listed 
below should be fully developed and analyzed, and the most effective alternatives to each 
action should be implemented.  

 
a) Improve the Folsom Dam temperature control device.  The objective of this action 

is to improve access to and management of Folsom Reservoir’s cold water pool.  
Alternatives for this action include operational and physical improvements including 
enhancement of the existing shutters, replacement of the shutter system, and 
construction of a device to access cold water below the penstocks.   

b) Improve cold water transport through Lake Natoma.  The objective of this action 
is to transfer cold water from Folsom Dam to Nimbus Dam with a minimum increase 
in temperature.  Alternatives for this action include physical or operational changes to 
Lake Natoma or Nimbus Dam including dredging, construction of temperature 
curtains or pipelines, and changes in Lake Natoma water surface elevation.   
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c) El Dorado Irrigation District (EID) Temperature Control Device.  The objective 
of this action is to conserve cold water in Folsom Lake.  Alternative intake structures 
have been analyzed by EID.  The most effective device should be constructed. 

 
4.) The following ramping rates should be followed: 
 

a) January 1 through May 30, at flow levels <5, 000 cfs, flow reductions should not 
exceed more than 500 cfs/day and not more than 100 cfs/hour; and 

b) each year from January 1 through May 30, Reclamation should coordinate with 
NMFS, CDFG, and USFWS to implement and fund monitoring in order to estimate 
the incidental take of salmonids associated with reductions in Nimbus Dam releases.   

c) Minimize flow increases to 4000 cfs or more year round. 
 
C.  Stanislaus River 
 

1) Reclamation should implement an in-stream flow schedule, as measured at Goodwin 
Dam, that provides optimum flows for fall-run as defined by Aceituno (1993), or as 
defined by future analyses of salmon in-stream flow needs.  Additionally, this schedule 
should include sufficient spring flows in April and May to convey salmon smolts through 
the lower river and to the Delta.   

 
2) Reclamation should conduct fall attraction flows of a minimum of 1,250 cfs for two 

weeks in October.  This recommendation will assist adult fall-run immigration to the 
Stanislaus River.  The purpose is to provide flow cues downstream for incoming adults, 
as well as providing some remedial effect on the low dissolved oxygen conditions that 
develop in the Stockton Deep Water Ship Channel.   

 
3) Reclamation should implement late spring and early summer flow ramping rates to allow 

establishment of riparian trees at a minimum frequency of every five years. 
 

4) Reclamation should implement spawning gravel replenishment projects on the Stanislaus 
River, in addition to the current 3,000 cy/year base level augmentation rate applied under 
CVPIA (b)(13) authorities. 

 
5) Reclamation should implement projects to improve salmonid rearing habitat and 

floodplain connectivity, including creation of side-channel habitat, isolation of predator-
rich in-river mining pits, and periodic increased flows to inundate floodplain habitat.   

 
D.  Delta Ecosystem 
 

1) Delta Cross Channel (DCC) Gates:  To increase the survival of out-migrating fall- and 
late fall-run, NMFS recommends that the DCC gates be closed as early as possible, under 
an adaptive management program based on monitoring outmigrant movements starting 
November 1.  No later than on December 15 of each year, the DCC gates should be 
closed to protect outmigrant Chinook salmon, unless NMFS approves a later date.  The 
DCC gates should remain closed for the protection of Pacific salmonids until June 15 of 
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each year, unless NMFS approves an earlier date.  Water quality considerations in the 
Delta will be one cause for a request to vary from these dates, but NMFS will have final 
authority on closure. 

 
2) Tracy Fish Collection Facility (TFCF) 

 
a) At the TFCF, Reclamation should submit to NMFS for approval, no later than 12 

months from the date of issuance of this document, one or more solutions to the loss 
of Chinook salmon associated with the cleaning of the primary louvers.  In the event 
that a solution is not in place within 24 months after the issuance of this document, 
NMFS recommends that export pumping at the Tracy Pumping Plant cease during 
Tracy Pumping Plant louver screen cleaning operations. 

b) Also at the TFCF, Reclamation should submit to NMFS for approval, no later than 12 
months from the date of issuance of this document, one or more solutions to the loss 
of Chinook salmon with regard to the secondary louver screen cleaning and 
secondary channel dewatering.  In the event that a solution is not in place within 24 
months after the date of issuance of this document, NMFS recommends that export 
pumping at the Tracy Pumping Plant cease during outages of the secondary system, 
such as occurs during the secondary louver screen cleaning operations, debris 
removal, and predator management programs. 

c) Beginning on the first day of the month following the issuance of this document, and 
monthly thereafter, but no later than five working days after the first day of the 
month, Reclamation should submit a TFCF Status Report to the NMFS Engineering 
Team Leader.  The report should be in a format acceptable to both parties, but should 
describe the status of each component of the fish salvage system, and should provide 
a schedule for the correction of each deficiency, with defined checkpoints for 
completion.  Failure to comply should result in the cessation of pumping at the Tracy 
Pumping Plant until said report is issued. 

d) NMFS staff  (scientific and enforcement) should be permitted reasonable access to 
the TFCF, and its records of:  (i) operation; (ii) fish salvage; (iii) fish transportation 
and release activities; and (iv) research activities conducted at the TFCF, during both 
announced and unannounced inspection visits. 

e)   NMFS recommends that Reclamation undertake ways to reduce predation on juvenile 
fall- and late fall-run by undertaking predator removal studies at the Tracy facility 
and also at post-release sites for salvaged juveniles.  Loss calculations should be 
adjusted reflecting results of these predation studies. 

 
3) Tracy Pumping Plant (TPP) 

 
A plan to limit TPP exports to 4,600 cfs should be prepared and implemented.  This 
restriction should remain in place until a plan to expand the TFCF capacity is prepared, 
approved by NMFS, and implemented. 
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4) J.E. Skinner Delta Fish Facility 

 
a) Beginning on the first day of the month following the issuance of this document, and 

monthly thereafter, but no later than five working days after the first day of the 
month, DWR should submit a J.E. Skinner Delta Fish Facility Status Report to the 
NMFS Engineering Team Leader.  The report should be in a format acceptable to 
both parties, but should describe the status of each component of the fish salvage 
system, and provide a schedule for correcting each deficiency, with defined 
checkpoints for completion.  Failure to comply should result in the cessation of 
pumping at the Banks Pumping Plant until said report is issued. 

b) NMFS staff  (scientific and enforcement) should be permitted reasonable access to 
the J.E. Skinner Delta Fish Protective Facility and its records of:  (i) operation; (ii) 
fish salvage; (iii) fish transportation and release activities; and (iv) research activities 
conducted at the facility, during both announced and unannounced inspection visits. 

c) NMFS recommends that DWR undertake ways to reduce predation on juvenile fall- 
and late fall-run by undertaking predation management studies at post-release sites 
for salvaged juveniles.  Within 12 months of the issuance of this document, a final 
proposal should be sent to NMFS for review.  Within 24 months of NMFS’ 
acceptance of the proposal, the “plan” should be implemented.  Failure to meet this 
timeline should result in the cessation of pumping at SWP facilities unless NMFS 
agrees to an extended timeline. 

d) NMFS recommends that alternatives to reduce “pre-screen” losses (predation) in 
Clifton Court Forebay be developed within 12 months of the issuance of this 
document.  Within two years of developing such a plan, the “plan” will be 
implemented to reduce the predation impact.  Failure to meet this timeline should 
result in the cessation of pumping at SWP facilities unless NMFS agrees to an 
extended timeline. 

 
5) CVP and SWP Fish Hauling Protocols 

 
Fish hauling runs for salmonids should be scheduled at least every 12 hours, or more 
frequently if required by the “Bates Table” calculations (made at each count and recorded 
on the monthly report). 

 
6) Rock Slough Intake and Other Fish Screening Projects, Including CVPIA-Anadromous 

Fish Screening Program (AFSP) 
 

a) Reclamation should ensure that the CVP and SWP aggressively move to fully engage 
the CVPIA-AFSP, with appropriate funding, and implement the major projects 
already designed. 

b) Until the Rock Slough diversion is screened, pumping at this site should be avoided 
whenever Chinook salmon are detected in the vicinity of the intake.  The Contra 
Costa Water District should use its two operating screened diversions (Los Vaqueros-
Old River and Mallard Slough), the Alternative Intake Diversion on Victoria Canal 
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once completed, and the available storage in the Los Vaqueros Reservoir, to offset 
this restriction. 

c) The current fish-monitoring plan should continue until such time as the use of the 
unscreened Rock Slough diversion is resolved, whether by screening or other means. 

 
7) Habitat Restoration 

 
a) Reclamation should aggressively pursue opportunities to acquire land and/or obtain 

easements to create habitat restoration sites in the Delta region. 
b) Habitat restoration projects should target the creation of riparian habitat, freshwater 

and tidal marshes, and shallow water habitats beneficial to salmonid life histories.  
Habitat restoration activities should target actions that increase the amount of useable 
habitat for salmonids and reverse the simplification of the Delta habitat created by 
channelization of Delta waterways and riprapping of levee banks. 

c) Reclamation should seek out opportunities to partner with other Federal, State, or 
non-governmental parties to further this recommendation. 

 
 
 VI.   STATUTORY REQUIREMENTS 
 
Section 305(b)(4)(B) of the MSFCMA requires that the Federal agency provide NMFS with a 
detailed written response within 30 days, and 10 days in advance of any action, to the EFH 
conservation recommendations, including a description of measures adopted by the Federal 
agency for avoiding, minimizing, or mitigating the impact of the project on EFH [50 CFR 
600.920(j)].  In the case of a response that is inconsistent with our recommendations, 
Reclamation must explain its reasons for not following the recommendations, including the 
scientific justification for any disagreement with NMFS over the anticipated effects of the 
proposed action and the measures needed to avoid, minimize, or mitigate such effects. 
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Proposed Project Overview
 “OCAP” stands for Operations Criteria and Plan
 The OCAP Section 7 ESA consultation is for Federal Central 

Valley Project (CVP) and California State Water Project 
(SWP)

 Key Features:
 Very complex due to large geographic scope
 Long-term operations proposed until 2030, including growth and 

climate change effects
 Multiple species: including 5 in NMFS jurisdiction, 1 in FWS
 Importance: drinking water supply for 25 million people, and for vital 

Central Valley agricultural industry and 
 Commercial salmon fishery



Shasta Dam

Red Bluff Diversion Dam

New Melones Dam

Delta Pumping Facilities



ESA Consultation Background

 NOAA Fisheries Service’s first OCAP opinion was completed in 
1993

 Second much more controversial opinion was completed in 
2004.  Federal court invalidated this Opinion in 2008, finding it 
arbitrary and capricious, and ordered that NMFS prepare a new 
Opinion. 

 Third Opinion issued on June 4, 2009, draft posted on website 
(December 2008).  Litigation is anticipated.

 Close coordination with the USFWS on their 2008 OCAP Delta 
smelt opinion and vice versa – to ensure consistency



2009 OCAP
Consultation Process

 Used a team of experienced federal biologists and hydrologists.

