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Preface
The Coastal Pelagic Species Management Team (CPSMT) convened from August 14-15, 2001 to
address management and research issues associated with the market squid (Loligo opalescens)
resource off the California coast. The overall goal of this CPSMT meeting was to review information
generated from the recently conducted Stock Assessment Review (STAR) session for squid held in May
2001. Specifically, the CPSMT focused on the following objectives during the two-day meeting: (1)
develop consensus regarding important points concluded in the STAR Panel’s Report; (2) determine if the
suite of model configurations based on the Egg Escapement (EE) method could be further reduced into a
tractable subset (Maxwell 2001); (3) further evaluate important parameters of the EE approach (e.g.,
population ‘threshold’ levels) in efforts to establish maximum sustainable yield (MSY)-based management
schemes; and (4) develop sampling, laboratory, and analysis schedules that support the EE approach in
particular, and also discuss the merits of gathering auxiliary data that would improve understanding of
squid population dynamics. The following synopsis presents the CPSMT’s recommendations.
Summary
First and foremost, the CPSMT generally supports the findings of the STAR Panel and in particular, its
conclusion that the EE method can provide an effective framework for monitoring/managing the squid
population in the future (see objective (1) in Preface). That is, the current port sampling program
implemented by the California Department of Fish and Game (CDFG), along with newly developed
laboratory and analysis procedures conducted by the National Marine Fisheries Service (Southwest
Fisheries Science Center, SWFSC), will provide an objective method for establishing Maximum
Sustainable Yield (MSY)-based management goals for the squid resource, e.g., for developing biological
reference points. In practical terms, the EE approach can be used to evaluate the effects of fishing
mortality (F) on the spawning potential of the stock and in particular, to examine the relation between the
stock’s reproductive output and candidate proxies for the fishing mortality that results in MSY (FMSY).
However, it is important to note that this approach does not provide estimates of historical or current total
biomass and thus, a definitive yield (i.e., quota or Acceptable Biological Catch) cannot be determined at
this time. Ultimately, the EE approach can be used to assess whether the fleet is fishing above or below
an a priori-determined sustainable level of exploitation and in this context, can be used as an effective
management tool. Reasons for adopting the EE method for monitoring/managing the squid population,
rather than other analytical approaches (e.g., surplus production and depletion models), are presented in
STAR (2001).
A critical underpinning of this recommendation is that the fishery continues to concentrate strictly on squid
spawning grounds–the fishing fleet attracts mature squid using lights deployed during the evening hours.
This spawning-grounds squid fishery appears to have the following characteristics: (1) historically,
harvests have consisted almost entirely of mature animals that have had an opportunity to spawn, i.e., lay
some or all of their eggs before capture; (2) recruitment and future catches in each fishing season largely
depend on successful and adequate spawning in the preceding season; (3) the squid are determinate
spawners, with potential lifetime fecundity fixed at maturity; (4) the squid die soon after laying their full
complement of eggs, i.e., semelparous reproduction; and (5) interpretable, anatomical evidence of
spawning must be able to be estimated from commercial harvest data, which can be routinely collected
through an ongoing port sampling program. The fact that evidence of spawning can be derived from
commercially landed specimens offers a unique opportunity to implement an EE method for fishery
monitoring/management. Ultimately, estimates of past spawning, coupled with per-recruit analysis theory,
can provide the necessary statistics for determining the relationships between important equilibriumbased fishery descriptors, e.g., for determining how fishing mortality (F) influences residual eggs at time
of capture, eggs per recruit, and EE.
Although the CPSMT is supportive of such an approach for this fishery and recommends beginning
efforts for its implementation, there still exist areas of uncertainty that would greatly benefit from further
evaluation. In this regard, the following areas of squid biology are only generally understood at this time
and thus, were treated through ‘sensitivity’ analysis at the modeling stage: (1) maturation rate; (2)
duration of spawning; (3) egg-laying rate; and (4) natural mortality rate.
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The CPSMT recommends that the squid resource be formally reviewed again in 2004. Thus, a
research/management sequence should be started for completion by early 2004. Important areas of work
include: (1) rigorous monitoring of the landed catch for the occurrence of immature squid; (2) collection of
fishermen logbook data that will allow changes in fishing techniques and success to be accurately
measured; and (3) initiating studies that shed light on areas of squid biology still unresolved (see above).
An extensive research/management list is presented in Maxwell (2001) and summarized in STAR (2001).
Finally, the following discussion (see Additional Notes) addresses pertinent decisions made by the
CPSMT to develop a workable monitoring/management plan for the squid fishery based on the EE
method, i.e., the STAR Panel (STAR 2001) provided general recommendations regarding analytical
methods and left determination of specific model configurations and other management-related
parameters to the CPSMT.
Additional Notes
The following discussion briefly describes technical decisions made by the CPSMT regarding the squid
stock assessment conducted in 2001 in general and the EE method in particular (see Maxwell 2001).
The discussion is partitioned into four general areas: (1) selection of a ‘preferred’ model scenario; (2)
selection of a ‘threshold’ level of egg escapement (EE value) that can be considered a warning flag when
tracking the status of the population; (3) fishery operations in (and after) El Nin
_o/Southern Oscillation
(ENSO) events; and finally, (4) necessary management-related constraints.
Preferred Model Scenario
The CPSMT largely relied on researchers familiar with squid biology to identify a ‘preferred’ (most
