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1. Background information on data-moderate assessment methodology 

Assessment capacity and data to support assessments of West Coast groundfish 
The Pacific Fishery Management Council (PFMC) Fishery Management Plan (FMP) for 
groundfish species off the U.S. West Coast includes 90+ stocks. The stocks within the FMP 
experience a wide range of high to low exploitation levels from commercial and recreational 
fishing. To date, only 41 species (some with multiple stocks) within the groundfish FMP have 
received some level of assessment to estimate abundance, status, and overfishing levels (OFLs) to 
set annual catch limits (ACLs) with all other species being managed under OFLs determined based 
on historical catches, biology, and an assumed relative stock status.  The ability to assess additional 
species managed under the groundfish FMP is limited due to both data availability and assessment 
capacity.  

Assessment capacity is limited due to the number of federal staff available to conduct assessments, 
reviews, conduct biological research to inform maturity and fecundity, and age reading within the 
biennial schedule.  At present, depending upon the number of stocks and/or model areas, the 
assessment capacity within each biennium generally provides for benchmark assessments for 
between 3-8 species, 1-2 assessment updates, as well as several catch-only projections (note that, 
in addition, an international assessment for Pacific hake is mandated every winter). This limited 
capacity has led to challenges in ensuring that assessments used for management are conducted 
every 10-years or less, leading to a number of species where the most recent assessment was 
conducted up to 14 years ago (e.g., greenstriped rockfish and splitnose rockfish). For 16 species, 
the time since the most-recent assessment currently exceeds the target assessment frequency 
calculated as part of the stock assessment prioritization (SAP) analysis ranging between 2-10 
years.  

The second challenge to conducting assessments for all groundfish stocks is the availability of 
data. This limits the ability to assess a large number of particular stocks, outside of the issue of 
assessment capacity. The majority of stocks that are yet to be formally assessed lack sufficient 
length and/or age data from either fisheries or surveys. These data limitations are often most 
pronounced for nearshore stocks, particularly for those off California, where there may be little to 
no age data available from fisheries along with limited surveys collecting information on relative 
abundance and biological composition over time.  
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The evolution of the data moderate assessments for PFMC groundfish 
The challenges posed due to assessment capacity and data limitation led to work by assessment 
scientists to identify assessment methods that can utilize more limited data and that may be less 
labor-intensive to conduct and review for West Coast groundfish stocks, thereby increasing both 
the number of stocks that have the potential to be assessed and assessment throughput. Initial 
research efforts focused on incorporating available relative indices of abundance along with 
assumptions around biology, stock status, and productivity resulting in the development of 
Extended Depletion Based Stock Reduction Analysis and Extended Simple Stock Synthesis 
(PFMC Methodology Review, 2012;  Wetzel and Punt, 2015).  These index-only data-moderate 
assessment methods were then applied in 2013 to assess nine groundfish species (Cope et al., 
2015). A stock assessment review (STAR) panel determined that models for seven species (brown 
rockfish, China rockfish, copper rockfish, sharpchin rockfish, yellowtail rockfish north of 40° 10′ 
N. Lat, rex sole, and English sole) adequately estimated abundance and stock status and could be 
used for management (i.e., assessments for vermilion/sunset rockfish and yellowtail rockfish south 
of 40° 10′ N. Lat were withdrawn by the assessment authors and the model for stripetail rockfish 
was too uncertain for use by management). The Groundfish Subcommittee (GFSC) to the 
Scientific and Statistical Committee (SSC) and the full SSC reviewed and recommended the 
assessments as Best Scientific Information Available (BSIA) to determine stock status and OFLs.  

Many of the data limited species with the groundfish FMP include data types that would be 
excluded within an index-only data-moderate assessment (e.g., length compositions) but which 
could be informative within an assessment. Additionally, many species without routine age 
collection for fisheries (or a survey) might never be considered for a benchmark assessment, and 
for those a data-moderate assessment approach might be the best that could be delivered without 
new data-collection initiatives. This led to new research led by the Northwest Fisheries Science 
Center (NWFSC) to develop a methodology for including index of abundance and length 
compositions under the data-moderate assessment framework (Rudd et al., 2021). This new 
method was termed length-based data-moderate (LB-DM) but has also been referred to as Stock 
Synthesis-Catch and Length (SS-CL). Rudd et al. (2021) conducted both a simulation study and 
systemic data reductions for existing benchmark assessments to evaluate model performance that 
was presented to the GFSC by the NWFSC at an assessment methodology workshop in the spring 
of 2020 (Agenda Item D.4, Attachment 2, September 2020). The simulation work examined the 
performance of length-based models across a variety of different life-history and data-availability 
assumptions. Existing benchmark assessments were also compared to versions retaining only catch 
and length data for 10 species. For each case, four different durations of length data retained were 
examined, ranging from all years to just the single most-recent year of length data. Comparison 
plots are shown in Figure 1 for the eight species where the base models included more than trivial 
amounts of age data. In some cases, models using only catch and at least 20 years of length data 
produced relative spawning biomass/output time series that were very close to the base models, 
and in a couple of cases, there was a divergence between base case and the most length-rich 
scenarios. 

