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1 Introduction

1.1 Basic Information

This assessment reports the status of quillback rockfish (Sebastes maliger) off the Washington
coast using data through 2020.

The stock off the Washington coast was assessed as a separate stock from other populations
off the U.S. West Coast based on two factors. First, the fairly sedentary nature of quillback
rockfish (Hannah and Rankin 2011; Tolimieri et al. 2009) likely limits movement of fish
between Washington and Oregon. Additionally, the primary region of recreational fishing
off the Washington coast occurs in the central to northern regions. These areas have rocky
habitat with which rockfish species such as quillback rockfish associate. In contrast the
southern coast of Washington consists primarily of soft and sandy substrate. Second, the
exploitation history and magnitude of removals off the Washington coast differ from those in
Oregon and California.

1.2 Life History

Quillback rockfish are a medium- to large-sized nearshore rockfish found from southern
California to the Gulf of Alaska (Love et al. 2002). Off the U.S. West Coast quillback
rockfish are primarily located north of central California, with few observations south of
Point Conception. Quillback rockfish have historically been part of both commercial and
recreational fisheries throughout their range.

Quillback rockfish are found in waters less than 274 meters in depth in nearshore kelp forests
and rocky habitat (Love et al. 2002). The diets of quillback rockfish consist primarily of
benthic and pelagic crustaceans and fish (Murie 1995). The body coloring of adult quillback
rockfish is brown with yellow to orange blotching and light-colored dorsal saddle patches
(Love et al. 2002). As their name suggests, quillback rockfish have long dorsal fin spines.

Limited studies have evaluated genetic variation in quillback rockfish across the U.S. West
Coast. Genetic work has revealed significant differences between Puget Sound and coastal
stocks of quillback rockfish (Stout et al. 2001; Seeb 1998), however Seeb (1998) did not find
significant differentiation in populations of quillback rockfish between coastal Washington
and Alaska. Significant population sub-division along the U.S. West Coast has been detected
for the closely related, and more well-studied copper rockfish (Sebastes caurinus), indicat-
ing limited oceanographic exchange among geographically proximate locations (Seeb 1998;
Buonaccorsi et al. 2002; Johansson et al. 2008). High site-fidelity (Hannah and Rankin
2011) and relatively small home ranges (Tolimieri et al. 2009) for quillback rockfish suggests
patterns of isolation-by-distance as found for other rockfish.



Quillback rockfish are a long-lived rockfish estimated to live up to 95 years (Yamanako and
Lacko 2001; Love et al. 2002). Quillback rockfish was determined to have a vulnerability (V
= 2.22) of major concern in a productivity susceptibility analysis (Cope et al. 2011). This
analysis calculated species specific vulnerability scores based on two dimensions: productivity
characterized by the life history, and susceptibility characterized by how the stock is likely
affected by the fishery in question.

1.3 Historical and Current Fishery Information

Off the Washington coast, quillback rockfish is primarily caught in the recreational fishery,
and in general, is not targeted by either commercial or recreational fleets (Table 1 and Figure
1). Recreational landings of quillback rockfish were provided by the Washington Department
of Fish and Wildlife (WDFW) and for most years were available from 1958 to present, with
a linear interpolation applied for years where data were missing. Recreational harvest is
focused in the central and northern regions in areas of rocky habitat. Although populations
are considered to be widespread in the nearshore marine environment, abundance may be
limited along the southern coast which consists primarily of soft and sandy substrate.

Commercial landings data are available from the WDFW historical reconstruction prior to
1981 and from PacFIN from 1981 through 2020. Washington state waters, which mostly
encompass the depths preferred by quillback rockfish, were closed to commercial fixed gears
in 1995 and to trawling in 1999. In response to the development of the live-fish fishery in
California and Oregon, Washington took preemptive action in 1999 by prohibiting the landing
of live fish. There are four treaty tribes along the Washington coast that continue to fish
under separate commercial rules and are not subject to the state water closure. These tribes
occasionally land small amounts of quillback rockfish. Quillback rockfish are usually landed
in the Nearshore Rockfish group, a mixed-species market category. Species composition
samples are taken from sampled landings, and proportions of quillback rockfish reported in
the nearshore market category are estimated by port, quarter, gear, and year.