plausible) model scenario from the suite proposed in the overall analysis. First, given that model version
1 was the more general of the two proposed versions and adequately captured what is known (at this
time) regarding the maturation schedule of this species, the CPSMT recommended that this version be
focused on when deriving final estimates. Further, two important areas of squid biology that were treated
in sensitivity analysis during modeling exercises included hypothesized rates of natural mortality (M) and
egg laying (v). The CPSMT recommended that the preferred model scenario be based on M = 0.15 and v
= 0.45 (both are daily rates), given: (1) data on the energetics of egg production and longevity of sexually
mature adults indicate higher values of M are more likely than lower values; and (2) anatomical
examinations of reproductive organs of young spawning females support egg-laying rates that are roughly
equivalent to v = 0.45. It is important to note that rates of natural mortality (M), as well as fishing mortality
(F), are generally believed to be much higher for this marine animal than that estimated for species of
fish; however, mortality associated with squid should be interpreted in the context of this species’ life
history strategy, namely, it’s relatively short life span and associated high productivity.
Threshold Level of Egg Escapement
A ‘threshold’ level of egg escapement can be practically interpreted as a level of ‘reproductive’ (egg)
escapement (EE) that is believed to be at or near a minimum level that is considered necessary to allow
the population to maintain it’s level of abundance into the future (i.e., allow for ‘sustainable’ reproduction
year after year). It is important to note that a threshold level of egg escapement applicable to this species
is not known in strict terms at this time (and likely not a fixed value on an annual basis), but rather,
determined from evaluating general patterns of harvest observed in the squid fishery off California, as
well as examining similar reference points relied upon in other squid fisheries as approximate guidelines.
The CPSMT recommended that a threshold value of 0.3 (30%) be used initially, given: (1) a reproductive
escapement threshold of roughly 0.4 (40%) has been used effectively in other squid fisheries (e.g.,
Falkland Islands fishery)–keeping in mind that the Falkland Island fishery harvests primarily juveniles; (2)
not all of the squid spawning grounds off the California coast are subject to fishing pressure; (3) an
existing weekend closure allows two days per week for spawning in the absence of fishing; and (4) the
daily mortality of females during spawning is likely quite high.
Given the reasons above, it is certainly possible that a more appropriate threshold level is even lower
than 0.3; however, the CPSMT does not recommend a lower level of egg escapement, given: (1) this is a
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new approach that should be monitored for some time before adopting a lower threshold; (2) there are
some uncertainties about the retention of eggs in the females after capture; (3) there may be unevaluated
fishery-dependent sources of mortality after spawning, such as fishing gear destruction of egg beds; (4)
squid are members of a lower animal trophic level of the marine ecosystem and thus, play an important
role as a forage species utilized by animals at higher trophic levels; and (5) sample data indicate that it is
not likely that the recommended threshold will hamper the operations of the fishery as observed since the
mid 1990s.
ENSO Events
The CPSMT deferred consideration of the effects of ENSO conditions on the squid population and
ultimately, the fishery itself, until studies that focus on the influence of such oceanographic phenomena
on squid abundance and distribution generate useful management advice. A consistent observation
during such events is a temporary cessation of availability to the fishery. Although researchers generally
believe this ‘disappearance’ is due to both reduced reproduction by the population and movement out of
the established spawning grounds and into favorable habitat, the extent and magnitude of each response
are not clearly defined at this time. Most importantly, there is no indication from the post-ENSO landings
of long-term detrimental damage to the population’s ability to sustain itself, i.e., the population has
recovered relatively quickly following El Nin
_o events. Although catches by the fleet dramatically decline
during such periods and in effect, ‘self-regulate’ the fishery, the CPSMT cautioned that further restrictions
on catch may be warranted in the future, given the broad impact that these oceanographic conditions
have on many marine animal populations distributed along the U.S. Pacific coast.
Monitoring and Management Issues
Most importantly, the CPSMT concurred with the STAR Panel that the current squid fishery should remain
under the immediate jurisdiction of the state of California (i.e., CDFG)–keeping in mind the federal-based
policies inherently in place for all U.S.-based fisheries. The newly adopted EE method should be
considered a joint effort between the CDFG and NMFS (see Summary above). Additionally, sample data
(e.g., catch-related statistics) are currently being collected by the Oregon Department of Fish and Wildlife
(ODFW) and the Washington Department of Fish and Wildlife (WDFW), with the possibility that in the
future, ODFW and WDFW, along with CDFG, may assist in collection of information directly related to the
EE method.
The CPSMT recognized that the management measures already in place by the CDFG for the squid
fishery are effective tools for controlling the amount of fishing pressure exerted on the population, e.g.,
weekend closures and protected (no fishing) areas along the coast. In this regard, the CPSMT
recommended that management-related exercises that may be needed in the future (via the EE method,
e.g., falling below a threshold of 0.3) be implemented by the CDFG using similar, but somewhat more
rigorous, regulations as those in place currently. Finally, the CPSMT strongly recommended that the
recent CDFG-proposed annual landings cap on the total harvest of squid be supported. This
management measure should not be considered a trivial constraint, given many of the conclusions drawn
from the overall squid assessment were based on past fishing practices of the fleet and the dynamics of
the population may indeed change if subjected to uncharacteristically high catches (also, see spawning
grounds squid fishery in Summary above for related point).
References
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Market Squid MSY Alternatives in Draft
Amendment 10
•