The performance of LB-DM assessments was further reviewed by the GFSC on October 23, 2020 
and then reviewed by the full SSC, which endorsed the use of this methodology (Agenda Item 
G.5.a, Supplemental SSC Report 1, November 2020). The SSC noted that this approach could 

https://www.pcouncil.org/documents/2017/07/assessment-methods-for-data-moderate-stocks-report-of-the-methodology-review-panel-meeting-june-26-29-2012.pdf/
https://www.sciencedirect.com/science/article/pii/S016578361500185X
https://www.pcouncil.org/documents/2015/01/data-moderate-stock-assessments-for-brown-china-copper-sharpchin-stripetail-and-yellowtail-rockfishes-and-english-and-rex-soles-in-2013-published-january-2015.pdf/
https://www.pcouncil.org/documents/2015/01/data-moderate-stock-assessments-for-brown-china-copper-sharpchin-stripetail-and-yellowtail-rockfishes-and-english-and-rex-soles-in-2013-published-january-2015.pdf/
https://repository.library.noaa.gov/view/noaa/49603
https://www.pcouncil.org/documents/2020/08/d-4-attachment-2-assessment-methodology-review-of-length-based-assessment-methods.pdf/
https://www.pcouncil.org/documents/2020/11/g-5-a-supplemental-ssc-report-1.pdf/
https://www.pcouncil.org/documents/2020/11/g-5-a-supplemental-ssc-report-1.pdf/
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provide an assessment pathway for species managed at that time under category 3 analyses and 
that are also highly attained relative to their OFL or ABC (or their OFL/ABC contributions to the 
totals for a complex; equivalently rated as highly vulnerable from productivity-susceptibility 
(PSA) analysis) and have adequate length data and life-history information. This approach could 
also be used for species stocks with dated category 1 assessments that have low attainment relative 
to existing OFLs and ABCs, and for any species where the ageing process is particularly time 
consuming and/or have high ageing error. 

Subsequently, the GFSC proposed revisions to the groundfish stock assessment terms of reference 
to include guidance on how to conduct LB-DM (Agenda Item G.5.a, SSC Groundfish 
Subcommittee Report 1, November 2020). Based on endorsement by the SSC for LB-DM 
assessments, the Council adopted their use as well as an associated Terms of Reference, and 
identified three species—copper, quillback, and squarespot rockfishes—for which 2021 
assessments would utilize this new approach.  

As for the use of LB-DM assessments to inform stock status, there is no apparent reason why they 
should not be used to describe status. All of our assessments exist on a continuum of data 
availability and informational content of the data that are available. The SSC has, on occasion in 
the past, recommended that an assessment not be used to inform either status, if the confidence 
interval around the depletion estimate is unreasonably large, or setting an OFL, if the scale of the 
modeled population is highly sensitive to a reasonable range of parameter uncertainty. It is 
important to note that LB-DM assessments have essentially been conducted historically for species 
where no reliable ageing methodology exists (e.g., shortspine thornyhead, longspine thornyhead, 
and Pacific spiny dogfish). Additionally, across groundfish assessments length data are often the 
most abundant data source within assessments and are often highly influential in informing 
estimates of abundance, stock status, and OFLs. For example, 2023 benchmark assessments of 
copper rockfish in California waters that included catch, index, length, and age data resulted in 
relatively similar estimates of abundance, stock status and OFLs for the stock compared to the LB-
DM assessments conducted in 2021 that used catch, length, and limited index data (Supplemental 
Informational Report 9, November 2023). 
 
At both the September and November 2023 meetings there were discussions around whether data-
moderate assessments should be used to determine stock status in opposition to the SSC’s multiple 
recommendations since 2013 that had deemed the majority of data-moderate assessments were 
appropriate to determine stock status and inform OFLs, including this June 2021 SSC report 
(Agenda Item G.5.a, Suplemental SSC Report 1, June 2021; page 7, first bullet). The consequences 
of not using any data-moderate assessments to inform status would relegate all of them to category 
3, for purposes of determining the scientific uncertainty buffer. That would have the effect of 
doubling the size of the buffer for calculating Acceptable Biological Catches (ABCs) for most of 
the 2021 and 2023 LB-DMs assessments (2021: copper rockfish in Oregon and Washington 
(California was reassessed in 2023), quillback rockfish in Oregon and California (Washington was 
already assigned as category 3), squarespot rockfish; 2023: rex sole and shortspine thornyhead), 
and those species assessed in 2013 that are yet to be re-assessed. Additionally, it would call into 
question whether assessments that are basically LB-DM such as the 2013 longspine thornyhead 
and 2021 Pacific spiny dogfish assessment should receive a category 3 assignment doubling the 
scientific uncertainty buffer.  

https://www.pcouncil.org/documents/2020/10/g-5-a-ssc-groundfish-subcommittee-report-1-the-scientific-and-statistical-committees-groundfish-subcommittee-report-on-terms-of-reference-for-the-groundfish-and-coastal-pelagic-species-stoc.pdf/
https://www.pcouncil.org/documents/2020/10/g-5-a-ssc-groundfish-subcommittee-report-1-the-scientific-and-statistical-committees-groundfish-subcommittee-report-on-terms-of-reference-for-the-groundfish-and-coastal-pelagic-species-stoc.pdf/
https://www.pcouncil.org/documents/2023/10/supplemental-informational-report-9-summary-of-west-coast-groundfish-assessments-conducted-in-2023.pdf/
https://www.pcouncil.org/documents/2023/10/supplemental-informational-report-9-summary-of-west-coast-groundfish-assessments-conducted-in-2023.pdf/
https://www.pcouncil.org/documents/2021/06/g-5-a-supplemental-ssc-report-1-2.pdf/
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2. Application of LB-DM methods to quillback rockfish 