 Adhered closely to legal requirements, agency guidelines, and 
used the best available scientific and commercial information

 Maintained close and meaningful collaboration with the Bureau 
of Reclamation,  CA DWR, U.S. Fish and Wildlife Service, and 
CA Department of Fish and Game

 Draft opinion peer reviewed by the CalFed Independent Science 
Panel and the Center for Independent Experts
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Effects Overview

 Shasta Reservoir:  Future operations, including climate change:
 16 - 65% mortality of winter-run eggs

 Red Bluff Diversion Dam:
 Delays passage of 15% of the winter-run and 70% of the 

spring-run
 Blocks 35% of green sturgeon from its only known spawning 

ground

 American River: Mean water temperatures above 65°F ~75% in 
June, 100% in July and August, >95% in September, resulting in 
increased incidence of disease in juvenile steelhead.



Effects Overview

 Juvenile survival at export facilities: 
 1 in 3 survive through the Federal facilities, 
 1 in 6 survive through the State facilities

 Overall mortality in the interior Delta: 
 35-90% of those that enter interior Delta
 5-20% of each winter-run Chinook population

 Juvenile San Joaquin River steelhead:  
90-99% mortality from project and non-project 
stressors



Key Elements of the Reasonable and 
Prudent Alternative

 New temperature management program for Shasta 
Reservoir and the Upper Sacramento River, 

 Long-term passage prescriptions at Shasta Dam to 
allow re-introduction of listed salmon

 Flows and temperatures in Clear Creek below 
Whiskeytown Dam. 

 Red Bluff Diversion Dam gate openings and an 
alternative pumping plant is built, and by 2012, opening 
of the gates all year. 

 Improved juvenile rearing habitat in the lower 
Sacramento River basin and Delta 



Reasonable and Prudent Alternative 
(continued)

 Delta Cross Channel Gates - additional gate closures during key 
times when listed fish are likely to be migrating through the 
area

 Old and Middle Rivers - Flows will be modified to reduce the 
number of juveniles exposed to the water export facilities, and 
facility improvements to reduce mortality

 Delta Pumps - Increased San Joaquin River flows and water 
export curtailments.  

 Studies - Significant new study of acoustic tagged fish in the 
San Joaquin Basin to evaluate the effectiveness of the RPA and 
refine it over the life-time of the project. 



Reasonable and Prudent Alternative 
(continued)

 American River  - New flow  and temperature 
plan; fish passage at Folsom Dam 

 Stanislaus River – new flow schedule
 Hatchery Genetics Management Plan for 

Nimbus Hatchery for steelhead and Fall-run 
Chinook salmon.



RPA Flexibilities (general)

 Real-time operations
 Phased-in implementation
 Performance-based approaches
 Take limits based on JPE
 Actions tiered to water year type/drought 

exception
 Science/adaptive



Water Supply Impacts

NMFS estimates 5-7% of the combined South Delta 
exports of the State and Federal facilities, on 
average, or 330,000 AF 

This estimate is over and above the water costs of the 
FWS smelt opinion.

These water costs could be offset by b(2) water



Peer reviews of the
December 11, 2008 draft Opinion

 CALFED Science Program

 Center for Independent Experts

 Supported NMFS overall conclusions

 Significant changes made in response to peer 
review recommendations



Fall-run Chinook commercial fishery
 Southern Resident Killer Whale Analysis examined Fall run 

as prey base

 Examples of RPA actions benefiting Fall-run:
 Red Bluff Diversion Dam “gates out”
 Rearing habitat in lower Sacramento River
 Increased DCC closures and Old and Middle River flow restrictions
 Improved salvage operations
 Increased gravel augmentation
 Improved “carryover storage” at Shasta
 San Joaquin River/Stanislaus flows and export reductions
 Battle Creek restoration

 Essential Fish Habitat Recommendations

 Hatchery Genetic Management plans
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HABITAT COMMITTEE REPORT ON CENTRAL VALLEY ENDANGERED SPECIES ACT 
BIOLOGICAL OPINION AND SACRAMENTO RIVER FALL CHINOOK STOCK 

COLLAPSE 
 

The Habitat Committee (HC) received an update from National Marine Fisheries Service 
(NMFS) Sacramento field office staff on the June 4, 2009, biological opinion (BO) and essential 
fish habitat (EFH) analysis for the Central Valley Project and State Water Project Operations 
Criteria and Plan (OCAP).  NMFS concluded that the project is likely to jeopardize the continued 
existence of the following Endangered Species Act (ESA) listed populations: Sacramento River 
winter Chinook, Central Valley spring Chinook, Central Valley steelhead, Central California 
Coast steelhead, Southern Distinct Population Segment of North American green sturgeon, and 
Southern Resident killer whales.  The BO included sections on reasonable and prudent 
alternatives (RPA), amount of incidental take expected, and ESA conservation 
recommendations.  The BO also includes a section on EFH and provided EFH conservation 
recommendations for fall and late-fall run Chinook salmon.  
 
Bureau of Reclamation (BOR) has provisionally accepted the RPA pertaining to listed species.  
However, BOR has not responded to the EFH conservation recommendations for fall and late-
fall run Chinook.  Although many of the actions prescribed in the RPA will also provide 
protections to fall and late-fall run Chinook, the EFH conservation recommendations provide 
additional and focused protection for these non-listed Chinook stocks, which are important prey 
supporting the Southern Resident killer whale  population.  According to Magnuson-Stevens Act 
(MSA) Section 305(b)(4)(B), BOR must provide a detailed response in writing to the 
conservation recommendations provided by NMFS within 30 days of receiving the 
recommendations.  Given the importance of these stocks to the Council and the fishing 
community, the HC suggests that the Council encourage BOR to respond to NMFS on the EFH 
conservation recommendations. In addition, the Council should encourage speedy completion of 
consultations with NMFS on the effects of their action on EFH for various Federally managed 
species under the coastal pelagic and Pacific groundfish fishery management plans.  The HC 
requests that the Council direct the HC to draft a letter to BOR for Council consideration in 
November that would address these points. 
 
In addition, the impacts of the Trinity River Division of the Central Valley Project (CVP) on 
Southern Oregon/Northern California Coastal Coho are being addressed in a separate BO.  
Because these actions are linked to water operations covered under CVP OCAP, the HC believes 
it is important to complete this BO in a timely manner.  The HC was informed by NMFS staff 
that the BO is currently undergoing peer review and may be available as early as November 
2009.   
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Agenda Item G.3.c 
Supplemental SAS Report 
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SALMON ADVISORY SUBPANEL REPORT ON CENTRAL VALLEY ENDANGERED 
SPECIES ACT BIOLOGICAL OPINION AND SACRAMENTO RIVER FALL CHINOOK 

STOCK COLLAPSE 
 
The Salmon Advisory Subpanel (SAS) believes the Reasonable and Prudent Alternatives 
expressed in the Biological Opinion provides a major step towards protection of Central Valley 
salmon and restoration of their habitat.  The SAS recommends National Marine Fisheries Service 
consider including fall run Chinook in the fish passage projects proposed for Shasta, Nimbus, 
and Folsom dams.  This could lead to reestablishing naturally spawning populations in those 
basins that could contribute to the hatchery genetics management plan (HGMP) objective of 
increasing the genetic diversity of fall run Chinook salmon.  While the primary objective of the 
HGMP is to provide a more stable food source for Southern Resident Killer Whales, the 
increased resilience and productivity of the fall Chinook stock would also benefit another 
component of the ecosystem, Council area fisheries, and help prevent stock collapses like those 
seen in 2008-2009. 
 
The SAS is also encourages the complete removal of Red Bluff Diversion Dam (RBDD), in 
addition to the proposed lifting of gates.  The RBDD represents a significant migration 
obstruction to all salmon stocks as well as green sturgeon, and provides a refuge for predators 
like pike minnows that are known to cause significant mortality to downstream migrants. 
 
The SAS also endorses the recommendations in the Habitat Committee Report (Agenda Item 
G.3.c, Supplemental HC Report) relating to compliance with statutory requirements for the 
Bureau of Reclamation to respond to the Essential Fish Habitat conservation recommendations.   
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National Marine Fisheries Service (NMFS) Northwest Region will report on recent 
developments relevant to salmon fisheries and issues of interest to the Pacific Fishery 
Management Council (Council). 
 
Council Task: 
 
1. Discussion. 
 
Reference Materials: 
 
1. Supplemental Informational Report 3:  Lower Columbia River Tule Fall Chinook Life-Cycle 

Analysis, NOAA Fisheries. 
 
Agenda Order: 
 
a. NWR and NWFSC Activities Frank Lockhart 
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Executive Summary
The Magnuson-Stevens Reauthorization Act of 2006 (MSRA) established two requirements for National Oceanic and 
Atmospheric Administration National Marine Fisheries Service (NMFS) for Klamath River Basin salmonids: develop 
a recovery plan for Klamath River coho (completed in 2007) and submit an annual report to Congress beginning in 
2009 addressing recovery actions, progress in restoration, status of anadromous fish populations, and status of actions 
in response to National Research Council recommendations on Klamath Basin salmon stocks.  This document is the 
first annual Klamath River Basin Report to Congress.

The Klamath River Basin historically was home to robust and resilient populations of salmon and steelhead popu-
lations.  Today, sustaining and rebuilding these populations is often in conflict with communities competing for 
limited supplies of water and other factors impacting the species.  Salmon and steelhead populations have declined 
significantly in abundance and viability over the past century.  The State of California and NMFS listed coho salmon 
as a threatened species under state and federal Endangered Species Acts, including populations in the Klamath River 
Basin.  Recently, NMFS severely restricted West Coast salmon fisheries in part due to low returns of fall run Chinook 
salmon to the Klamath.  While once the most abundant salmon run returning to the distant spawning areas in the 
upper Klamath River Basin Sprague and Williamson Rivers, only remnant populations of wild spring run Chinook 
salmon return to the Klamath River Basin today due to the presence of dams without fish passage.  Hatchery pro-
grams intended to mitigate the effects of the dams and loss of hundreds of miles of historic salmon habitat have 
augmented commercial, recreational, and tribal fisheries for decades.  However, current hatchery programs on the 
Klamath and Trinity Rivers also reduce potential conservation benefits gained from investments in habitat restora-
tion projects and continue to limit full restoration and recovery of wild salmon and steelhead populations.  Periods of 
drought throughout the region have put pressure on limited water resources and increased tensions among Klamath 
River Basin communities.    

To offset the myriad factors responsible for the current status of Klamath River salmon and steelhead populations, 
NMFS and other federal, state, local, tribal, not-for-profit, and private sector entities annually fund and contribute 
to implement important restoration and recovery activities.  Through partnerships and collaboration, Klamath River 
Basin communities have worked together to help make important improvements to watershed habitat conditions for 
salmon and steelhead.  Due to the importance of conservation partnerships to salmon restoration, this 2009 Klamath 
Report to Congress showcases many of the “partnership projects” occurring throughout the Klamath River Basin.