Alternative 1 (status quo - no action). Set no MSY.

•

Alternative 2 (set MSY proxy based on evaluation of historical
landings, see draft Amendment 9, section 5.2.1).

•

Alternative 3 (set MSY proxy based on spawning area
expansion method, see draft Amendment 9, section 5.2.2).

•

Alternative 4 - CPSMT Preferred. (set FMSY proxy based on
Egg Escapement method, see Recommendations for Market
Squid Management and Research, CPSMT Report, Exhibit
H.2.b).

CPS LIMITED ENTRY ISSUES IN
DRAFT AMENDMENT 10
• Issue 1* - Establishes capacity goal for CPS
limited entry fleet.
• Issue 2* - Establishes conditions for transfer of
existing permits.
• Subissue 2a - Establishes a process for
adjusting permit transferability to
maintain the capacity goal.
• Subissue 2b - Establishes procedures for
issuing new permits.
* Reviewed and adopted by Council in April 2001

Issue 1 – Capacity Goal for the CPS
Limited Entry Fleet
•

Alternative 1 – Adopted. Maintain a larger, diverse CPS finfish fleet,
with normal harvesting capacity equal to the long-term potential yield
and with physical capacity to harvest peak period amounts. (current
65 vessels with total GRT = 5,642 mt)

•

Alternative 2. Work the fleet down to a smaller number of ‘CPS
specialists’ with normal harvesting capacity equal to average total
finfish landings over the 1981-2000 period. (28-33 vessels)

•

Alternative 3. Base the fleet size on our expectations of long-term
potential yield of CPS finfish and the number of vessels physically
capable of harvesting that yield without an excess capacity reserve.
(12 vessels)

•

Alternative 4 (status quo - no action). Maintain a fixed fleet of 65
vessels with no capacity goal or limits on fleet GRT.

Issue 2 – Conditions for Transfer of
Existing Permits
•

Alternative 1 (status quo - no action). No transferability of
permits except 1) if the permitted vessel totally lost, stolen or
scrapped, or 2) the permit is placed on a replacement vessel of
the same or less harvesting capacity.

•

Alternative 2. Allow CPS finfish limited entry permits to be
transferred without constraints.

•

Alternative 3 – Adopted. Allow permits to be transferred with
restrictions on the capacity of the vessel to which it would be
transferred to: 1) full transferability of permits to vessels of
comparable capacity (vessel GRT +10% allowance), and 2)
allow permits to be combined up in cases where the vessel to
be transferred to is of greater capacity. Each permit would retain
the original GRT endorsement.

Subissue 2a – Process for Adjusting Permit
Transferability to Maintain the Capacity Goal
•

Alternative 1 (status quo). No provisions for adjusting transferability. A
CPS limited entry permit would be transferable per conditions under
Issue 2, Adopted Alternative 3.

•

Alternative 2. Restore fleet capacity to target fleet GRT (5,642 mt) by
restricting conditions for permit transfer when the upper threshold of
fleet GRT(fleet GRT plus 5%, or 5,924 mt) is reached. Once the
trigger point is met or exceeded, permits could only be transferred by
combining-up on a 2 for 1 basis. Transfer restrictions could be
repealed once fleet GRT is reduced back down to the 5,642 mt target.

•

Alternative 3 (CPSMT Preferred). Same trigger point as Alt. 2, but
once it is met or exceeded, permits could only be transferred to
vessels with equal or smaller GRT and the 10% vessel allowance
would be removed. The 10% allowance could be reconsidered once
total fleet GRT is reduced to 5,642 mt target.