History of concerns around harvest levels of quillback rockfish 
In the late 1990s and early 2000s nine West Coast groundfish stocks were declared overfished.  
The general pattern across these assessments was that stocks began to decline precipitously, 
generally starting in the 1970s, due to overexploitation. As of 2023, eight of the stocks declared 
overfished between 1999-2002 have been declared rebuilt due to management actions and positive 
environmental conditions (e.g., recent above average rockfish recruitment). Fishing mortality 
decreased from the levels observed during the period of stock declines for a wide range of species 
in the groundfish FMP due to a range of management measures aimed at rebuilding overfished 
stocks. Across nearshore and shelf species that have been assessed in the last 15-years a common 
pattern has been observed of population declines in the 1980s and 1990s, often below the relative 
biomass target reference point or even the minimum stock size threshold (MSST), and then 
increasing abundance from low levels starting in the early 2000s.   
 
In 2010, the Groundfish Management Team (GMT) provided a report examining the vulnerability 
of species in the groundfish FMP using a productivity and susceptibility analysis (PSA; Agenda 
Item E.2.b, GMT Report, March 2010). This analysis identified China rockfish, copper rockfish, 
and quillback rockfish as three of the five most vulnerable stocks off the West Coast due to low 
productivity and high vulnerability to the fishery. Recently conducted category 1 and 2 
assessments for China and copper rockfishes support the PSA analysis in that these assessments 
have estimated that portions of these species off the West Coast were below 40 percent at the time 
of assessment. The 2015 benchmark assessment of China rockfish off the West Coast estimated 
that the area south of 40° 10′ N. Lat. was 27.9 percent of unfished, well below the target reference 
point of 40 percent (Dick et al., 2016). The 2023 benchmark assessment of copper rockfish south 
of 34° 27′ N. Lat. estimated the population south of Point Conception in California waters to be at 
16 percent of unfished spawning output with the California wide stock area at 36.6 percent of 
unfished (Wetzel et al., 2023). 
 
Subsequent work to estimate OFLs for 50 data-limited, category 3, stocks in the groundfish FMP 
was conducted in 2010 (Dick and MacCall, 2010). This analysis used coastwide catches and 
assumptions around biology and the relative stock status in 2010 to estimate a coastwide OFL for 
quillback rockfish. Dick and MacCall (2010) noted for that the 2008-2009 average catch for three 
stocks (one of which was quillback rockfish) exceeded the estimated OFLs: 
 

“A comparison of recent catch levels (average catch, 2008-2009) and projected OFLs 
in 2010 suggests that if catch levels remain near recent levels, a number of species could 
be subject to overfishing (Table 63). Specifically, rougheye rockfish, quillback rockfish, 
and China rockfish have a greater than 50% chance of experiencing overfishing if 2010 
catch is equal to average catch over the past two years.” 

 
The coastwide category-3 OFL for quillback rockfish was 15.0 mt (median value from Table 62 
in Dick and MacCall, 2010). Examining historical coastwide catches between 1980-1999, 
coastwide catches exceeded the newly estimated 15.0 mt coastwide OFL for quillback rockfish in 

https://www.pcouncil.org/documents/2010/03/e-groundfish-fishery-management-march-2010.pdf/#page=108
https://www.pcouncil.org/documents/2010/03/e-groundfish-fishery-management-march-2010.pdf/#page=108
https://www.pcouncil.org/documents/2016/04/status-of-china-rockfish-off-the-u-s-pacific-coast-in-2015-april-2016.pdf/
https://www.pcouncil.org/documents/2023/08/g-2-attachment-2-draft-assessment-of-status-of-copper-rockfish-sebastes-caurinus-along-the-u-s-california-coast-south-of-point-conception-in-2023-electronic-only.pdf/
https://repository.library.noaa.gov/view/noaa/3737
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17 out of 20 years, with catch exceeding the OFL in 7 out of 9 years between 2000-2009. It is 
important to note that quillback rockfish is currently managed in the nearshore complex, split north 
and south of 40° 10′ N. Lat. where overfishing is tracked at the complex level rather than at the 
species-specific OFL contribution.  
 
In 2016, the NWFSC conducted the first formal stock assessment prioritization (SAP) process to 
identify species most in need of assessment based on a range of fishery and biological factors 
norting that SAP is conducted at the species level where information is aggregated at the coastwide 
level. The 2016 SAP identified that average attainment between 2012-2014 for quillback rockfish 
was 108 percent of the average OFL for that period. Subsequent SAPs conducted in 2018, 2020, 
and 2022 identified that average catches continued to be near or well above the coastwide OFL for 
quillback rockfish (2014-2016: 88 percent, 2016-2018: 163 percent, 2018-2020: 212 percent).  
 
In summary, while a category-2 assessment of quillback rockfish was not available until 2021, 
there were numerous pieces of information indicating that catches continued to remain near or 
above the catches observed between 1981-2000, a period where other rockfish assessments have 
estimated that catches were often exceeding exploitation targets.  Additionally, catches in recent 
years of quillback rockfish were known to be exceeding the category 3 species-specific OFL at the 
coastwide level.  