1.4 Summary of Management History and Performance

Quillback rockfish is managed by the Pacific Fishery Management Council (PFMC) as a
part of the Minor Nearshore Rockfish North and Minor Nearshore Rockfish South complexes.
The North and South complexes are split at N. 40° 10’ Lat. off the U.S. West Coast. Each
complex is managed based on a complex-level overfishing limit (OFL) and annual catch limit
(ACL) that are determined by summing the species-specific OFL and ACL (ACLs set equal
to the Acceptable Biological Catch) contributions for all stocks managed in the complex.
Removals for species within each complex are managed and tracked against the complex
total OFL and ACL, rather than on a species by species basis.



Quillback rockfish was most recently assessed in 2010 using Depletion-Based Stock Reduction
Analysis (DB-SRA) to provide estimates of coastwide OFLs (Dick and MacCall 2010). The
coastwide OFL was then apportioned to each management area based on the proportion of
historical catches North and South of N. 40° 10’ Lat. DB-SRA does not assess overfished
status, but rather assumes that current depletion is distributed around the management
target (e.g. 40%). The 2010 assessment found there was a 52% chance that quillback rockfish
was experiencing overfishing, as recent coastwide catch of quillback rockfish slightly exceeded
the median coastwide OFL estimate at the time.

The current OFL contribution and implied ACL contribution for quillback rockfish North
of 40° 10’ Lat. N., the state specific ACL allocation (12.9% for Washington; Groundfish
Management Team, pers. comm.), and the total removals are shown in Table 2.

2 Data

The following types and sources of data were used in this assessment. Fishery catch and
composition data were specific to Washington, however biological data were estimated
coastwide and included Washington, Oregon, and California sources.

1. Commercial landings, and length, weight, and age data obtained from PacFIN and the
WDFW. Age compositions were not fit directly in the model, but age and weight data
were used to estimate biological parameters which were fixed inputs to the model.

2. Estimates of commercial discard length frequencies and fraction discarded in the fishery
obtained from the West Coast Groundfish Observer Program (WCGOP).

3. Recreational landings and discards, and length, weight, and age data obtained from
RecFIN and the WDFW. Age compositions were not fit directly in the model, but age
and weight data were used to estimate biological parameters which were fixed inputs
to the model.

4. Fishery-independent biological data (length, weight, and age) from the Northwest
Fisheries Science Center (NWFSC) West Coast Groundfish Bottom Trawl Survey
(WCGBTS). These data were used to estimate biological parameters which were fixed
inputs to the model.

5. Estimates of fecundity, maturity, and natural mortality from various sources.

A description of each data type is provided below, with timing of catch and composition
data used in the base model shown in Figure 2.



2.1 Fishery-Dependent Data

2.1.1 Commercial Fishery

2.1.1.1 Landings

Commercial landings of quillback rockfish in Washington were provided directly by the
WDFW for years ranging from 1889 to 2014 and compiled from PacFIN for years from 2015
to 2020. Only eight of the years before 1973 have non-zero landings, and all are less than
0.04 mt. Consequently, we exclude landings before 1973 for this assessment. There is limited
commercial fishery removals of quillback rockfish off the Washington coast and not all years
have commercial landings. The highest annual landing was 2.20 mt in 1973 with only three
other years exceeding 1 mt of harvest (1989, 1990, and 2000). Washington closed state waters
to commercial fixed gears in 1995 and to trawling in 1999. Quillback rockfish are occasionally
encountered as bycatch in commercial fisheries outside of state waters and are harvested by
four treaty tribes off the Washington coast that fish under separate commercial rules and are
not subject to the state water closures. Quillback rockfish is landed as part of the mixed
nearshore rockfish market category and species composition data are applied. In 2020, access
to Neah Bay was closed for commercial fisheries sampling due to the COVID-19 pandemic,
so an average proportion for quillback rockfish composition data taken from 2017-2019 was
applied to the nearshore rockfish market category for the Neah Bay Port group in 2020.