Subissue 2b – Procedures for Issuing
New Limited Entry Permits
•

Alternative 1. No qualifying criteria in the FMP. Permits would be
issued on a first come first served basis (e.g. by lottery or auction).

•

Alternative 2 (CPSMT Preferred). Use qualifying criteria originally
established in Amendment 8 for issuance of new CPS finfish limited
entry permits. This would entail continuing down the list of 640 vessels
having landings during the 1993-97 window period in order of
decreasing window period landings.

•

Alternative 3. Establish new qualifying criteria (i.e. new window period,
minimum landings). This would probably be desirable if there were
reasons to extend the window period further back in time to qualify
vessels whose history in the fishery pre-dated the original window
period. This option would probably require an amendment to the FMP.
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COASTAL PELAGIC SPECIES MANAGEMENT TEAM RECOMMENDATION
SQUID RESEARCH AND MANAGEMENT OFF CALIFORNIA
Statement to the Pacific Fishery Management Council
November 1, 2001
Clarion Hotel - San Francisco Airport
Millbrae, CA
The Coastal Pelagic Species Management Team (Management Team) convened from August 14-15,
2001 to address management and research issues associated with the market squid (Loligo opalescens)
resource off the California coast. The overall goal of this Management Team meeting was to review
information generated from the recently conducted Stock Assessment Review (STAR) session for squid
held in May 2001. Specifically, the Management Team focused on the following objectives during the
two-day meeting: (1) develop consensus regarding important points concluded in the STAR Panel’s
Report; (2) determine if the suite of model configurations based on the Egg Escapement (EE) method
could be further reduced into a tractable subset; (3) further evaluate important parameters of the Egg
Escapement approach in efforts to establish maximum sustainable yield (MSY)-based management
schemes; and (4) develop sampling, laboratory, and analysis schedules that support the Egg
Escapement approach in particular, and also discuss the merits of gathering auxiliary data that would
improve understanding of squid population dynamics. The following synopsis presents the Management
Team’s recommendations (for further details see Recommendations for Market Squid Management and
Research - Exhibit H.2.b, CPSMT Report, November 2001).
First and foremost, the Management Team generally supports the findings of the STAR Panel and in
particular, its conclusion that the Egg Escapement method can provide an effective framework for
monitoring/managing the squid population in the future. That is, the current port sampling program
implemented by the California Department of Fish and Game, along with newly developed laboratory and
analysis procedures conducted by the National Marine Fisheries Service (Southwest Fisheries Science
Center), will provide an objective method for establishing Maximum Sustainable Yield (MSY)-based
management goals for the squid resource. In practical terms, the Egg Escapement approach can be
used to evaluate the effects of fishing mortality on the spawning potential of the stock and in particular, to
examine the relation between the stock’s reproductive output and candidate proxies for the fishing
mortality that results in Maximum Sustainable Yields. However, it is important to note that this approach
does not provide estimates of historical or current total biomass and thus, a definitive yield (i.e., a quota
or Acceptable Biological Catch) cannot be determined at this time. Ultimately, the Egg Escapement
approach can be used to assess whether the fleet is fishing above or below an a priori-determined
sustainable level of exploitation and in this context, can be used as an effective management tool.
The Management Team recommends that the squid resource be formally reviewed again in 2004. Thus,
a research/management sequence should be started for completion by early 2004. Important areas of
work include: (1) rigorous monitoring of the landed catch for the occurrence of immature squid; (2)
collection of fishermen logbook data that will allow changes in fishing techniques and success to be
accurately measured; and (3) initiating studies that shed light on areas of squid biology still unresolved.
Finally, the following discussion addresses pertinent decisions made by the Management Team to
develop a workable monitoring/management plan for the squid fishery based on the Egg Escapement
method, i.e., the STAR Panel provided general recommendations regarding analytical methods and left
determination of specific model configurations and other management-related parameters to the
Management Team. This discussion is partitioned into four general areas (see Additional Notes in Exhibit
H.2.b): (1) selection of a ‘preferred’ model scenario; (2) selection of a ‘threshold’ level of egg escapement
that can be considered a warning flag when tracking the status of the population; (3) fishery operations in
(and after) ENSO events; and (4) necessary management-related constraints.
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Preferred Model Scenario
The Management Team largely relied on researchers familiar with squid biology to identify a preferred
model scenario from the suite proposed in the overall analysis. The Management Team recommends
that model version 1 (based on a scenario with natural mortality rate = 0.15 and egg laying rate = 0.45) be
used to assess the status of the squid population.
Threshold Level of Egg Escapement
A ‘threshold’ level of egg escapement can be practically interpreted as a level of reproductive
escapement that is believed to be at or near a minimum level that is considered necessary to allow the
population to maintain it’s level of abundance into the future. The Management Team recommends that a
threshold value of 0.3 (30%) be used to assess the status of the squid population.
ENSO Events
The Management Team deferred consideration of the effects of ENSO conditions on the squid population
and ultimately, the fishery itself, until studies that focus on the influence of such oceanographic
phenomena on squid abundance and distribution generate useful management advice.
Monitoring and Management Issues
The Management Team concurs with the STAR Panel that the present squid fishery needs to be closely
monitored using the state-coordinated port sampling programs. Fishery monitoring should be especially
attentive to the possible future development of a juvenile fishery. Further, it is recommended that
regulatory-related issues applicable to the current squid fishery off California remain under the jurisdiction
of the California Department of Fish and Game through consultation with the Management Team itself –
keeping in mind the federal-based policies inherently in place for all U.S.-based fisheries. Finally, the
newly adopted Egg Escapement method should be considered a joint effort between the California
Department of Fish and Game and the National Marine Fisheries Service, with future involvement by the
Oregon Department of Fish and Wildlife and the Washington Department of Fish and Wildlife if the fishery
or monitoring programs observe northern expansion of the population.