Restoration and recovery of salmonid species within the Klamath River Basin requires investments and collaboration, 
as well as effective means to measure progress.  Investments in monitoring to establish linkages between restora-
tion activities and the components of viable salmon populations are needed to understand the effectiveness of the 
efforts and to prioritize future activities.  In this report NMFS tracks the financial investment towards Klamath River 
Basin salmon and steelhead restoration and recovery and identifies many of the partners engaged in funding activi-
ties.  Future reports will continue to track progress such as stream miles or acres restored.  Over the long-term, these 
measures of progress will help to establish linkages between improved habitat conditions and measures of salmon 
population viability.  While substantial restoration investments have been made in the Klamath River Basin, funding 
for monitoring salmon populations to understand such linkages has been unreliable.  
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Exhibit 1:  Example Land Management Responsibilities in 
the Klamath River Basin

US Fish and Wildlife 
Service National 
Wildlife Refuge

Bear Valley

Clear Lake

Klamath Marsh

Lower Klamath

Tule Lake

Upper Klamath

US Forest Service 
National Forests

Fremont-Winema

Klamath

Modoc

Shasta-Trinity

Six Rivers

National Parks & 
Monuments

Crater Lake National Park (National Park Service)

Cascade-Siskiyou National Monument (Bureau of 
Land Management)

Lava Beds National Monument (National Park 
Service)

Wild and Scenic 
River Designations

Portions of the Klamath River (including Scott and 
Salmon Rivers)

Portions of the Trinity River

North Fork Sprague River

Sycan River

Federally 
Recognized Indian 
Tribes

Hoopa Valley Indian Tribe

Karuk Tribe

Klamath Tribes of Oregon

Quartz Valley Indian Tribe

Resighini Rancheria

Yurok Tribe

Introduction

Only a century ago, people of the Klamath River Basin could 
rely on healthy salmon populations to provide essential subsis-
tence and cultural values.  Fishing communities once thrived 
on the abundant salmon while rural agricultural and timber 
communities depended on vast land and water resources for 
economic and social stability.  Today, these uses are often in 
conflict as salmon runs decline and communities compete for 
limited supplies of water and other natural resources.  Once 
the third-largest producer of salmon on the West Coast, the 
Klamath River requires conscientious and continued steward-
ship based on partnerships among federal, state, local, tribal, 
private and non-profit entities to restore its salmon heritage.

Lands and People in the Klamath River Basin

The Klamath River Basin encompasses over 10 million acres 
of southern Oregon and northern California (see Appendix 
A).  The region includes approximately 96,000 acres of tribal 
trust lands, 4 million acres of private lands, and 6 million 
acres of public lands.  Public lands are managed under the 
authority of several different federal agencies and programs, 
while tribal lands serve six different tribes in the Basin (Ex-
hibit 1).  

Water and Fish in the Klamath River Basin 

The Klamath River originates in southern Oregon, east of the 
Cascade Mountain range and flows 263 miles through south-
ern Oregon and northern California bisecting the Cascade and 
Coast mountain ranges before entering the Pacific Ocean.  The 
Wood, Williamson, Sprague, and Sycan Rivers are significant 
headwater tributaries that flow into Upper Klamath Lake.  
Water flows from Upper Klamath Lake into the Link River, 
and then into Lake Ewauna near Klamath Falls, Oregon.  The 
Klamath River officially begins at the downstream end of Lake 
Ewauna.  Iron Gate Dam, approximately 73 miles from Lake 
Ewauna, is a dividing point, artificially creating the upper and 
lower river basins of the Klamath River.  Major tributaries of 
the lower Klamath River are the Shasta, Scott, Salmon, and 

Trinity Rivers.  The Klamath River enters the Pacific Ocean 
about 22 miles south of the California-Oregon border, 190 
miles below the Iron Gate Dam.

The fish community of the Klamath River Basin is comprised 
of  several  anadromous species, including Chinook salmon 
(Oncorhynchus tshawytscha), coho salmon (Oncorhynchus 
kisutch), steelhead trout (Oncorhynchus mykiss),1 green stur-
geon (Acipenser medirostris), Pacific eulachon (Thaleichthys 
pacificus), and Pacific lamprey (Lampetra tridentate).  Chi-

1  Steelhead are the anadromous life form of freshwater rainbow trout that 
migrate to the ocean and return to freshwater streams to spawn.
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January 12, 2007, President Bush signed the Magnuson-Ste-
vens Fishery Conservation and Management Reauthorization 
Act of 2006 (MSRA).5  The MSRA included two requirements 
for NMFS regarding the Klamath River Basin salmonids.6  
NMFS was required to prepare a recovery plan for Klamath 
River coho salmon.  This plan was completed in 2007.7  Addi-
tionally, the MSRA required NMFS to submit an annual report 
to Congress beginning in 2009 and describing the following:

•	 �Actions taken by NMFS and other agencies under the 
MSRA Klamath River Coho Salmon Recovery Plan and 
other laws relating to the recovery of Klamath River coho 
salmon and how those actions specifically contribute to 
recovery;

•	 �Progress made on restoration of salmon spawning habitat, 
including water conditions as they relate to salmon health 
and recovery, with emphasis on the Klamath River and  
tributaries below the Iron Gate Dam;

•	 �Status of other Klamath River anadromous fish popula-
tions, particularly Chinook salmon; and

•	 �Actions taken by the NMFS to address the 2003 National 
Research Council (NRC) recommendations regarding 
monitoring and research on Klamath River Basin salmon 
stocks.8

This “2009 Report to Congress” fulfills the MSRA 2009 report-
ing requirement while providing a synopsis of programs and 
activities established under other state and federal laws, includ-
ing the ESA, the federal Clean Water Act, the CESA, and the 
Federal Power Act (FPA).  Due to the importance of successful 
conservation partnerships to salmon restoration, this Report 
also highlights “partnership projects” throughout the Klamath 
River Basin.

5  Magnuson-Stevens Fishery Conservation and Management Reauthorization 
Act. Public Law No. 109-479, 120 Stat. 3575 (2007).  Available online at: http://
www.nmfs.noaa.gov/msa2007/index.html.
6  MSRA Section 113(b).
7  NMFS Southwest Region. The Magnuson-Stevens Reauthorization Act Kla-
math River Coho Salmon Recovery Plan. 10 July 2007.  Available at: http://swr.
nmfs.noaa.gov/salmon/MSRA_RecoveryPlan_FINAL.pdf.
8  NRC. Endangered and Threatened Fishes in the Klamath River Basin: Causes 
of Decline and Strategies for Recovery.  Committee on Endangered and 
Threatened Fishes in the Klamath River Basin, Nation Research Council.  424 
pp.  Available at: http://www.nap.edu/catalog/10838.html.

nook salmon, coho salmon, and steelhead are the focus of this 
Report.  They spend all or part of their adult life in saltwater 
and return to freshwater streams and rivers to spawn.  The 
habitat required by salmonids as they progress from egg, fry, 
juvenile and adult life-stages includes the mainstem Klamath 
River and tributaries, coastal estuary and wetlands, and the 
Pacific Ocean.  Depending on the species, juvenile salmon can 
spend a few months to more than a year in freshwater until 
migrating to the open ocean.  During their in-river life stages, 
salmonids utilize a variety of complex habitat types to maxi-
mize their chance of survival.  Wild salmonids generally spend 
one to four years in the open ocean before returning to spawn 
in their birth streams, thus isolating them into genetically and 
geographically distinct populations.  

The National Marine Fisheries Service (NMFS) groups dis-
tinct and individual populations of salmon into Evolutionary 
Significant Units (ESUs) for salmon and Distinct Population 
Segments (DPSs) for steelhead (see Appendix B).  There are 
four ESUs/DPSs in the Basin.  The Southern Oregon/Northern 
California Coast (SONCC) coho salmon ESU includes the 
Klamath River coho salmon population, listed as a threatened 
species in 1997 under the federal Endangered Species Act 
(ESA).2  The SONC Chinook salmon ESU, the Upper Klamath 
and Trinity Rivers Chinook salmon ESU, and the Klamath 
Mountain Province steelhead DPS were reviewed by NMFS 
for possible federal listing, and were determined not to war-
rant protection under the ESA.  In 2002, the California Fish & 
Game Commission officially listed coho salmon populations 
from San Francisco to the Oregon border, including Klamath 
River Basin populations, under the California Endangered 
Species Act (CESA).3   

Purpose of this Report

Originally enacted by Congress in 1976, the Magnuson-Ste-
vens Fishery Conservation and Management Act (Magnuson-
Stevens Act - MSA) is the primary law governing management 
of marine fisheries in federal waters of the United States.4  On 

2  62 Fed. Reg. 24588, May 6, 1997 (codified at 50 CFR Section 223.102).
3  California Fish and Game Code. Section 2050-2068.
4  Magnuson-Stevens Fishery Conservation and Management Act. Public Law 
94-265, approved April 13, 1976. 

http://www.nmfs.noaa.gov/msa2007/index.html
http://www.nmfs.noaa.gov/msa2007/index.html
http://swr
http://www.nap.edu/catalog/10838.html


Partnership Project: Scott Valley 
Diversion Dam Removals

Scott Valley communities rely on agriculture for their livelihoods. 
In past seasons, farmers have diverted irrigation water by creating 
gravel  berms directly in rivers and creeks. This activity resulted in 
disturbances to salmon and steelhead habitat and blocked juvenile 
and adult migration to upstream spawning and rearing habitat. The 
Scott Valley Resource Conservation District has partnered with lo-
cal landowners to install a series of boulder step pools in place of 
the gravel push-up dams. These pools gradually increase stream 
elevation with areas for salmon to rest.  As designed, these pools 
provide fish passage through the diversion dams at all times of the 
year while continuing to allow farmers to withdraw water through 
their existing head-gates without blocking access to upstream 
habitat.
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Status of Species

In the early 1900s Klamath River salmonids were abundant, 
supporting numerous communities and uses, their numbers 
rivaled only by populations in the Columbia and Sacramento 
Rivers.  A century later, fish populations have declined to 
a fraction of their historical numbers.  The causes of these 
declines are based on a myriad of factors.

Evaluating the Viability of Salmonid  
Populations

NMFS uses the concept of a Viable Salmonid Population 
(VSP) to evaluate the status and assess the factors affecting 
a fish population and its chances for recovery.9  A VSP 
is an independent population of any salmonid that has a 
negligible risk of extinction due to population variation, local 
environmental changes, and genetic changes over a 100-
year time frame.  The VSP approach helps address the lack 
of reliable data on population numbers for some species by 
developing a better understanding of threats to populations 
and identifying actions to enhance viability.  To meet ESA 
recovery standards, a species must exhibit high levels of 
resiliency.  Resiliency allows for activities that may reduce 
the abundance or habitat of populations.  NMFS uses VSP to 
examine the complex linkages between human impacts and 
parameters that affect specific populations.  The VSP approach 
also considers factors such as climate change and ocean 
conditions.

The principal VSP parameters identified by NMFS to evaluate 
the risk of extinction of salmonid populations include 
abundance, population growth rate (productivity), population 
spatial structure, and genetic or life-history diversity (Exhibit 
2).  A decline in any of these factors means reduced population 
resilience to environmental variation at local or landscape-level 
scales. 