The input catches in the model represent total removals: landings plus discards (Table 1
and Figure 1). Discard totals for the commercial fleet for years between 2002-2019 were
determined based on WCGOP data provided in the Groundfish Expanded Mortality Multiyear
(GEMM) product. The total coastwide observed discards were allocated by state and area
based on the total observed landings observed by WCGOP. Discards were added to landings
in years where landings were non-zero to obtain total removals for 2002-2019. Total removals
prior to 2002, and for 2020 where no WCGOP data were yet available, were calculated using
the average discard rates from WCGOP for years within both landings and discards for
Washington (8.3 percent).

2.1.1.2 Length Compositions

Available length data collected from commercial fisheries from 1980-2019 were extracted from
PacFIN for Washington quillback rockfish (Table 3, extracted 2/23/2021). No commercial
length samples were collected in 2020 due to sampling restrictions caused by the COVID-19
pandemic. There are very few length samples of quillback rockfish from commercial fisheries
in Washington. The largest number of length samples (n = 106) occurs for 2006, while every
other year had fewer than 20 samples.

The distribution of the lengths in the commercial data was variable and ranged between 20 -
50 cm (the maximum length data bin size, Figure 3). Given the high number of samples in



2006 compared to other years, the aggregate lengths were very similar to the length data for
2006 (Figure 4). The mean size observed by the commercial fishery was variable within and
across years (Figure 5).

The input sample sizes for the commercial length data were calculated via the Stewart
method (Tan Stewart, personal communication) which incorporate the number of trips and
fish by year:

Input effN = Ny + 0.138 % Ny, if Ny, /Ny
Input effN = 7.06 * N, if Ngq,/N,

is < 44

rips

rips rips is > 44

Despite the variability in commercial lengths due to small sample size, the model was able to
estimate selectivity for the commercial fleet. A sensitivity analysis was conducted by setting
the selectivity of the commercial fleet to mirror that of the recreational fleet (see Section

3.6.4 for details).

2.1.2 Recreational / Sport Fishery

2.1.2.1 Landings

Recreational removals are the primary source of fishing mortality for quillback rockfish (Table
1 and Figure 1). Removals were specified in numbers of fish (1,000s) and were converted
to metric tons internally to the model (Table 4). Annual retained catch (in numbers) from
the Washington recreational fishery in 1967 and from 1975 to 1990 were provided from
WDFW published historical information. Retained catch for years between 1967 and 1975
were calculated based on a linear interpolation for missing data. The linear interpolation
between 1967 to 1975 was extended back in time to determine the first year of positive
catch for the recreational fleet, which was 1958. Recreational data from 1990 through 2020
are from WDFW’s Ocean Sampling Program (OSP) and the Puget Sound baseline (PSB)
sampling program. Catches within Puget Sound were not included in the model, but the
PSB encounters anglers fishing in the ocean and return to ports. Discard estimates are
available from 2002 through 2020 from the OSP and PSB program. Prior to 2002 discard
estimates are based on a linear regression of discard to retained catch. Throughout the time
series a discard mortality rate was applied by harvest depth if information was available.
An overall discard mortality of 31% was applied to quillback rockfish if harvest depth was
unknown. Mortality rates by depth have been reviewed and approved by the PEMC Science
and Statistical Committee. The sum of retained and dead released quillback rockfish made
up the total removal (in numbers) from the recreational fishery. The recreational removals
generally increased over-time, spiked in 1990 to an all time high of over 5,600 fish, generally
declined to 2010, with catches between 1,000 and 2,000 fish per year through 2020, with the
exception of 2019, when over 2,700 fish were removed.