PFMC
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Report of the
Stock Assessment Review (STAR) Panel
for Market Squid

May 14-17, 2001

Southwest Fisheries Science Center
La Jolla, California

Market Squid Stock Assessment Review (STAR)
BACKGROUND
C

Department of Commerce rejected portions of Amendment 8 to the CPS
FMP (1999)

C

Draft Amendment 8 did not include an estimate of maximum sustainable
yield (MSY) for market squid

C

SSC reviewed newly derived estimates of MSY for market squid (Sept
2000)

C

The SSC did not recommend an MSY value due to:
(1)
great uncertainties surrounding the MSY estimates
(2) general, ongoing concerns regarding the appropriateness of
defining MSY-based reference points for this species

C

Significant new biological findings & fishery data are now available (CDF&G
and SWFSC research efforts)

C

SSC recommended (and the Council concurred) that:
(1)
SSC, NMFS, AND CDF&G should organize a stock assessment
review (STAR) panel
(2) Squid STAR Panel should meet during 2001

Market Squid Stock Assessment Review (STAR)
Terms of Reference (Appendix A)
[1]

Review recent findings on the biology and life history of
market squid, including the assessment-related aspects of
age and growth, maturity, fecundity, spawning behavior,
longevity, habitat, and environment.

[2]

Review newly developed fisheries-related data, including
catch history, effort data, and port sampling protocols as
they relate to estimation of key biological, population
parameters.

[3]

Review all aspects of MSY estimation, as required by the
Magnuson-Stevens Fishery Conservation and Management
Act for all FMPs, and address the concept of MSY as it
relates to a species that is short-lived and whose
abundance/availability is largely environmentally
determined.

[4]

Consider management measures for market squid, including
operationally-practical control rules, long-term monitoring
programs, and in-season adjustment mechanisms.

[5]

Prepare a report for the SSC detailing the findings of the
review, practical management recommendations, and the
key research & data needs.

Market Squid Stock Assessment Review (STAR)
Panel Members
Tom Barnes

CDFG & Council’s GMT

Ray Conser (co-chair)

NMFS & Council’s SSC

Larry Jacobson

NMFS-Woods Hole, outside reviewer

Tom Jagielo (co-chair)

WDFW & Council’s SSC

Heather Munro

Munro Consulting &

Paul Smith

NMFS & Council’s CPSMT

Council’s CPSAS

Market Squid Stock Assessment Review
Working Papers
(Appendix C)
WP1

Macewicz, B. J., J. R. Hunter, N. C. H. Lo,
and E. L. LaCasella. 2001. Lifetime
fecundity of the market squid, Loligo
opalescens.

WP2

Macewicz, B. J., J. R. Hunter, and N. C.
H. Lo. 2001. Validation and monitoring
of the escapement fecundity of market
squid.

WP3

Butler, J., J. Wagner, and A. Henry.
2001. Age and growth of Loligo
opalescens.

WP4

California Department of Fish and Game
(CDFG). 2001. Status of the market
squid fishery with recommendations for
a conservation and management plan. M.
Yaremko (editor).

WP5

Coastal Pelagic Species Management
Team (CPSMT). 2001. Coastal pelagic
species fishery management team
working review: market squid optimum
yield and maximum sustainable yield
working plan.

Market Squid Stock Assessment Review (STAR)
Working Papers - continued (Appendix C)

WP7

Maxwell, M. R. 2001. Stock assessment models
for the market squid, Loligo opalescens.

WP8

Maxwell, M. R., and P. R. Crone. 2001.
Management recommendations for the market
squid fishery.

-------------------------------------------------------------------WP9*

Maxwell, M. R. 2001. Reproductive (egg)
escapement model and management
recommendations for the market squid fishery.