Data workshops and scientific reviews for 2021 data-moderate assessments 
In preparation for the 2021 length-based data-moderate assessment, a pre-assessment workshop 
was held on October 26, 2020. Available data, proposed model-areas, and modeling assumptions 
were presented for quillback, copper, and squarespot rockfishes. For quillback rockfish three 
separate model areas corresponding to state-areas were proposed, due to differences in historical 
exploitation and management. Landed catch of quillback rockfish in historical reconstructions for 
recreational and commercial fisheries was greatest in California waters, representing 63 percent of 
coastwide landings. At the time of the pre-assessment data-workshop it was noted that no otoliths 
collected from California recreational or commercial fisheries were available for ageing, with 
limited numbers of ages available in Oregon (921 samples) and Washington (240 samples). Given 
the limited number of ages across all areas, the estimation of a coastwide growth curve would be 
required.    
 
All three length-based data-moderate assessments were reviewed by the Groundfish Sub-
committee (GFSC) of the Scientific and Statistical Committee (SSC) at the beginning of the June 
2021 Council meeting. All model-areas for the three species (e.g., four model areas for copper 
rockfish, three for quillback rockfish, and one area for squarespot rockfish) were endorsed by the 
SSC as BSIA for use by management. The Council, in its discussion of that agenda item, requested 
that the SSC and GFSC take an additional look at the quillback rockfish assessment (note that the 
Pacific spiny dogfish, squarespot rockfish, and two California models for copper rockfish were 
also included in the Council request). Subsequently, the quillback rockfish assessment author 
responded to five further requests from the GFSC, and that work was reviewed by the GFSC in 
two separate meetings held on August 17th and September 29th of 2021. The SSC considered the 
GFSC’s report from those meetings in September and November, and reiterated its endorsement 

https://www.pcouncil.org/documents/2021/01/report-of-the-pre-assessment-workshop-for-2021-groundfish-stock-assessments-of-dover-sole-copper-rockfish-quillback-rockfish-and-squarespot-rockfish-october-2020.pdf/
https://www.pcouncil.org/documents/2021/01/report-of-the-pre-assessment-workshop-for-2021-groundfish-stock-assessments-of-dover-sole-copper-rockfish-quillback-rockfish-and-squarespot-rockfish-october-2020.pdf/
https://www.pcouncil.org/documents/2021/01/report-of-the-pre-assessment-workshop-for-2021-groundfish-stock-assessments-of-dover-sole-copper-rockfish-quillback-rockfish-and-squarespot-rockfish-october-2020.pdf/
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of the assessment as BSIA and appropriate for use in management and status determination 
(Agenda Item C.6.a, Supplemental SSC Report 1, September 2021; Agenda Item E.2.a, 
Supplemental SSC Report 1, November 2021). The Council adopted the assessments for all three 
species at the November 2021 council meeting.  
 
Subsequent to the November 2021 Council meeting, the National Marine Fisheries Service 
(NMFS) determined that a rebuilding plan, though already conducted and reviewed, was not 
needed at that time because a separate California quillback rockfish stock was not defined in the 
Groundfish FMP. At the June 2023 meeting, the Council adopted state-level stock units for 
quillback rockfish as part of Amendment 31 to establish stock definitions for species that were 
assessed in 2021 and being assessed in 2023. Given the definition of a California quillback stock 
and the 2021 assessment that estimated the stock to be below the MSST, an updated rebuilding 
plan was provided by the NWFSC, reviewed by the GFSC and SSC, and endorsed by the SSC as 
BSIA at the November 2023 Council meeting (Agenda item E.2.a, Supplemental SSC Report 1, 
November 2023). On December 14, 2023 NMFS declared quillback rockfish off California 
overfished and in need of rebuilding.   
 
3. Responses to Council questions on the 2021 assessment of quillback rockfish 
in California waters 
 

At the September and November 2023 Council meetings, considerable criticism was voiced 
regarding the 2021 quillback rockfish assessment despite past endorsement by the SSC and 
Council at the November 2021 Council meeting, and little if any objection during the intervening 
two years. The NWFSC was asked to provide an informational report to address concerns with the 
assessment. The Science Center was later provided with a set of topic areas by Executive Director 
Burden, which are summarized below, each briefly in a single sentence, followed by the full text 
in brackets: 

• The relationship between estimated stock biomass and fishing mortality. [The relationship 
between total biomass and fishing mortality. Several Council members have indicated they 
think the amount of catch coming in over the last two to three years could not be possible 
if the biomass is as small as the assessment says it is.] 

• Changes in the estimated population age structure over time. [Is it possible to develop a 
plot of population-level age structure over time?  If that’s not changing, then First 
Principles tells us we’re probably dealing with a stable stock that’s not being 
overharvested.] 

• Reconciling a declining stock with a stable average length of fishery catch. [Why the 
assessment indicates the stock is going down, while the length data over time does not 
appear to reflect a declining size/age (logic being, if a stock is being overfished then the 
average size should be dropping). Examining the commercial length data would indicate 
the stock is stable] 

• The assessment model’s sensitivity to natural mortality and the degree of confidence we 
have in the value used in the base model. [The range of possible Natural Mortalities in the 
assessment and the confidence around the estimate that was eventually used. The 
assessment is highly sensitive to this parameter and some Council members have expressed 

https://www.pcouncil.org/documents/2021/09/c-6-a-supplemental-ssc-report-1-2.pdf/
https://www.pcouncil.org/documents/2021/11/e-2-a-supplemental-ssc-report-1-2.pdf/
https://www.pcouncil.org/documents/2021/11/e-2-a-supplemental-ssc-report-1-2.pdf/
https://www.pcouncil.org/documents/2023/11/e-2-a-supplemental-ssc-report-1-4.pdf/
https://www.pcouncil.org/documents/2023/11/e-2-a-supplemental-ssc-report-1-4.pdf/
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curiosity about how that number in the model was derived and how confident we are about 
it.  Additionally, if this parameter is related to maximum age, then how confident are we 
in the maximum age for the stock off California (knowing that some studies/books have 
indicated quillback reaches 95 years of age off BC)] 

• The impact of fishing-area restrictions on the representativeness of data used in the 
assessment. [The representativeness of input data to the actual population given the amount 
of area off limits to fishing. Given the high site fidelity of quillback, and the amount of 
area that is restricted to fishing, doesn't the data being used in the model indicate what is 
happening at several localized areas rather than an entire coast.] 