9  McElhany, P., M.H. Ruckelshaus, M.J. Ford, T.C. Wainwright, and E.P. 
Bjorkstedt. 2000. Viable salmonid populations and the recovery of evo-
lutionarily significant units. U.S. Dept. Commerce, NOAA Tech. Memo. 
NMFS-NWFSC-42,156 p.  Available at: http://www.nwfsc.noaa.gov/as-
sets/25/5561_06162004_143739_tm42.pdf.

Exhibit 2: Parameters for Viable Salmonid Populations

Parameter Definition

Abundance The number of individuals in a population at a given life stage or time.  Higher levels of environmental variability require greater 
abundance to maintain a population.  

Productivity A population’s potential for increasing or maintaining its abundance over time (i.e., growth rate). 

Spatial Distribution The distribution of a population at any life stage among available or potentially available habitats. 

Diversity A measure of life history variation, and other characteristics expressed by individuals within a population, including genetic and 
behavioral variation. 

http://www.nwfsc.noaa.gov/as-sets/25/5561_06162004_143739_tm42.pdf
http://www.nwfsc.noaa.gov/as-sets/25/5561_06162004_143739_tm42.pdf
http://www.nwfsc.noaa.gov/as-sets/25/5561_06162004_143739_tm42.pdf
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Chinook Salmon

Chinook salmon continue to be the most abundant salmonid 
in the Klamath River Basin, supporting important commer-
cial, sport and tribal fisheries.  Chinook salmon from the ESU 
spawn in the mainstem Klamath River and tributaries up to 

Trends in Abundance 

Long-term population abundance data are limited for 
anadromous Klamath River salmonids.  The earliest data 
primarily consist of catch records for Chinook salmon from 
early 20th century canneries.  Through the mid-1900s, 
monitoring efforts in the Klamath River Basin primarily 
focused on fall Chinook salmon due to their commercial 
fishery and tribal harvest value.  The data and information on 
Chinook salmon indicate that population levels have declined 
significantly since the early 20th century.  Data for other 
species of salmonids are sparse.  Due to the differences in the 
timing of runs and commercial value, long-term monitoring 
efforts rarely focused on coho salmon and steelhead.  Despite 
the lack of cohesive long-term data sets to assess population 
trends, the data that do exist indicate significant population 
declines in all species throughout the 1900s, leading to a 
current state of low abundance.  Currently, a significant 
portion of Chinook salmon and coho salmon that return to 
spawn in the Klamath River Basin are fish that were spawned 
in hatcheries.
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Exhibit 3:  Estimated Fall Run Chinook Salmon Abundance from 1978 to 2007 in the Klamath River Basin
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A Fall Chinook abundance numbers are the sum of wild and hatchery fish escapement and fish harvest estimates.  Hatchery estimates may be 
unreliable due to the limited number of hatchery fish marked in the Basin.
B 2002 abundance numbers include a mortality estimate of 30,550 hatchery and wild adult fall Chinook due to a fish die-off.  Data provided by 
U.S. Fish and Wildlife Service, available at http://www.fws.gov/arcata/fisheries/reports/technical/Klamath_River_Dieoff_Mortality_Report_
AFWO_01_03.pdf.

Source:  Pacific Fishery Management Council. 2008. Review of 2007 Ocean Salmon Fisheries. (Document prepared for the Council 
and its advisory entities.) Pacific Fishery Management Council, 7700 NE Ambassador Place, 
Suite 101, Portland, Oregon 97220-1384.

http://www.fws.gov/arcata/fisheries/reports/technical/Klamath_River_Dieoff_Mortality_Report_
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the confluence of the Trinity River.  Chinook salmon from the 
Upper Klamath and Trinity River ESU spawn in the Klamath 
River upstream of the confluence of the Trinity River, in the 
Trinity River, and in many of the tributaries of these two rivers.  
Historical populations of Klamath River Basin Chinook salm-
on included spring, summer, and fall runs.  Chinook salmon 
in the Klamath River Basin are not listed under the state or 
federal ESA, but low abundance predictions of Klamath River 
Fall Chinook in recent years have forced severe harvest restric-
tions to West Coast fisheries.  

Klamath River Fall Chinook salmon enter the Klamath River 
in August and September of each year, spawning shortly 
thereafter in the lower reaches of rivers and streams.  Based on 
records of commercial harvest, fall-run Chinook are likely to 
have numbered 400,000 to 500,000 in the early 1900s.  Runs 
in the last several decades have ranged from below 50,000 to 
225,000 fish (Exhibit 3).  These runs are substantially lower 
than historic levels.

Spring-run Chinook salmon enter the Klamath River from 
April to June of each year before migrating to smaller head-
water tributaries.  They require cold, clear rivers and streams 
with deep pools to sustain them through the warm summer 
months.  These areas have been greatly reduced in the Basin 

due to dams and degradation of habitat.  The spring Chinook 
salmon run was historically abundant and may have been the 
dominant run prior to commercial harvest commencing in 
the mid-1800s.  Wild spring-run Chinook salmon populations 
are now a remnant of their historical abundance and primarily 
occur in the South Fork Trinity River and Salmon River Basins 
(Exhibit 4).

Coho Salmon

Historically, coho salmon inhabited an expansive range of 
the Klamath River Basin, including habitat upstream of cur-
rent dams - Iron Gate, Lewiston and Dwinnell.  Coho salmon 
populations within the Basin have declined dramatically and 
currently exist only within a limited portion of their historical 
range.  Analyses by the California Department of Fish and Game 
(CDFG) in 2002 suggest SONCC populations have stabilized 
at low adult abundance levels since the late 1980s, but numbers 
could decline even further if stream and river conditions shift.10   
More recently, NMFS determined that coho salmon popula-
tions throughout the SONCC coho salmon ESU continue to be 

10  CDFG 2002. “Status Review of California Coho Salmon North of San 
Francisco.” Report to the California Fish and Game Commission. 336 pp. 
Available at: http://www.dfg.ca.gov/fish/documents/SAL_SH/SAL_Coho_Sta-
tusNorth_2002/SAL_Coho_StatusNorth_2002.pdf.

Exhibit 4: Estimated Salmon River Spring Run Chinook Salmon Abundance from 1980 to 2008 in the 
Salmon River
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A  2006 abundance numbers are only estimates due to wildfires preventing access to 35% of the Salmon River.

Source:  Data collected by the Salmon River Restoration Council (http://www.srrc.org).  Hatchery production estimates are not available for 
the Salmon River.

http://www.dfg.ca.gov/fish/documents/SAL_SH/SAL_Coho_Sta-tusNorth_2002/SAL_Coho_StatusNorth_2002.pdf
http://www.dfg.ca.gov/fish/documents/SAL_SH/SAL_Coho_Sta-tusNorth_2002/SAL_Coho_StatusNorth_2002.pdf
http://www.dfg.ca.gov/fish/documents/SAL_SH/SAL_Coho_Sta-tusNorth_2002/SAL_Coho_StatusNorth_2002.pdf
http://www.srrc.org
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Current abundance of Klamath River coho salmon was re-
cently estimated from a number of sources (Exhibit 5).  “Low 
risk annual abundance level” describes the minimum number 
of adult spawners required for a population to be considered 
at low risk of extinction based on thresholds defined in the 
VSP criteria.  “High risk annual abundance level” describes a 
population threshold where populations are considered to be 
at  a high risk of extinction.12

Steelhead

Steelhead are widely distributed throughout the Klamath 
River Basin.  Populations in the Basin are considered part 
of the Klamath Mountains Province steelhead DPS and are 
comprised of three distinct runs; summer, fall and winter.  
Winter and summer steelhead historical abundance levels are 
not well known but winter steelhead abundance was estimated 
to be over 200,000 fish in the Klamath and Trinity Rivers in 

12  Williams, T.H., C. Spence, W. Duffy, D. hillemeier, G. Kautsky, T.E.. Lisle, M. 
McCain, T.E. Nickelson, E. Mora, and T. Pearson. 2008.  Framework for assess-
ing the viability of threatened coho salmon in the Southern Oregon/Northern 
California Coasts Evolutionary Significant Unit.  U.S. Dept. Commerce, NOAA 
Tech. Memo.  NOAA-TM-NMFS-SWFSC-432, 113 p.  Available at:   http://
swfsc.noaa.gov/uploadedFiles/Divisions/FED/Endangered_Species_Act/Salm-
on_TRTs/TM%20432%20%20Williams%20et%20al_2008.pdf. 

depressed relative to historical numbers, and strong indications 
exist that breeding groups have been lost from a significant per-
centage of streams within their historical range.11 

11  Good, T.P., R.S. Waples, and P. Adams (editors). 2005. Updated status of 
federally listed ESUs of West Coast salmon and steelhead. U.S. Dept. Com-
merce, NOAA Tech. Memo. NMFS-NWFSC-66, 598 p. Available at: http://
www.nwr.noaa.gov/Publications/Biological-Status-Reviews/upload/SR2005-
allspecies.pdf.
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Exhibit 5:  Estimated Abundance and VSP Thresholds for Coho Salmon Populations in the Klamath Basin A,B

Population Unit Approximation of Run Size Estimates 
from 2001-2004

High Risk Annual Abundance 
Level

Low Risk Annual Abundance 
Level 

Lower Klamath River 0–2,000 205 5,900

Middle Klamath River C 0–1,500 113 3,900

Upper Klamath River 100–4,000 425 8,500

Scott River 10–4,000 441 8,800

Shasta River 100–400 531 10,600

Salmon River 50 115 4,000

South Fork Trinity River 

500–9,000

242 6,400

Lower Trinity River 112 3,900

Upper Trinity River 64 2,400
 
A Williams, et al. 2006. Historical Population Structure of Coho Salmon in the Southern Oregon/Northern California Coasts Evolutionarily Significant Unit. U.S. Dept. 
Commerce., NOAA Tech. Memo. NOAA-TM-NMFS-SWFSC-390.
B All population units are estimated at run sizes below the threshold for low risk.  The 2001-2004 population run-size estimates were established in the NMFS 2007 
Biological Opinion.
C While run-size approximations based on adult counts may be as low as zero in this time period, USFS personnel observed young-of-year coho 
salmon in tributaries of the Middle Klamath in 2001-2004.

Source: National Marine Fisheries Service. 2007b. Biological Opinion for the Federal Energy Regulatory Commission’s 
proposed licensing of PacifiCorp’s Klamath Hydroelectric Project. NMFS Southwest 
Region, Long Beach, California. 137 pp.

http://swfsc.noaa.gov/uploadedFiles/Divisions/FED/Endangered_Species_Act/Salm-on_TRTs/TM%20432%20%20Williams%20et%20al_2008.pdf
http://swfsc.noaa.gov/uploadedFiles/Divisions/FED/Endangered_Species_Act/Salm-on_TRTs/TM%20432%20%20Williams%20et%20al_2008.pdf
http://swfsc.noaa.gov/uploadedFiles/Divisions/FED/Endangered_Species_Act/Salm-on_TRTs/TM%20432%20%20Williams%20et%20al_2008.pdf
http://swfsc.noaa.gov/uploadedFiles/Divisions/FED/Endangered_Species_Act/Salm-on_TRTs/TM%20432%20%20Williams%20et%20al_2008.pdf
http://www.nwr.noaa.gov/Publications/Biological-Status-Reviews/upload/SR2005-allspecies.pdf
http://www.nwr.noaa.gov/Publications/Biological-Status-Reviews/upload/SR2005-allspecies.pdf
http://www.nwr.noaa.gov/Publications/Biological-Status-Reviews/upload/SR2005-allspecies.pdf
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the 1960s.13  The limited data on summer steelhead abundance 
indicates this run is depressed as shown by the data available 
from the Salmon River (Exhibit 6).