WP9 is a revision of WP8 requested by the STAR Panel to
document the analyses carried out during the STAR Panel
meeting. The analyses and results contained therein reflect
the STAR Panel consensus at the end of its meeting with
respect to the most appropriate modelling and management
control rules
*

Market Squid Stock Assessment Review (STAR)
Participants
(Appendix D)
Last Name

First Name Affiliation

Amoroso
Barnes
Butler
Conser
Crone
Garrison
Henry
Herrick
Hill
Hunter
Jacobson
Jagielo
Klingbeil
Lo
Lutz
Maxwell
Munro
Oliver
Smith
Vetter
Wagner
Wertz
Yaremko

Orlando
Tom
John
Ray
Paul
Karen
Annette
Sam
Kevin
John
Larry
Tom
Rick
Nancy
Steven
Mike
Heather
Chuck
Paul
Russ
John
Steve
Marci

San Pedro Purse Seine Owners
CDFG, La Jolla
SWFSC, NMFS
SWFSC, NMFS
SWFSC, NMFS
NRDC, San Francisco
CDFG, La Jolla
SWFSC, NMFS
CDFG, La Jolla
SWFSC, NMFS
NEFSC, NMFS – Woods Hole, MA
WDFW, Olympia, WA
CDFG, Los Alamitos
SWFSC, NMFS
USC
UCSD, SIO
Munro Consulting
SWFSC, NMFS
SWFSC, NMFS
SWFSC, NMFS
UCSD, SIO
CDFG, Los Alamitos
CDFG, La Jolla

Market Squid Stock Assessment Review (STAR)
Maximum Sustainable Yield
C

Focused on MSY as a basis for practical management
reference points

C

Reviewed earlier work on MSY estimation for market squid
(WP 5)

C

Reviewed new work on MSY estimation (WP 7 & WP 8)

C

Explored other possible means for estimating MSY with
available data

C

STAR Panel Conclusions on MSY:
(1)

Currently available MSY-based reference points do not
provide a practical basis for year-to-year management
of market squid

(2)

It will be more fruitful to explore MSY proxies as a
basis for market squid management than to continue
efforts on MSY-based reference points

(3)

Egg escapement reference points may provide viable
MSY proxies for market squid

Market Squid Stock Assessment Review (STAR)
Practical Control Rules for Management
C

Market squid life history strategy and the current
operational practices of the fishery upon them present
unique management challenges and opportunities

C

Traditional management approaches, such as those used for
the Council’s groundfish and salmon FMP’s, may not be
appropriate for market squid management

C

An egg escapement approach to market squid management,
which captures these unique aspects, was presented to the
STAR Panel and refined during the meeting.

C

STAR Panel Conclusions on Egg Escapement Approach:
(1)

Although further refinement and sensitivity analysis
are desirable, the egg escapement approach is
technically sound

(2)

Current port sampling protocols and laboratory
procedures appear to provide the key data elements
needed to implement the approach

(3)

The STAR Panel recommends that this approach be
explored as the basis of control rules for market
squid management

Market Squid Stock Assessment Review (STAR)
Status of the Market Squid Stock
C

The fishing mortality rate (F) on market squid in recent years is
likely less than the F associated with commonly used reference
points, e.g. F40%

C

This conclusion follows from the current fishery & life history
characteristics. In particular that:
(1) fishing occurs almost entirely on terminal spawning
aggregations
(2) market squid are short-lived with determinate fecundity
and extremely high natural mortality after reaching
maturity

C

The resilience of the market squid stock may change
significantly if a substantial fishery develops for immature squid

C

Additional research and data collection are needed to confirm
these preliminary conclusions (see Sections 6 & 7 of the STAR
Panel Report)

Market Squid Stock Assessment Review (STAR)
Acknowledgments

C

CDF&G (and the California legislature) for financial
support of much of the new biological research on market
squid

C

The authors of the working papers presented to the STAR
Panel – both for their work and preparations prior to the
Panel meeting, and for the additional efforts extended
during the meeting to support the STAR Panel requests

C

The superb support provided by the CDF&G and NMFS
staff in La Jolla.

C

The excellent meeting and computing facilities provided by
the NMFS Southwest Fisheries Science Center

Stock Assessment of Pacific Sardine with
Management Recommendations for 2002

Ray Conser1 Kevin Hill2 Paul Crone1
Nancy Lo1 Darrin Bergen2
NMFS Southwest Fisheries Science Center1
California Department of Fish and Game2
8604 La Jolla Shores Drive
La Jolla, CA 92038 USA

Dedication
This paper is dedicated to the late
Dr. Garth Murphy
who passed away during 2001
• Dr. Murphy was a world-renowned
population biologist and a genuine pioneer
in the study of Pacific sardine. Without
his diligent, conscientious, and truly
innovative efforts, this work would not
have been possible.