• Use of data or parameters from areas other than California in the California model. [The 
biological input data into the CA assessment appears to come from information at various 
locations up and down the west coast. While data from other areas of the coast may be the 
only data point available in some cases, this doesn't necessarily mean it is representative of 
a population off of California. When combined with the high level of sensitivity the stock 
assessment has to biological parameters, assuming that biological data from other regions 
is representative of California is concerning] 

The relationship between estimated stock biomass and fishing mortality 
 
Concern was voiced in the September 2023 Council meeting about the relative proportion of 
quillback rockfish catch mortality in California compared to the estimated biomass from the 
model. In response, the relationship between fishing mortality and exploitable biomass for a 
number of other species whose low stock status levels have necessitated rebuilding were examined. 
A summary of those findings is provided in Table 1. The values for quillback rockfish indicate 
that catch represented a higher percentage of age 3+ biomass in the 1990s, when the stock was 
first depleted, than in the final years of the assessed period. Although not shown in the table, 
catches in 2021 and 2022 would likely fall into the 20-30 percent range of 3+ biomass, which 
would be more comparable to many of the years in the 1992-1998 period.  
 
Also shown on the first page of Table 1 are comparable values for cowcod, drawn from the most 
recent 2019 assessment. Catches removed 10-20 percent of the estimated cowcod summary 
biomass in six consecutive years, beginning in 1976, a period which was followed by seven more 
years in which catch represented 20-40 percent of summary biomass. On the second page of Table 
1 are time series from two different canary rockfish assessments: the one conducted this year and 
the 2005 assessment. Please note that the reported summary biomass amounts in these assessments 
include different age ranges. Both assessments indicate that catch began exceeding 10 percent of 
the summary biomass by 1980, continuing through the late 1990s, with this metric approaching 26 
percent in some years in the 1990s. Similarly for copper rockfish in the area south of Pt. 
Conception, catch began exceeding 10 percent of estimated age 3+ biomass in 1979 and remained 
there through 2000, with the exception of two years. Copper rockfish also had four years in which 
catch represented more than 20 percent of summary biomass: three in the mid-1980s and in 1996. 
The last page of Table 1 reports values for bocaccio and yelloweye rockfish. Catches for bocaccio 
first topped 10 percent of age 1+ biomass in 1967, which continued in 1973, for 20 of the next 21 
years (ending in 1995). Finally for yelloweye rockfish, catch rose above 10 percent of age 8+ 
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biomass in 1989, which continued for 8 of the next 10 years (ending in 2000). These cases illustrate 
that the high rates of exploitation for quillback rockfish in recent and earlier periods are similar to 
rates calculated from assessments for other species-areas where spawning output has been depleted 
to less than 25 percent of the unfished level. 
 
Conclusion: The relationship between stock biomass and the amount of catch for quillback 
rockfish is consistent with other species with low stock status levels. 

Changes in the estimated population age structure over time 
 
The age-composition of the quillback rockfish stock off California is estimated to have changed 
dramatically since the 1970s. Population structure was stable from the 1950s through the early 
1970s, with fish over 50 years of age comprising 9 percent of the total biomass, and those over 15 
years of age accounting for 65 percent, as illustrated in the upper panel of Figure 2, which depicts 
the age-group shares of total biomass from 1950 through 2021. Catches started increasing in 1983 
and then peaked in the early 1990s. As a result, the estimated fraction of unfished spawning output 
fell from 55 percent in 1980 to 10 percent in 1998, which severely truncated the age composition 
of the stock. The contribution of fish older than 15 years fell to just 3 percent by 1999. The lower 
panels of Figure 2 show the fraction of unfished spawning output and total fishing mortality for 
the same time period.  
 
Conclusion: The population age structure for quillback rockfish has changed over time. 

Reconciling a declining stock with a stable average length of fishery catch 
As shown in Figure 3, there have been trends over time in the average length of quillback rockfish 
caught in the recreational and commercial fisheries off California. Furthermore, those trends are 
broadly consistent with the pattern of depletion estimated by the base model, particularly the near-
complete removal of fish older than 15 by the end of the 1990s. Increases in average length in the 
last decade are consistent with a growing share of the stock composed of age 11-25 fish, as well 
as recent expansions of the area available to fishing. Figure 4 overlays the average length time 
series over the asymptotic portion of the coastwide growth curve used in the assessment. A long 
period of negative recruitment deviations for nearly all years since 2000 also contributes toward 
an increasing trend in average catch lengths due to smaller sized fish not contributing as much to 
the population as during periods of above average recruitment.  
 
Conclusion: The patterns in average length are consistent with model estimates of biomass 
and recruitment patterns. 