13  Busby, P.J., T.C. Wainwright, and R.S. Waples.  1994.  Status Review for 
Klamath Mountains Province Steelhead.  NOAA Technical Memorandum 
NMFS-NWFSC-19.  National Marine Fisheries Service, Seattle, WA.  130 pp.  
Available at: http://www.nwfsc.noaa.gov/publications/techmemos/tm19/tm19.
html.

Hundreds of miles of historical habitat were lost to steelhead 
in 1919 with the construction of the first Copco Dam on the 
mainstem Klamath River.  In 1963, hundreds of additional 
miles of habitat were lost with the construction of Lewiston 
Dam on the Trinity River.  Hatcheries at the Iron Gate and 
Lewiston Dams currently produce fall steelhead as mitigation 
for habitat loss upstream of these facilities.  Summer steelhead 
are not part of the hatchery production program in the 
Klamath River Basin.  NMFS reviewed the status of Klamath 
Mountains Province steelhead in 2001 and determined the 
DPS did not warrant listing under the ESA at the time.14  

Factors Affecting Populations

The decline of Klamath River Basin anadromous salmonid 
populations illustrates the impacts from a history of human-
caused factors affecting populations and their habitat.  The 
main factors impacting Klamath River Basin salmonids can 
be categorized as water, land, and fish management activities, 

14  66 Fed. Reg. 17845, April 14, 2001.

Exhibit 6: Estimated Summer Steelhead Abundance from 1980 to 2008 in the Salmon River A

0

100

200

300

400

500

600

700

800

20082006*2004200220001998199619941992199019881986198419821980

A  2006 abundance numbers are only estimates due to wildfires preventing access to 35% of the Salmon River.

Source:  Data collected by the Salmon River Restoration Council (http://www.srrc.org).  Summer steelhead are not part of the hatchery 
production program in the Basin.  
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http://www.nwfsc.noaa.gov/publications/techmemos/tm19/tm19
http://www.srrc.org
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temperatures have reduced suitable habitat and exacerbated 
fish disease.

Diversions: Stream flows in many Klamath River Basin 
tributaries have been reduced by domestic, agricultural and 
municipal diversions. Diversions impact salmonid viability 
by reducing flows and availability of habitat, increasing 
water temperatures, and reducing water quality.  Unscreened 
diversions create additional impacts by entraining young fish 
(e.g., trapping fish in the current).  Return flows from irrigated 
lands can also reduce water quality conditions, impacting 
salmonid viability. 

Land Management Activities

Timber Harvesting: The Klamath River Basin is comprised 
of large portions of public and private forestlands that have 
been heavily logged over the past century.  Logging and 
accompanying road-building activities increase the amount 
of sediment that enters streams and rivers during rainstorms 
and with snowmelt.  The effects are particularly severe in the 
Basin where steep slopes are naturally unstable and subject 
to landslides.  Increased sedimentation of spawning grounds 
leads to reduction of early survival due to loss of cover, filling 
in of pools, and increased water temperatures.  In addition, 
improperly constructed culverts associated with logging roads 
are barriers to upstream spawning and rearing areas.  Over the 
past decade, federal land management has improved its forestry 

including dams, diversions, timber harvest,  hatcheries, and 
fish harvest.15, 16 

Identifying the factors causing threats and creating stress on 
populations is important to understanding approaches for 
achieving recovery (Exhibit 7).  Investments for recovery 
should be targeted to address these factors.  

Water Management Activities

Dams: Dams and impoundments throughout the Klamath 
River Basin block hundreds of miles of historical anadromous 
salmonid habitat and alter the hydrology of the river system.  
Dams on the Klamath River have been barriers to upstream 
migration since the first Copco Dam was constructed in 1919.  
Mainstem flow peaks have been altered and summer flows 
have been reduced.  Hydrological alterations and lost habitat 
have impeded the viability of salmonid populations.  The 
loss of bed load, impaired water quality, and increased water 

15  Peter B. Moyle, B. Peter, Israel A. Joshua and Purdy E. Sabra. 2008. Salmon, 
Steelhead, and Trout in California: Status of an Emblematic Fauna. A report 
commissioned by California Trout. Center for Watershed Sciences, University 
of California, Davis, Davis, CA. 316 pp. Available at: http://www.caltrout.org/
SOS-Californias-Native-Fish-Crisis-Final-Report.pdf.
16  NRCS. 2004. Endangered and Threatened Fishes in the Klamath River 
Basin: Causes of Decline and Strategies for Recovery. Washington, DC: The 
National Academies Press. 397 pp. Available at: http://www.nap.edu/catalog.
php?record_id=10838.

Exhibit 7:  Threats and Stressors to Anadromous Salmonids in the Klamath and Trinity Rivers

Threats and Stressors Klamath River Basin Trinity River Basin

Barriers to migrations, including dams, impassable culverts. High risk High risk

Altered sediment supply due to land management, dams, fires. High risk High risk

Altered hydrologic function due to dams and diversions. High risk Medium risk

Endemic disease infection High risk for Chinook salmon and coho salmon, medium 
risk for steelhead trout

Low risk

Adverse effects from hatcheries including disease, competition 
and loss of genetic integrity.

High risk for Chinook salmon and coho salmon, medium 
risk for steelhead trout.

Medium risk

Impaired water quality due to land management practices. High risk Medium risk

Altered floodplain and channel structure due to dams, road 
construction and diking.

Medium risk High risk

Fish harvest Low risk Low risk

Source:  NMFS-SWR 2009. Recovery Plan for the Evolutionarily Significant Unit of Southern Oregon Northern California Coast Coho 
Salmon Internal Review Draft.

http://www.caltrout.org
http://www.nap.edu/catalog
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practices in the Basin, including road building and maintenance 
programs that have reduced sediment delivery to streams.  
Several industrial timberland companies have also shifted to 
improved forest practices on their privately owned lands.  

Gold Mine Dredging:  Mining activities in the Klamath River 
Basin date back to the late 1800s and continue today.  In the 
past, mines diverted water for use in sluicing and hydraulic 
mining operations resulting in dramatic increases in water 
turbidity levels and altering stream morphology.  Declines in 
fish abundance due to stream siltation were observed as early as 
the 1930s and streams containing high volumes of silt seldom 
supported large populations of salmonids.  Since the 1970s, 
mining activities have been reduced by stricter environmental 
regulations, but suction dredging, placer mining, gravel 
mining, and lode mining operations continue in the Basin.  
These operations can reduce salmonid spawning gravel habitat 
resulting in increased poaching activity, decreased survival of 
fish eggs and juveniles, and decreased abundance of benthic 
invertebrates on which young fish feed. 

Fish Management Activities

Hatcheries:  Two hatcheries are currently operated by CDFG 
as mitigation for lost habitat above Iron Gate and Lewiston 
Dams. While hatcheries may increase the abundance of 
salmonid populations in the short term, hatchery fish can also 
harm native populations by increasing disease risks, increasing 
competition for limited resources, and reducing the genetic 
integrity of native populations.   

Fish Harvest:  Commercial, recreational, and tribal fishing 
have affected Klamath River Basin anadromous salmonids 
since the 19th century.  Harvesting intensified with the 
introduction of canning technology in the early 20th century.  
Due to a variety of factors, including fishing, federal managers 
have decreased commercial salmon fishing over the past 
two decades off the California and Oregon Coasts.  These 
reductions have helped reduce impacts from past overfishing 
practices.  In the Klamath River, the State of California 
prohibits recreational fishing for coho salmon while it manages 
Chinook salmon and steelhead recreational fishing with the 
objective of maintaining sustainable populations.  In federal 
and state waters off of California, fishing for coho salmon and 
the retention of coho salmon are prohibited.   

Restoration and Recovery

Restoration and recovery of salmonid species within the 
Klamath River Basin requires investments and collaboration, 
as well as effective means to measure progress.  Investments in 
monitoring are needed to establish linkages between activities 
(e.g., habitat improvements) and the parameters of VSP (e.g., 
population abundance and distribution) to understand the 
effectiveness of current activities and to assist in the prioritiza-
tion of future activities. 

Essential Role of Conservation Partnerships

Restoration of species and a healthy Klamath River Basin eco-
system depends on the establishment of conservation partner-
ships among its diverse communities.  Klamath River Basin 
communities encompass many public agencies at all levels of 
government, Indian tribes, small and large private landown-
ers, and industrial timber and agricultural interests.  Many 
of these entities actively participate in collaborative efforts to 
develop and implement restoration actions and sustainable 
land- and water-use practices.  Fishing, conservation, and wa-
tershed groups also conduct important outreach and advocacy 
activities and play a role in salmon restoration planning and 
implementation in the Klamath River Basin.  In 2008, at least 
12 federal and state agencies in California and Oregon worked 
to conserve and manage natural resources under various 
mandates while also trying to balance and ensure sustainable 
economic activities within the Klamath River Basin.

Given the lack of a singular authoritative entity and lim-
ited funding, enhancing and conserving the Klamath River 
ecosystem requires collaborative activities among federal, 
state, local and tribal governments, private, non-profit institu-
tions, and individuals.  Local communities and citizens play a 
substantive and central stewardship role within the Klamath 
River watershed where they live, work, and enjoy recreational 
pursuits.  Recent voluntary and incentive-based activities have 
created unique partnerships in the Basin and are highlighted in 
the Partnership Project sidebars throughout this Report.  These 
partnerships pursue common conservation goals and provide 
practical options to the legacy of litigation and polarization 
that has divided Klamath River communities for two decades. 



Partnership Project: Five Counties 
Salmonid Conservation Program

Stemming from a partnership that began in 1997 between 
five California counties (Humboldt, Del Norte, Trinity, Siskiyou, 
and Mendocino) and NMFS, the NMFS-Southwest Region 
qualified the jointly developed “Water Quality and Stream 
Habitat Protection Manual for County Road Maintenance in 
Northwestern California Watersheds” (the Manual) as providing 
adequate conservation to lift the prohibition on take for certain 
road maintenance activities. The Manual includes guidance on 
best management practices for road maintenance that minimize 
erosion and improve fish passage under roads. Collectively, 
since the formation of the partnership, the counties have 
repaired or replaced several road culverts, increasing accessible 
fish habitat by hundreds of miles. Additional conservation is 
expected as the counties continue to implement the Manual.

11

water diversion systems (dams and irrigation systems).  
Efforts to restore the Basin ecological functions include 
sediment reduction, riparian restoration, and instream habitat 
restoration.  The following examples showcase some of the 
many recently completed and ongoing projects that address 
the complex and wide range of threats and stressors impacting 
Klamath River salmonids.