Sardine Stock Assessment
Overview

Available Data
Modelling
Stock Structure

Data Sources for Stock Assessment
• Fishery-dependent data
– Landings
– Catch-at-age
– Biological information
• Fishery-independent data
– Research survey indices of abundance
– Spotter pilot index abundance
– Environmental data (SST)

Stock Assessment Modelling
• Age-structured model (CANSAR—TAM)
–
–
–
–
–

Flexible catch-at-age analysis
Incorporates fishery-independent data
Integrates a simple migration model
Parameter estimates via NL least squares
Uncertainty estimated via bootstrapping

Stock Area

“Inside Area”

Data Sources from “Inside Area”
• Fisheries Data
– USA (California) + Mexico (Ensenada)

• Indices of Abundance (California)
– Research surveys (egg & larval)
– Spotter pilot index

• Environmental Data (California)
– Sea surface temperature at Scripps Pier (La Jolla)

Sardine Landings, 1983-2001

Sardine Catch-at-age, 1983-2000
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Indices of Sardine Abundance
• Indices of Spawning Stock Biomass
– CalCOFI egg index (proportion positive)
– Spawning area index (nm2)
– Daily egg production method index (mt)
• Index of Pre-Adults
– Aerial spotter plane pilot index (mt)
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Model Calibration with
Indices of Abundance

CalCOFI Index of SSB
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Estimates of Stock Biomass
and Recruitment

Pacific Sardine Biomass, Ages 1+
with 95% Confidence Intervals
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Pacific Sardine Recruitment, Age 0
with 95% Confidence Intervals
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Harvest Guidelines for USA
Fisheries in 2002
and
Future Management
Considerations

Proposed Harvest Guideline for 2002

HG2002 = (Biomass2001 - Cutoff) • Fraction • USA
HG2002 = (1,057,599 – 150,000) • 15% • 87%
HG2002 = (

907,599 MT

HG2002 = 118,442 MT

) • 15% • 87%

Environmentally-Based Control Rule
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Control Rule for 2003 Harvest Guideline
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For 2003 HG
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USA Coastwide Harvest Guidelines and
Subsequent Annual Landings

USA Coastwide vs. Ensenada Sardine Landings

Principal Assessment Limitations
• Both fishery-dependent and fishery-independent
data were essentially limited to southern California
+ Ensenada (Inside Area)
• Biological data were sparse for Mexican & Canadian
fisheries, and for the USA northern fisheries
• Survey data were unavailable for Mexican &
Canadian fisheries, and for USA northern fisheries
• Sample data were insufficient to critically examine
migration modelling & assumptions

Improving Coastwide Data Availability
and Stock Assessment Modelling

2nd Trinational Sardine Forum
(USA, Mexico, and Canada)
San Diego (Old Town)
November 29-30, 2001

Sardine Stock Assessment and Harvest
Guidelines -- Conclusions
• Status of the stock
– Spawning biomass at high level
– Rate of population increase may have slowed
– Recent recruitment may be at lower level
• Harvest Guidelines
– 2002 HG not likely to constrain USA fishery
– Future HG’s may become constraining if:

• Recruitment declines are confirmed in subsequent
assessments
• SST continues to decline, invoking environmentallybased precautionary management

Figure Template

Major Section Template
xxxxx

Major Section Template

Bullet List Template
• Fishery-dependent data
– Landings
– Catch-at-age
– Biological information
• Fishery-independent data
– Research survey indices of abundance
– Spotter pilot index abundance
– Environmental data (SST)