Sensitivity to natural mortality 
 
Natural mortality is a critical value in stock assessments, and the assessment for quillback rockfish 
is no exception. Estimating natural mortality was a sensitivity that resulted in some of the largest 
change in model results, and natural mortality was selected as the primary axis of uncertainty for 
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decision tables. However, natural mortality is difficult to estimate biologically. The assessment 
described the rationale for the choice of natural mortality value as based on literature values for 
longevity. Using literature values for model parameters is an accepted and common approach for 
West Coast assessments. The formula for determining the median of the prior around natural 
mortality is determined by dividing 5.4 by the maximum age (Hamel and Cope, 2022). Longevity 
estimates in the literature for quillback rockfish along the U.S. West Coast come from samples 
collected in waters off Washington or farther north. The value for maximum age used in the 2021 
quillback rockfish assessment was 95 years (Yamanaka and Lacko, 2001). Although this study is 
based on data from southern Canada, it is widely cited in recent applications across the U.S. West 
Coast as the maximum age for quillback rockfish (e.g., Love et al., 2002; Palsson et al., 2009). A 
later study with an updated dataset from the one used in Yamanaka and Lacko (2001) shows that 
the next oldest age from southern Canada is 80 years (COSEWIC, 2009). The maximum age given 
from other recent studies include 73 years among samples in Puget Sound (Palsson et al., 2009), 
and 90 years among samples in southeast Alaska (Munk, 2001). It should be noted that longevity 
values between 73-95 all correspond to natural mortality estimates below the value used for the 
high state of nature, which also estimates that quillback rockfish are below the minimum stock 
size threshold of 25 percent. A number of older studies provide values for maximum age ranging 
from 15-73, but age-validation studies support higher values (Kerr et al., 2005), as do data 
collected and used within the 2021 quillback rockfish assessments (three fish sampled off 
Washington were aged at or greater than 69 years), despite the history of exploitation which would 
be expected to result in a lower maximum observed age relative to longevity. In the absence of 
information specific to California, there is limited justification to assume a greatly different value 
for longevity (and therefore natural mortality) for California from that used in the other 2021 
assessments.  

Conclusion: In the absence of California-specific literature studies, there is limited 
justification to assume a greatly different value for longevity (and therefore natural 
mortality) for California compared to Oregon and Washington. 

The impact of fishing-area restrictions on the representativeness of data used in the 
assessment 
Assessment models use the data available to them. Fishing-area restrictions limit collection of data 
from some areas. Despite the improved data availability and analysis in the quillback rockfish 
stock assessment, assessors were unable to fully account for potential biomass within geographic 
areas closed to fishing for quillback rockfish due to a lack of available monitoring data in closed 
areas, an ongoing issue for all nearshore rockfish stocks off the coast of California and Oregon. 
Selectivity blocks that corresponded to major changes in fishing restrictions were used within 
sensitivity runs for the 2021 assessment to explore in part how changes to fishing-area restrictions 
would affect model results. Some sampling programs sample within closed areas (e.g., CCFRP, 
CDFW ROV) and these data are planned to be incorporated in future assessments where such data 
are able to be used under the PFMC Terms of Reference. However, sensitivities within the 2023 
copper rockfish stock assessments showed these data had limited impact on model results 
compared to other survey data sources for both the northern and southern California models 
(Figure 91 in Monk et al., 2023, and Figure 112 in Wetzel et al., 2023).  

https://www.sciencedirect.com/science/article/pii/S0165783622002545
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/263391.pdf
https://wdfw.wa.gov/publications/00926
https://www.sararegistry.gc.ca/virtual_sara/files/cosewic/sr_Quillback%20Rockfish_0810_e.pdf
https://www.adfg.alaska.gov/static/home/library/PDFs/afrb/munkv8n1.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/2005/1031/kerr.pdf
https://www.pcouncil.org/documents/2023/08/g-2-attachment-1-draft-assessment-of-status-of-copper-rockfish-sebastes-caurinus-along-the-u-s-california-coast-north-of-point-conception-in-2023-electronic-only.pdf/
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Conclusion: Limited data in areas closed to fishing is a common issue for assessments. This 
remains an area for future research. 

Use of data or parameters from areas other than California in the California model 
The current assessment was based on data from recreational and commercial fisheries that were 
specific to California along with coastwide or regional scientific research studies where California-
specific data were unavailable or insufficient to estimate parameters on their own. Sharing data 
across adjoining areas is common for assessments, especially for species with limited enough data 
to warrant an LB-DM assessment. Increased sampling by the state of California would help reduce 
the need to use data from other regions in future assessments. The biggest concern in comments at 
the September 2023 Council meeting with the use of data from other areas for the California 
quillback assessment seemed to be related to growth estimation, to which the assessment model 
was found to be sensitive. Growth data were extensively reviewed by the GFSC and SSC during 
the August and September 2021 reviews.  The reviews supported the conclusion by the STAT that 
California age and length data were insufficient to estimate a California-specific growth curve. 
Details of these analyses are extensively described in the reports from these meetings. Less concern 
was voiced for other biological relationships (though see response to natural mortality above).  
 
Conclusion: This issue has been extensively discussed during reviews in 2021. Increased 
sampling by California would help reduce the need to use data from other regions in future 
assessments.  
 