Lasting resolution of the complex natural resource problems 
in the Klamath River Basin requires integrated, comprehensive 
solutions that rely on partnerships among diverse communities 
and interests.

Measuring Progress 

In the following sections, NMFS tracks financial investments 
towards Klamath River Basin salmon and steelhead restora-
tion and recovery and describes examples of specific activities.  
Future reports will continue to track progress such as stream 
miles or acres restored.  Over the long-term, these measures of 
progress will help to establish linkages with habitat conditions 
and measures of population viability (Exhibit 8).

Funding for Restoration and Recovery

Klamath River Basin restoration activities are supported by a 
variety of federal, state, private and local sources including the 
NOAA Restoration Center, NMFS-Southwest Region, NMFS 
Pacific Coastal Salmon Recovery Fund (PCSRF), CDFG, 
California Coastal Conservancy, U.S. Bureau of Reclamation 
(BOR), U.S. Fish and Wildlife Service (USFWS) and the U.S. 
Department of Agriculture (Exhibit 9).  These federal and state 
entities manage and subsequently distribute funding to vari-
ous partners to carry out Klamath River Basin restoration and 
recovery activities on an annual basis.  Final recipients of the 
funding include tribes, non-profit conservation organizations, 
public municipalities, universities, private landowners, and 
for-profit consulting firms.

Restoration Activities

Collaborative efforts by federal, state, tribal and local 
organizations aim to restore a healthy, naturally diverse, and 
productive Klamath River Basin ecosystem.  Restoration 
projects and activities generally fall within two areas: 
(a) improvement of hydrological conditions and, (b) 
improvement of ecological functions. The hydrological 
improvements in the Klamath River Basin primarily address 
restoring water quantity and flow timing of the Klamath 
River (i.e., upper lake systems and groundwater), enhancing 
cold water contributions, and removing and/or retrofitting 

Exhibit 8:  Measuring Progress from Investments to Results 

Input Measures

Short-Term

Funding

Staffing

Partners

Output Measures

Mid-Term

Number of 
Projects

Number of Stream 
Miles Treated

Number of Acres 
Conserved

Outcome Measures

Long-Term

Water Quality 
Characteristics

Preferred Habitat 
Availability

Fish Population 
Status
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Exhibit 9:  Annual Allocations in the Klamath Basin by the NMFS, and Other Federal and State Agencies

NOAA State of California Other Federal Agencies

Fiscal 
Year

NMFS 
PCSRF

NMFS A NOAA 
Restoration 

Center

Department 
of Fish and 

Game

Coastal 
Conservancy

Fish and 
Wildlife 
Service

Klamath 
National 
Forest

Bureau of 
Reclamation

Natural Resources 
Conservation 

Service

2000 $2,477,000 $500,000 $36,000 $3,208,300 $100,000 $347,600 $629,000 $342,300 NA

2001 $5,948,000 $500,000 $100,000 $491,800 $100,000 $311,800 $1,352,000 $339,700 NA

2002 $4,453,000 $600,000 $20,000 $3,202,800 NA $464,100 $1,273,000 $883,500 $189,200

2003 $2,398,300 $600,000 $32,000 $1,931,000 $600,000 $339,000 $1,959,000 $3,493,600 $1,130,800

2004 $3,154,400 $750,000 $100,000 $978,900 $140,000 $297,700 $4,798,000 $1,812,200 $1,539,800

2005 $2,391,800 $675,000 $125,000 $1,930,300 $300,000 $349,300 $2,110,000 $8,234,300 $1,662,900

2006 $951,000 $1,000,000 $117,000 $11,565,100 $375,800 $525,900 $2,264,000 $5,426,100 $1,079,100

2007 $1,380,000 $1,050,000 $370,000 $784,600 $580,000 $1,016,800 $1,267,000 $8,290,700 $926,800

2008 $1,363,000 $3,000,000 $345,000 $467,700 $128,000 $880,200 $1,352,000 $5,284,600 $1,397,600

TOTAL $24,516,500 $8,675,000 $1,245,000 $24,560,500 $2,323,800 $4,532,400 $17,004,000 $34,107,000 $7,926,200

A  2006 funding does not include an additional $60,340,000 for Klamath Basin disaster relief.
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Driven by snowmelt from 14,162-foot Mount Shasta, the cold 
flows of the Shasta River create one of the most important 
spawning tributaries for Chinook salmon in the Klamath River 
Basin. In 2005, The Nature Conservancy California Program 
and its partners made an investment in the Shasta Valley with 
the purchase of the 1,700-acre Nelson Ranch, which includes 
five miles of the Shasta River. This is the first time a private 
conservation group has purchased a property of this size in the 
Shasta Valley, representing an important step in the Conser-
vancy’s effort to find common ground between conservation-
ists and the local community.

The Conservancy purchased the Nelson Ranch for $3.375 
million through a partnership with Stillwater Development, a 
conservation-minded investment company. Together, Stillwa-
ter Development, the Nelson family, and The Nature Conser-
vancy developed a program that ensures the protection of the 
fragile natural areas of the ranch, while allowing for conserva-
tion-compatible grazing.  As a result, the ranch will continue 

to support the local agricultural economy and contribute to the 
county tax rolls. Simultaneously, the Conservancy will con-
tinue to have access for monitoring, research, and restoration 
activities.
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The legacy of impacts limiting salmonid populations in the 
Shasta River include blocked access to high quality habitat.  
Impairments to fish passage have included a series of small 
flashboard diversion dams on the Shasta River blocking 
salmon and steelhead from access to upstream habitat.  In 
addition, these flashboard dams create an upstream ponding 
effect that encourages invasive aquatic plants, increases water 
temperatures in the river, and reduces dissolved oxygen avail-
able for fish.  

The Western Shasta Resource Conservation District (RCD) has 
removed three of the fish migration barrier dams, including 
Araujo Dam, to facilitate unimpeded fish passage to upstream 
rearing habitat.  The Western Shasta RCD has also installed 
more efficient water delivery systems to local farmers as part 
of each dam removal project, resulting in a greater volume of 
water remaining in the river for fishery needs.

Mid-Klamath Tributary Access Restoration 

 
Excessive summer water temperatures in the mainstem of 
the Klamath River reduce the amount of suitable habitat for 
salmonids and can decrease their survival.  Tributaries flowing 
into the mainstem Klamath River can provide cooler tempera-
tures for salmonids.  In 2008 the Karuk Tribe of California, in 
partnership with the Mid-Klamath Watershed Council, worked 
to enhance cover in the mainstem and improve access at the 
confluence of tributary mouths by installing wood, willow, 
and brush structures and opening up access corridors.  The 
result of the Karuk Tribal tributary enhancement project is an 
increase in the amount and use of suitable habitat by salmon 
and steelhead. 

Shasta River Small Dam Removal Projects  

Karuk Sandy Bar Creek Mid-Klamath Tributary Restoration
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The Araujo Dam Before Removal from the Shasta River
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Lower Klamath Instream Habitat Restoration  

Salmon and steelhead survival is improved if complex and 
diverse habitat structures are available for winter and summer 
rearing. The legacy of timber harvest and stream clearing of 
woody debris has resulted in the lack of habitat complexity in 
the Klamath River and its tributaries. Historically, the Klamath 
River tributaries contained large amounts of instream wood 

that created habitat complexity. The Yurok Tribe is working 
with Green Diamond Timber Company to add large, complex 
wood structures in tributaries, including McGarvey and Tectah 
creeks. Over the long-term, the addition of this woody debris 
will help scour deeper pools and create more diverse habitat 
for spawning and rearing salmonids.

Scott Valley Water Trust 

Located in the center of the Klamath River Basin, the Scott 
River supports both farms and annual runs of salmon and 
steelhead. The Scott River and its tributaries suffer from signifi-
cant water diversions that reduce water quantity and impair 
water quality during critical periods of salmonid life history.  
The Scott River Water Trust is the first active Water Trust in 
California, obtaining its first water leases in 2007.  The purpose 
of the program is to improve stream-flow in priority reaches 
of fish habitat through incentive-based voluntary leases with 
agricultural water users in the Scott Valley.  To improve the 
survival and growth of juvenile salmon and steelhead, the Scott 
Valley Water Trust focuses on leasing water during irrigation 
season in the late summer months primarily in the cooler, west 
side tributaries.  The Trust is also obtaining leases for use dur-
ing dry years to increase mainstem Scott River flows during the 
fall months for improved upstream migration access for adult 
salmon and steelhead.  The Water Trust is monitoring stream-

flow in the Scott River to prioritize areas for water leasing and 
measure the flow increases associated with their leases.

Water Flow Measurement Activities
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The Indian Creek Trinity River Channel Rehabilitation Project 
was built in the summer 2007 to increase juvenile salmonid 
rearing habitat and reduce Trinity River flow impacts to homes 
and structures adjacent to the River.  The project used heavy 
equipment to remove vegetation and widen the Trinity River 
floodplain along portions of approximately three river miles 
to accommodate planned flows of 11,000 cfs without damage 
to private property.  This was the fourth channel rehabilita-
tion project built in the Trinity River Basin to enhance river 

processes and increase fish habitat downstream of Lewis-
ton Dam.  Tailings from the grading project and floodplain 
materials were processed and reclaimed for use up-river to 
enhance habitat complexity by adding various sized gravel to 
the riverbed and improving river bed mobility and spawning 
gravel availability.  First year monitoring of the project area 
in 2008 found juvenile salmonids in greater abundance than 
pre-project in the newly created habitats (e.g., side channel, 
locations with large wood, and vegetated stream banks).  This 

Indian Creek Trinity River Channel Rehabilitation Project 
 



Partnership Project: The Trinity River 
Restoration Program

The Trinity River Restoration Program (TRRP) was initiated under 
the Trinity River Basin Fish and Wildlife Management Act of 
1984.A The intent of the TRRP is to restore and maintain the fish 
and wildlife stocks of the Trinity River Basin to levels that existed 
just prior to construction of the Central Valley Project (CVP) Trinity 
River Division. The CVP Improvement Act of 1992 further sup-
ported restoration objectives and established completion dates for 
the program documents.B

Alluvial river systems are complex and dynamic. The understand-
ing of these systems and how they evolve in the future improve 
continually. The Adaptive Environmental Assessment and Manage-
ment (AEAM) approach of the TRRP gives decision makers the 
ability to refine previous decisions in light of the increase in 
knowledge and understanding of the river and catchment. The 
AEAM approach relies on teams of scientists, managers, and 
policy makers’ jointly identifying and bounding management prob-
lems in quantifiable terms. The adaptive approach to manage-
ment recognizes that information available for decision-making 
is almost always incomplete and encourages managers to use 
management actions to increase knowledge of complex systems. 
These actions, in turn, contribute to better future decisions. AEAM 
needs to not only monitor changes in the ecosystem, but also 
develop and test hypotheses about the causes of those changes 
to promote desired outcomes. The result is informed decisions 
and increasing certainty within the management process.

Many dedicated individuals—federal and state employees, local 
residents, tribal governments, resource professionals from other 
agencies, and other interested groups—have devoted the past 30 
years to restoring the salmon and steelhead fisheries of the Trinity 
River. Although restoration is not complete and all issues are not 
entirely resolved, the TRRP is an evolving success story, and an 
excellent example of communication, consultation, and coopera-
tion, in the service of conservation.