Exhibit H.3.b
Supplemental SSC Report
November 2001

SCIENTIFIC AND STATISTICAL COMMITTEE STATEMENT ON
PACIFIC SARDINE HARVEST GUIDELINE FOR 2002
Dr. Ray Conser briefed the Scientific and Statistical Committee (SSC) on the stock assessment results for
Pacific sardine and the 2002 U.S. harvest guideline. The assessment model and data analysis are
identical to those used in previous years. The analysis incorporates the most recent fishery and survey
data.
The data shortcomings identified last year have not been rectified. The First Trinational Sardine Forum
(U.S.A., Mexico, and Canada), which was convened in 2000, was not successful in building the coastwide
database (British Columbia through Baja, California) needed for sardine stock assessment. Thus the only
option available to the Coastal Pelagic Species Management Team (CPSMT) for 2002 was to update the
previous assessment model, which is based on that portion of the sardine population off the southern half
of California, and extrapolate the results to include Mexico and the northern areas. The Second
Trinational Sardine Forum will be convened in San Diego during November 29-30, 2001. If successful,
the data thus obtained will provide a basis for developing a new coastwide assessment in 2003. The
SSC views the Forum as the most promising venue for the Trinational collaboration needed to improve
the assessment, and encourages the U.S. state agencies (Washington, Oregon, and California), federal
agencies, and the Council family (CPSMT, Coastal Pelagic Species Advisory Subpanel (CPSAS), SSC,
and Council staff) to fully participate in the Forum. For now, the SSC recommends the current
assessment be accepted, as it is based on the best available information.
A year ago the SSC recommended that a peer review (similar to the groundfish Stock Assessment
Review (STAR) process) be scheduled for Pacific mackerel and Pacific sardine in early 2002. The
CPSMT is optimistic that the upcoming Second Trinational Sardine Forum will be more successful than
the 2000 Forum in assembling a coastwide data base. If progress is made, the SSC recommends the
peer review that we requested last year be rescheduled for spring of 2003, so the new coastwide sardine
assessment can be reviewed, in addition to the Pacific mackerel assessment.
The SSC notes that Pacific sardine is now, along with Pacific whiting, the most abundant fish resource off
the West Coast; at one time sardine was the largest single-species fishery in the world. Yet the research
program for supporting sardine assessment is seriously underfunded. The current fishery independent
surveys are restricted to the southern half of California and only provide indices of sardine egg
abundance and daily egg production. The aerial fish spotter index only covers the nearshore areas of the
southern California Bight. The adult parameters used in recent biomass estimates are computed on the
basis of biological data collected in 1994, at a time when the population was one-tenth of the 2002
biomass. The SSC strongly urges the National Marine Fisheries Service at both the regional and national
levels to develop and fund a resource survey plan and budget with a specific time line, including ship time
that will sample the sardine population over its range, with the objective of estimating spawning biomass
and age composition of the sardine population.
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Exhibit H.2
Situation Summary
November 2001

AMENDMENT 10 TO THE COASTAL PELAGIC SPECIES FISHERY MANAGEMENT PLAN
Situation: There are two items related to Amendment 10 that will be presented to the Council. The first is
the results of the market squid maximum sustainable yield (MSY) workshop. The second is consideration
of subissues related to capacity and permit transferability in the coastal pelagic species (CPS) fishery. It
is anticipated the Council will take preliminary action on Amendment 10 in March 2002 and final action in
June 2002.
Market Squid MSY
A workshop to review market squid stock assessment methods was held in May 2001. The workshop
sought to address disapproved provisions in the CPS fishery management plan (FMP); specifically, MSY
for market squid. A principal workshop goal was to investigate ways to integrate squid research into the
FMP. Council review of this workshop is carried over from the September 2001 meeting as world events
prevented the Coastal Pelagic Species Advisory Subpanel (CPSAS) from meeting to review the workshop
report.
A final workshop report will be presented to the Council. The Scientific and Statistical Committee (SSC)
will report on their review of the workshop. The CPS Management Team (CPSMT) and CPSAS will
provide their recommendations for incorporating workshop findings into the CPS FMP.
Limited Entry Issues
As noted above, Amendment 10 also addresses capacity issues and permit transferability in the CPS
limited entry fishery. The CPSMT and CPSAS will report on two subissues requiring Council input: (1)
the process for adjusting permit transferability to maintain the capacity goal, and (2) the process for
issuing new limited entry permits if fleet capacity falls below the capacity goal.
Council Task: Guidance on the contents of and process for developing Amendment 10.
Reference Materials:
1.
2.
3.
4.

Exhibit H.2.b, Final Workshop Report.
Exhibit H.2.b, CPSMT Report.
Exhibit H.2.b, Supplemental SSC Report.
Exhibit H.2.b, Supplemental CPSAS Report.
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Exhibit H.3.b
Supplemental CPSMT Report
November 2001

COASTAL PELAGIC SPECIES MANAGEMENT TEAM STATEMENT ON
PACIFIC SARDINE HARVEST GUIDELINE FOR 2002
The Coastal Pelagic Species Management Team (CPSMT) and Coastal Pelagic Species Advisory
Subpanel (CPSAS) recently met to review results from the latest Pacific sardine stock assessment which
will be used to set a harvest guideline (HG) for the 2002 season. The CPSMT concurs with the stock
assessment team’s analyses and recommends that the Council adopt a harvest guideline of 118,442 metric
tons (mt) for the upcoming season.
The CPSMT discussed questions related to the temperature component of the harvest control rule and
identified a need to reevaluate research areas related to this issue. The CPSMT will discuss this issue at
their next scheduled meeting, will develop a work schedule, and can provide the Council with an update at
the March meeting.
As communicated by the Scientific and Statistical Committee (SSC), it is critical that both industry and
management bodies actively pursue additional research funds, which will be necessary to improve future
assessments of the sardine population off North America.
Finally, the CPSMT concurs with the SSC regarding a revised stock assessment review schedule for
sardine and Pacific mackerel for spring 2003.

PFMC
11/01/01