4. Data collection needs to support assessments 

Lack of age data from California continues to be a serious challenge 
The lack of ongoing random otolith collections from commercial and recreational fisheries in 
California poses serious challenges to assessments and is not isolated to only quillback rockfish. 
Comparing the number of available read ages across the modeled areas in the recent assessments 
of black rockfish and vermilion and sunset rockfish from the commercial and recreational fisheries 
highlight the severity of the issue. Since 2010, there were 0 commercial and recreational ages 
available for the two California assessments of vermilion and sunset rockfish, compared to 1,469 
and 623 ages available from Oregon and Washington, respectively. Yet 97 percent of the coastwide 
spawning output for vermilion and sunset rockfish is estimated to occur in waters off California. 
The assessments of black rockfish in California had a total of 1,720 ages associated with 
commercial or recreational fisheries since 2010 compared to 22,956 ages available in Oregon and 
19,498 in Washington for the same time period.  The ages available in California for black rockfish 
comprise only 3 percent of the total ages coastwide, far below the Coastwide proportion of 
estimated black rockfish spawning output estimated to occur in California (e.g., 33 percent in 
California, 41 percent in Oregon, and 26 percent in Washington). The lack of otoliths collected 
from fisheries in California has also impacted other assessments. The 2015 assessment of China 
rockfish in California (Dick et al., 2016), the 2017 assessment of California scorpionfish (Monk 
et al., 2017), and the 2019 assessment of gopher and black and yellow rockfish (Monk and He, 

https://www.pcouncil.org/documents/2017/01/status-of-california-scorpionfish-scorpaena-guttata-off-southern-california-in-2017.pdf/
https://www.pcouncil.org/documents/2017/01/status-of-california-scorpionfish-scorpaena-guttata-off-southern-california-in-2017.pdf/
https://www.pcouncil.org/documents/2019/10/gopher-black-and-yellow-assessment-2019.pdf/


 

11 

2019) all have 0 ages associating with fishing fleets in the model. Each of the above assessments 
in California relied heavily on ages collected by surveys (e.g., CCFRP, NWFSC Hook & Line, 
NWFSC West Coast Groundfish Bottom Trawl [WCGBT]) when available, various historical 
research projects (e.g., Jeff Abrams, Bob Lea, 1976-79 CDFW Research Survey), or historical 
fishery collections. In California, up until 2022 there was no mandatory sampling of the 
commercial fisheries and challenges remain in obtaining any age structure sampling from the live-
fish fishery.   

Starting in 2022 a cooperative otolith collection program led by scientists at the Southwest 
Fisheries Science Center (SWFSC) with onboard Charter-Party Fishing Vessels (CPFV) has 
attempted to fill the otolith collection void to support nearshore assessments in California. Each of 
the participating CPFVs has agreed to set aside time from their regular operations to follow random 
sampling protocols and to send samples to the SWFSC. The SWFSC-CPFV cooperative collection 
program collected over 700 otoliths in 2022 alone that supported the 2023 assessments of copper 
rockfish in California. In 2022 and 2023, this collection program began collecting data for 
quillback rockfish with at least 154 otoliths collected by mid-December of 2023. This data 
collection program has been a success to-date due to the willingness of CPFV owners and operators 
to volunteer their time and effort to support assessment science. However, these efforts should not 
be considered an adequate replacement for ongoing sustained random collections from commercial 
and recreational fisheries particularly since they depend upon ongoing volunteer participation. 

The lack of available otoliths across species within California fisheries often requires assessments 
to heavily rely on otoliths from historical research projects or ad-hoc CDFW collections, which 
presents at least two issues for assessments. First, any age data used within an assessment from 
these sources can only be used to estimate growth within the model. In contrast, randomly collected 
age data from fishery sources and surveys can provide information not only on growth but also on 
population age-structure and the strength or weakness of recruitment events. Hence, relying only 
on ad-hoc collections hinders robust population estimates in assessments. The second issue is that 
California lacks a cataloged inventory of unread nearshore otolith structures. Prior to a species 
being selected for assessment, it can be challenging to know what otoliths are truly available for 
age reading before a search is conducted. This greatly hinders the ability to understand the age 
data available but also limits the ability to conduct age reading on the tight timeline for 
assessments. To be considered “available to assessors” in a useful way, structures must be 1) 
physically located, 2) linked with meta-data containing fish length and other descriptors, and 3) 
transported to an agreed-upon ageing lab for reading within the time. It is also important to note 
that California is the only state that does not currently have a state-run ageing lab. 

Age data available for the 2021 assessment for quillback rockfish and ongoing collection to 
support a future assessment of quillback rockfish     
At the November Council meeting, Agenda Item E.2.a, Supplemental CDFW Report 2, November 
2023, states that ”...123 otoliths collected in California remain unread from previous collections 
that were available to assessors for the last assessment that were not prioritized for use.”  This 
statement is incorrect. First, all California quillback samples that were identified prior to the initial 
data deadline for the assessment review were prioritized and read in time to be included in the 
external growth estimation used within the California model. Following the June 2021 Council 