A Pub. L. No. 98-541, 98 Stat. 2721 (amended by the Trinity River Basin Fish 
and Wildlife Reauthorization Act of 1995, Pub. L. No. 104-143, 110 Stat. 1338 
(1996)).

B Pub. L. No. 102-575, Title XXXIV, 106 Stat. 4706.
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project was implemented under direction of the Trinity River 
Restoration Program (TRRP) and Trinity County.  Funding 
was provided by the U.S. Bureau of Reclamation, the CDFG’s 
Fisheries Restoration Grant Program, and the U.S. Environ-
mental Protection Agency’s (EPA) Targeted Watershed Grants 
Program.  Trinity County worked as a partner agency under 
the EPA program with the Yurok Tribe and the Trinity County 
Resource Conservation District.  

Actions Taken Under the 
MSRA and Other Laws

Guidance for Klamath River Basin recovery actions is pro-
vided by the MSRA, ESA, federal Clean Water Act, CESA, and 
Federal Power Act.  When applied to the Klamath River Basin, 
these laws collectively help to address and rectify factors that 
affect Klamath River fisheries.

The MSRA

The following recovery actions were identified by NMFS as 
high priority in the MSRA Klamath River Coho Recovery 
Plan:

•	 �Complete and implement the NMFS recovery plan for the 
SONCC coho salmon under the ESA,

•	 �Restore access for coho salmon to the upper Klamath 
River Basin by providing passage beyond existing main-
stem dams,

•	 �Fully implement the Trinity River Restoration Program,
•	 �Provide incentives for private landowners and water users 

to cooperate in: (1) restoring access to tributary streams 
that are important for coho spawning and rearing; and 
(2) enhancing mainstem and tributary flows to improve 
instream habitat conditions,

•	 �Continue to improve the protective measures already in 
place to address forestry practices and road building/
maintenance activities that compromise the quality of 
coho salmon habitat,



Partnership Project: Agricultural 
Partnerships in the Shasta and Scott River 
Watersheds

In response to listings of coho salmon, under the ESA and CESA, 
the Shasta and Siskiyou Resource Conservation Districts (RCD), 
NMFS, and CDFG are working to develop programmatic approach-
es that institute watershed-wide agricultural management best 
practices for salmonids and prioritize restoration efforts under the 
RCD’s Incidental Take Permit and the state’s Stream Bed Altera-
tion Permit Programs. Participation by local ranchers and farmers 
in these programs would lead to ESA and CESA protections and 
state Streambed Alteration Agreements (SAA). The intent of these 
programs is to provide a streamlined approach to regulatory com-
pliance while addressing site specific and watershed-wide threats 
to coho salmon.

These programs address restoring riparian vegetation, minimizing 
the impacts of stream crossings, installing and maintaining fish 
friendly water surface water diversions, removing fish passage 
barriers, and managing water and adjudicating and verifying water 
rights. Efforts to date include the publication of draft Environmental 
Impact Reports for both the Shasta and Scott River CESA and 
SAA programs. Although many of the protective and restorative 
activities have begun, formal state permit issuance and pro-
gram implementation is anticipated to begin in 2009. NMFS has 
provided technical assistance through the development of these 
programs with the goal of identifying protective and restorative 
actions that are consistent with its recovery planning efforts and 
instituting monitoring and protective practices that can support 
and be integrated into a future Federal ESA permit.
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•	 �Implement restorative measures identified through fish 
disease research results to improve the health of Klamath 
River coho salmon populations.

The following three sections highlight key recovery plans and 
restoration strategies established under the direction of these 
mandates.  

The Southern Oregon–Northern California 
Coast Recovery Plan

In 2002, NMFS began ESA recovery planning for the SONCC 
coho salmon ESU through establishment of a technical recov-
ery team. By 2008, the scientific “building blocks” of the plan 
were prepared. Recovery plans serve as a “road map to recov-
ery,” and function as an important tool for promoting sound 
scientific and logical decision-making throughout the recovery 
process. The final phase of recovery planning for the SONCC 
coho salmon ESU is underway and consists of developing a re-
covery plan containing: (1) a list of prioritized recovery actions 
to achieve the plan’s goals for the conservation and survival of 
the species; (2) objective, measurable criteria which, when met, 
would result in the species being de-listed; and (3) estimates 
of time and costs required to achieve the plan’s goal and the 
intermediate steps towards that goal.

NMFS has coordinated with various co-managers in both Or-
egon and California to develop the draft recovery plan.  NMFS 
recognizes that California has recently undertaken extensive 
conservation and recovery planning efforts for coho salmon 
in collaboration with a variety of stakeholders.  Oregon has 
also developed coho salmon conservation planning strategies.  
NMFS’ development of the SONCC coho salmon recovery 
plan will recognize, consider, and utilize, to the maximum 
extent possible, the coho salmon conservation plans of Oregon 
and California.  NMFS is working with tribes, local govern-
ments, and other entities to conduct public outreach as it 
prepares drafts of the recovery plan.  NMFS expects to make 
the draft SONCC coho salmon recovery plan available to the 
public for comment in 2009.

California Coho Recovery Strategy

In August 2002, the California Fish and Game Commission 
listed coho salmon north of San Francisco Bay under the 
CESA.  Coho salmon between Punta Gorda and the Oregon 
border (including the Klamath River Basin) were listed as 
threatened. Prior to the final listing of coho salmon under 
CESA, the California Fish and Game Commission directed 
CDFG to develop a recovery strategy for restoring native Cali-
fornia coho salmon (Recovery Strategy for California Coho 
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Salmon).17  CDFG created both a multi-stakeholder Coho Re-
covery Team to address recovery issues across the full range of 
the species, and a sub-working group (Shasta–Scott Recovery 
Team) to develop coho salmon recovery strategies associated 
specifically with agricultural management within the Scott and 
Shasta Rivers. The teams are comprised of members from a 
broad range of state, federal, and local interests and continue 
to meet on an annual basis to track the progress of the Recov-
ery Strategy. The primary objective of the Recovery Strategy is 
to “return coho salmon to a level of sustained viability, while 
protecting the integrity of both ESUs, so they can be delisted 
and regulations or other protections under the CESA will not 
be necessary.”

Ocean Fisheries Harvest Restrictions 

Ocean harvest of salmon off the coasts of California, Oregon, 
and Washington is managed under the Pacific Coast Salmon 
Fishery Management Plan (Salmon FMP), in accordance with 
the MSA.  The Salmon FMP was developed by the Pacific 
Fishery Management Council (PFMC), and approved by the 
Secretary of Commerce (Secretary) through NMFS.  Each 
year, the PFMC develops management measures for the ocean 
salmon fisheries, subject to Secretarial approval, consistent 
with requirements of the MSA, such as preventing and end-
ing overfishing while achieving optimum yield, minimizing 
bycatch,18 and protecting  essential fish habitat.19

Management measures for ocean salmon fisheries are also 
developed for consistency with the ESA.  Management of the 
fishery is complicated by the fact that salmon stocks from 
different spawning areas co-mingle in the ocean, making it 
a “mixed stock” ocean fishery.  Management, therefore, is 
designed to protect the weakest stocks, such as ESA listed 
salmon.  To protect stocks in the Klamath River Basin, man-
agement measures are developed for consistency with the 
1999 biological opinion that analyzed the effects of West Coast 
ocean salmon fisheries on the Central California Coast coho 

17  California Department of Fish and Game. 2004. Recovery strategy for Cali-
fornia coho salmon. Report to the California Fish and Game Commission. 594 
pp. Available online: http://www.dfg.ca.gov/nafwb.cohorecovery.
18  16 U.S.C. Sections 1851(a)(1) and (9).
19  16 U.S.C. Section 1853.

Partnership Project: Klamath 
River Basin Habitat Conservation Plan 
Partnerships 

Habitat conservation plans (HCPs) are developed and imple-
mented to identify actions to protect threatened and endangered 
species, while still allowing resource development and use. Two 
examples of HCPs within the Klamath Basin are described below. 

The Green Diamond Resource Company (GDR) in partnership with 
NMFS and the USFWS completed and began implementing its 
Aquatic HCP in June 2007. The 50-year HCP covers GDR’s timber 
operations on over 400,000 acres of forest land in Northern 
California. The HCP minimizes and mitigates impacts to aquatic 
species, including coho and Chinook salmon and steelhead 
trout, through stream side conservation measures, protection of 
unstable slopes, retention and promotion of large trees in riparian 
areas, and a program to improve and maintain over 4,000 miles 
of forest roads. The HCP will reduce sediment from roads and hill 
slopes, maintain and promote cool water habitats, and contribute 
to deep rearing pools and clean spawning gravels. The Plan in-
corporates a state of the art monitoring program coupled with an 
adaptive management feedback loop, enabling GDR and federal 
agencies to refine protective measures.

The Fruit Growers Supply Company (FGS), working in partnership 
with the NMFS, the USFWS, and CDFG, is developing an HCP that 
will apply landscape level restorative and protective measures 
for coho salmon. The HCP will cover forest practices on over 
150,000 acres of timberland within the mid Klamath region and 
will provide benefits to the 33 miles of fish bearing streams on 
FGS lands and surrounding 700 miles of fish bearing streams 
impacted by FGS’s operations. The HCP will provide for enhanced 
riparian protections, removal of fish passage barriers, and an ac-
celerated road improvement program. These activities will reduce 
road related delivery of sediment to watercourses by 50% within 
the first 10 years of the 50 year plan. The HCP will complement 
recovery actions identified in the SONCC coho salmon Recovery 
Plan. While the NMFS anticipates public review of the HCP in early 
2009 and finalization and full implementation in 2010, FGS has 
already begun to implement some of the protective measures of 
the plan.

http://www.dfg.ca.gov/nafwb.cohorecovery
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salmon ESU and the SONCC coho salmon ESU.20  Specifically, 
the fishery is managed so as not to exceed an ocean exploita-
tion rate of 13% on SONCC coho salmon (including all harvest 
related mortality).  Coho salmon-directed fisheries off Cali-
fornia and coho salmon retention fisheries off California are 
prohibited.  Monitoring of harvest and stock composition is 
required to ensure full implementation of and compliance with 
management measures and to allow for a thorough post-season 
analysis of fishery impacts on listed species. 

In April 2008, the PFMC recommended and the Secretary 
approved the most restrictive salmon fisheries in the history of 
the West Coast, responding to the sudden collapse of Sacra-
mento River fall Chinook (SRFC) salmon. Because the stocks 
co-mingle in the ocean, all Chinook salmon ocean fisheries 
south of Cape Falcon, Oregon, were closed and only a limited 
hatchery coho salmon fishery of 9,000 in Oregon was allowed. 
This reduced fishing pressure on Klamath River stocks.  NMFS, 
at the request of the PFMC, convened a scientific investigation 
of the potential causes of the decline of the SRFC stock and an 
analysis of the potential depression of other salmon stocks con-
tributing to West Coast ocean salmon fisheries. The findings 
determined ocean conditions as the proximate cause of the 
decline.21  Additionally, the PFMC provided recommendations 
to NMFS in September 2008 for a plan to rebuild Klamath 
River fall Chinook salmon, for which an “overfishing concern” 
had been triggered in 2007.  If a stock becomes subject to 
overfishing, MSA section 304(e)22 requires fishery managers to 
end overfishing and to specify a strategy to rebuild the stock 
to a sustainable level within a certain time frame.  Until a final 
rebuilding plan is approved for implementation by the Secre-
tary, pending further analysis and public review, the Council 
has been following their recommended rebuilding plan.