https://www.pcouncil.org/documents/2019/10/gopher-black-and-yellow-assessment-2019.pdf/
https://www.pcouncil.org/documents/2023/11/e-2-a-supplemental-cdfw-report-2.pdf/
https://www.pcouncil.org/documents/2023/11/e-2-a-supplemental-cdfw-report-2.pdf/
https://www.pcouncil.org/documents/2023/11/e-2-a-supplemental-cdfw-report-2.pdf/
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meeting, additional samples were identified, and those were aged (i.e., to bring the total to 143 
ages) as rapidly as possible so that they could be included in follow-up assessment exploration that 
occurred over the summer. The additional samples that were collected as part of the Jeff Abrams 
research were not identified and transferred to the Newport Ageing Lab in time to be read for 
inclusion during additional model review in September 2021. However, they were read later that 
fall, and are included in the ageing summary table above. The only age structures that were from 
available cataloged collections, linked to complete meta-data, and sent to the ageing lab from 
California waters prior to the data deadline for the original June 2021 review were the 21 otoliths 
collected by the NWFSC West Coast Groundfish Bottom Trawl (WCGBT) survey. As noted 
above, the lack of known available age-structures in California was discussed at the pre-assessment 
data workshop held in October of 2020. Only after the June 2021 Council meeting, which occurred 
after the initial June review of the assessment, with the Council requesting that the assessment be 
reconsidered by the SSC to review growth and modeling choices, was a concerted effort made by 
staff at the SWFSC to locate samples with data and ship them to the Newport Ageing Lab, where 
they were aged expeditiously in order to support additional analyses that were reviewed in August 
and September. 

As of January 2024, the Newport Ageing Lab has aged 578 quillback rockfish and has 206 
additional structures on hand to be aged (e.g., 154 collected by SWFSC-CPFV cooperative 
collection and 52 collected by California Recreational Fisheries Survey [CRFS]), and other 
collections are anticipated to be sent later in 2024 (Table 2). Roughly 80 percent of the structures 
that have been aged were collected north of Cape Mendocino, and fewer than 8 percent are from 
fish that were smaller than 30 cm. So, at present, not only are there relatively few total ages 
available from California, but they are not drawn in a balanced manner from throughout the 
California extent of the stock, nor do they provide a reliable basis for estimating the lower end of 
the growth curve. There are plans underway by the SWFSC that will hopefully enhance available 
ages, but those data may not be available until well into 2024.       

With regard to otoliths that have been collected since the fall of 2021, we have been in touch with 
individuals holding those samples and they have recently been shipped to Newport to be aged or 
have stated intentions to ship them early in 2024. Secondly, we must emphasize that assembling a 
set of ages (and corresponding lengths) that is sufficient for estimating a reliable growth curve is 
not solely a matter of numbers. Having sufficient samples from small fish is essential to reliably 
estimating the shape of the growth curve for very young fish. Given the form of the von Bertalanffy 
equation, the shape of the curve in the region of the youngest ages can also impact the estimated 
length at age of somewhat older fish. Additionally, the severe truncation of the California stock’s 
age structure that occurred by 2000, prior to the imposition of depth restrictions, suggests that even 
if samples were collected from the depths that have been closed for two decades, they are very 
unlikely to provide adequate information about the older end of the age-length relationship. 
Consequently, it should not be taken for granted that simply increasing the number of structures 
available for ageing, by 100 or 200, will automatically resolve the challenge of estimating a reliable 
California-specific growth curve. 

Another consideration, with respect to the prospect of developing a benchmark assessment for 
quillback rockfish in 2025, is that all of the current collection of otoliths from California fisheries 
is being conducted as special projects. There is no standardized collection of otoliths that would 
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permit existing fishery ages to be used to directly characterize the age-distribution of fishery 
removals. The ACLs associated with the alternative rebuilding strategies for quillback rockfish 
starting in 2025 will present real challenges to collecting age data in the future. Other groundfish 
species managed under rebuilding plans have experienced similar data challenges but the future 
limitations for quillback rockfish may be one of the most constraining situations off the West 
Coast. The limited random collections from the commercial and recreational fisheries following 
the 2021 assessment, aside from the SWFSC led cooperative sampling program, represents a 
missed opportunity to better understand the population of quillback rockfish in California waters 
and to inform future assessments given the expected future constraints to catch of quillback 
rockfish. 
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Tables 
 

Table 1. Time series of catch and summary/exploitable biomass, for selected species estimated to be 
overfished. 
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Table 1 (cont.). Time series of catch and summary/exploitable biomass, for selected species estimated 
to be overfished. 
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Table 1 (cont.). Time series of catch and summary/exploitable biomass, for selected species estimated 
to be overfished. 
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Table 1 (cont.). Time series of catch and summary/exploitable biomass, for selected species estimated 
to be overfished. 
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Table 2. California quillback rockfish otoliths that have been provided to the Newport Ageing Lab 
by source, fish length, and ageing status. There are an additional 141 otoliths collected in 2021, 
2022, and 2023 from California recreational fisheries that are not shown in the below table because 
they have not yet been received by the Newport Ageing Lab.  
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Figures

 
Figure 1. Comparison of estimates of relative spawning biomass between accepted benchmark 
base models and length-based, data-moderate models using varying durations of length data and 
no survey indices. 
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Figure 1 (cont.). Comparison of estimates of relative spawning biomass between accepted 
benchmark base models and length-based, data-moderate models using varying durations of length 
data and no survey indices. 
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Figure 2. Proportion of the population by age between 1950 and 2019 (top panel). The estimated 
fraction of unfished spawning output and the relative fishing mortality between 1950 and 2019 
(bottom panel). 
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Figure 3.  Biomass by age between 1950 and 2019 and trends in the average length in the fishery 
and recreational composition data. 
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Figure 4. Average length (cm) of 50 percent and full selection by the commercial and recreational 
fleets.  
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