20  Endangered and threatened species: Threatened status for Central California 
Coast coho salmon Evolutionarily Significant Unit. Federal Register 61 (31 
October 1996), pp. 56138-56149.
21  What caused the Sacramento River fall Chinook stock collapse? S. T. Lindley et 
al. Pre-publication report to the Pacific Fishery Management Council, March 
18, 2009.
22  16 U.S.C. Section 1854 (e).

The Clean Water Act

Under the Clean Water Act, states are required to establish 
a priority ranked list of “impaired” waters that do not meet 
federally mandated water quality standards and the total maxi-
mum daily load (TMDL) for certain pollutants.23  Within the 
California range of coho salmon, the Klamath River has been 
identified as an impaired water body. 

The TMDL process leads to a ‘pollution budget’ designed to re-
store the health of a polluted body of water. The TMDL process 
provides a quantitative assessment of water quality problems, 
contributing sources of pollution, and the pollutant load 
reductions or control actions needed to restore and protect the 
beneficial uses of an individual water body.  The North Coast 
Regional Water Quality Control Board is in the process of de-
veloping TMDLs for the Klamath River in California.  Pursu-
ant to a consent decree entered into by the U.S. Environmental 
Protection Agency, the Klamath River TMDLs are scheduled to 
be approved by December 2010.  A public review draft of the 
TMDLs was scheduled to be made available June 15, 2009.

The Federal Power Act

The Federal Power Act (FPA) gives resource agencies authority 
to prescribe or recommend to the Federal Energy Regulatory 
Commission (FERC) certain conditions for it to include in new 
hydropower licenses.24

FERC re-licensing

PacifiCorp’s FERC license for its Klamath Hydroelectric 
Project, which includes the Iron Gate, Copco I and II, and 
J.C.Boyle Dams on the mainstem Klamath River, expired on 
March 1, 2006. Until a new license is issued, PacifiCorp will 
operate the Project under an annual license with the same 
terms and conditions of the existing license.  Iron Gate Dam 
currently blocks passage of anadromous fish to any habitat 
higher in the Basin. The existing license contains no provision 
for passage of anadromous salmon, steelhead, and lamprey. 

23  33 U.S.C. 1313(d).
24  16 U.S.C. Sections 803(j) and 811.
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final agreement related to removal of these dams  starting in 
2020  and will specify the procedures, timetables, agency and 
legislative actions, and other steps to do so.  The voluntary 
and dedicated efforts by private, non-profit and public entities 
joining together in full partnership to craft mutually agreeable, 
comprehensive solutions to challenging resource conflicts rep-
resents an outstanding illustration of cooperative conservation 
in the Klamath River Basin.

Research and Monitoring 
Recommendations of the 
National Research Council

The NRC, as part of the National Academies, formed a Com-
mittee in 2001 on “Endangered and Threatened Fishes in the 
Klamath River Basin.”  A goal of the Committee was to provide 
input on the current state of knowledge of federal listed fish 
species in the Basin.  The Committee evaluated the strength of 
scientific support for biological opinions and assessments of 
listed fish species and made several recommendations.  One 
recommendation specifically identified ways to improve salm-
on research and monitoring efforts in the Basin.  In response to 
this NRC recommendation, NMFS has focused efforts on the 
three activities described in this section of the Report.

Klamath River Basin Monitoring, Research and 
Restoration Planning Efforts

In 2006, federal agencies and other stakeholders in the 
Klamath River Basin discussed the need for a coordinated, eco-
system-based approach that supports the recovery of species, 
including salmonids, and sustains the Basin’s resources and its 

Under the authority of the FPA, the Department of Com-
merce through NMFS, and the Department of the Interior 
filed with FERC joint preliminary fishway prescriptions for the 
relicensing of the Project, including volitional fish passage for 
the Project’s dams.  FERC is required to include these fishway 
prescriptions in a new license for operation of the Project.25     
Pursuant to sections 10(a) and 10(j) of the FPA and FERC’s 
licensing regulations, NMFS filed 16 detailed recommenda-
tions to improve habitat conditions for anadromous fish in the 
Klamath River.

In the Project area, the fishway prescriptions would restore ac-
cess to approximately 58 miles of habitat for Chinook salmon 
and steelhead, and Pacific lamprey, and improve habitat 
connectivity for resident redband trout. This includes ap-
proximately 46 miles of habitat (mainstem and tributary) for 
threatened coho salmon. Fish passage could also result in the 
reintroduction (return) of Chinook salmon, steelhead and lam-
prey to more than 350 miles of habitat above the Project area 
and significantly improve the viability of salmonid populations 
in the Klamath River Basin.

Settlement Discussions 

Discussions associated with FERC relicensing of PacifiCorp’s 
hydroelectric Project have brought together for the first time a 
diverse group of interests to resolve some of the Klamath River 
Basin’s longstanding water resource allocation disputes.  The 
group consists of three counties, several irrigation districts, 
four tribes, conservation and fishing organizations, and federal 
and state agencies.  Released in January 2008, the proposed 
Klamath River Basin Restoration Agreement was developed to 
rebuild fisheries, sustain agricultural communities, and resolve 
disputes related to the allocation of water resources.  Although 
a fundamental assumption of the Klamath River Restoration 
Agreement is the removal of the four PacifiCorp dams listed 
above, these negotiations with PacifiCorp are occurring on a 
separate, parallel course.  In November 2008, an Agreement 
in Principle between PacifiCorp, the federal government, the 
State of Oregon, and the California Natural Resources Agency 
was released.  This Agreement memorializes broad principles 
designed to function as a framework for the development of a 

25  16 U.S.C. Section 811.
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resource-dependent communities.  In response, the NMFS-
Southwest Region coordinated between federal and state 
agencies, tribes, local governments, and other stakeholders to 
develop an approach to monitoring, research, and restoration 
in the Basin for a variety of species.  After gaining formal sup-
port from federal resource agencies and Oregon and Califor-
nia’s principal resource agencies for the coordinated approach, 
the project was temporarily suspended in 2007 at the request 
of participating tribes due to obligations and priorities being 
generated by the Klamath River Basin settlement discussions 
mentioned above.

With release of the draft “Proposed Klamath River Basin Res-
toration Agreement for the Sustainability of Public and Trust 
Resources and Affected Communities” in January 2008, the 
NMFS-Southwest Region saw the need to take an expanded 
role in identifying available data in the Basin on a variety of 
natural resources, including salmonids, suckers, lampreys, and 
water quality.  NMFS is querying federal agencies, tribes, state 
agencies, academic and university extension programs, and a 
variety of key stakeholders representing fisheries, agriculture, 
power generation, water, local government and environmental 
interests, on the availability of data useful for monitoring, re-
search and restoration of targeted threatened and endangered 
species and water quality.  The primary mechanism for devel-
oping an inventory of current Basin databases is an on-line 
survey.26  The goal is to create one data repository to facilitate 
better coordination of monitoring, research, and restoration 
in the Basin.  This effort will contribute to developing better 
outcome measures of progress.  

Klamath River Fish Disease Plan

Since 2004, NMFS has sponsored annual Klamath River Fish 
Health Conferences in cooperation with the USFWS, the BOR, 
and the U.S. Geological Survey (USGS).  The conferences 
provide a forum for the exchange of current information on 
fish disease in the Klamath River.  Information has primarily 
focused on research related to the critical disease outbreaks 
that have caused significant mortality in juvenile salmon in the 

26  The Klamath Basin Metadata Inventory Project survey is available at: http://
watershedexplorer.com/klamath/wiki/index.php?wiki=Index.

Klamath River downstream of Iron Gate Dam.  Presentations 
focused on the disease pathogens Ceratomyxa shasta (C. 
shasta), Parvicapsula minibicornis (Parvicapsula), and their 
intermediate host, the polychaete worm, Manayunkia speciosa 
(Exhibit 10).  In past years, high rates of infection have 
likely increased juvenile salmon mortality rates, however the 
resulting effects of disease mortality on population viability are 
not well understood at this time.  

Participants in the conference have universally expressed 
concern that fish health research and monitoring are funded 
on a piece-meal basis and that future funds are uncertain.  To 
address these concerns, the USGS presented an integrated 
strategic plan for Klamath River fish health research and 
monitoring.  The estimated cost of the research and monitoring 
is $2 million annually for 10 years ($20 million total).  The 
Klamath River Fish Health Conference has been successful in 
bringing together agencies, tribes, stakeholders, and the public, 
and providing a forum for sharing information on fish health 
issues of the Klamath River Basin.  The conference remains an 
annual event, convening again in the winter of 2009.  

Exhibit 10: Life Cycle of C. Shasta and P. Minibicornis.
 
Life cycle shows release of actinospore stages of both parasites from the polychaete, 
infection of the salmon, and release of myxospore stages that infect the polychaete.  
Diagram is courtesy of J. Bartholomew, Oregon State University.
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http://watershedexplorer.com/klamath/wiki/index.php?wiki=Index
http://watershedexplorer.com/klamath/wiki/index.php?wiki=Index
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Summary

NMFS is committed to further strengthening conservation 
program partnerships for the recovery of salmonid popula-
tions within the Klamath River Basin.  Habitat restoration and 
conservation, along with improved scientific knowledge of the 
threats to population viability are furthering efforts to recover 
and restore anadromous salmonids in the Klamath River 
Basin.  Continued commitment to these activities is impera-
tive to restoring the River ecosystem and the communities that 
depend on it for their livelihood and cultural heritage.  Future 
progress on these efforts will continue to be reported annually 
to Congress.

California Coastal Monitoring Plan 

NMFS and CDFG are collaborating to develop a comprehen-
sive monitoring plan to evaluate population trends of anadro-
mous salmonids.  The Coastal Monitoring Plan is designed to 
provide information on CESA and ESA listed salmonids for 
the four VSP parameters—abundance, productivity, spatial 
structure, and diversity; for freshwater and ocean survival; 
for freshwater habitat conditions; and for habitat restoration 
effectiveness.  Management decisions are routinely made by 
both state and federal agencies based on their understanding of 
these concepts.  There is a pressing need for improved salmo-
nid information to better inform these decisions.  Sampling 
will occur in a spatially explicit and balanced way to support 
flexibility in the analyses of larger or smaller spatial groupings 
of the data.  The biological information from the Plan will be 
regularly organized by northern and southern areas, ESUs and 
DPSs, and individual populations, but will support analyses at 
other scales. The Plan also provides organizational structure to 
ensure efficient, effective, and timely data flow from the collec-
tion phase to central databases for editing and analysis.
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Appendix B:  Klamath River Basin ESUs and DPSs
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