2.1.2.2 Length Compositions

Length compositions for the recreational fleet are available from 1981, 1982, 1983, 1987,
and then for each year from 1995 - 2020 (Table 5). Sample sizes were minimal in years
before 1995. The distribution of lengths of quillback rockfish observed by the recreational
fleet ranged between 20 and 50 cm (the maximum length data bin size, Figure 6). The
mean length observed by year had limited variation since 1995 ranging between 35 - 40 cm,
increasing slightly over time (Figure 7). Mean length in years prior to 1995, which had small
sample sizes, was highly variable.

The input sample sizes for the recreational length data were set equal to the number of
length samples available by year.

2.2 Fishery-Independent Data

No fishery-independent data sources that are commonly incorporated in West Coast groundfish
assessments (as required by the data moderate Terms of Reference) had adequate sample
sizes of quillback rockfish off the Washington coast to include abundance indices for this
assessment. The WCGBTS and the Triennial survey collected data off the Washington coast
on rockfish biology and abundance. There were no more than ten positive tows of quillback
rockfish in any one year coastwide in the WCGBTS, but typically fewer than five. Similarly
there were no more than five positive tows of quillback rockfish in any one year coastwide
for the Triennial survey. Given that indices of abundance were not calculated due to small
sample sizes, length composition data from the WCGBTS (n = 91) and Triennial Survey (n
= 42) off Washington were not included in the model. Biological data from the WCGBTS
survey were used in external calculations of biological parameters, including growth and
weight-at-length relationships. No ages or weights for quillback rockfish were available from
the Triennial survey.

Length data from the International Pacific Halibut Commission longline survey (N = 38),
the Marine Fish Science longline survey (N = 36), and the Marine Fish Science rod and reel
survey (N = 38) were provided by the WDFW. Lengths ranged from 28 - 45 cm from the
longline surveys and 19 - 37 cm from the rod and reel survey. These data were not included
in the model nor used in external calculations of biological parameters.

2.3 Biological Data

This assessment modeled quillback rockfish as a single sex. Growth and length-weight
relationships were similar across sexes, and the literature provided limited evidence of sexual
dimorphism in length (Lenarz and Echeverria 1991). The sections below therefore describe
combined male and female biological data.



2.3.1 Natural Mortality

Hamel (2015) developed a method for combining meta-analytic approaches relating instan-
taneous natural mortality rate (M) to other life-history parameters such as longevity, size,
growth rate, and reproductive effort to provide a prior on M. Then et al. (2015) provided
an updated data set of estimates of M and related life history parameters across a large
number of fish species from which to develop an M estimator for fish species in general.
They concluded by recommending M estimates be based on maximum age alone, based on
an updated Hoenig non-linear least-squares estimator M = 4.899A4,%916 The approach of
basing M priors on maximum age alone was one that was already being used for West Coast
rockfish assessments. However, in fitting the alternative model forms relating M to A, .,
Then et al. (2015) did not consistently apply their transformation. In particular, in real space,
one would expect substantial heteroscedasticity in both the observation and process error
associated with the observed relationship of M to A, ... Therefore, it would be reasonable to
fit all models under a log transformation. This was not done. Re-evaluating the data used in
Then et al. (2015) by fitting the one-parameter A, .. model under a log-log transformation
(such that the slope is forced to be -1 in the transformed space Hamel (2015)), the point
estimate for M is:

M = 5.4

- Amax
The above is also the median of the prior suggested by Hamel (2015). The prior is defined

as a log-normal distribution with parameters p = In(5.4/A,,.,) and ¢ = 0.438. Using a
maximum age of 95 years, the point estimate and median of the prior for M is 0.057 per year.

The maximum age assumed for calculating natural mortality in the base model was 95
years. The maximum age of 95 years was based on literature values for the U.S. West Coast
examining the longevity of female quillback rockfish (Yamanako and Lacko 2001; Love et
al. 2002; Palsson et al. 2009). Yamanaka and Lacko (2001) found male longevity to be 76
years. Literature estimates were larger than the oldest aged quillback rockfish (73, 70, and
69) among data used in this assessment. These ages were from fish caught off the coast of
Washington in 1999.

2.3.2 Maturation and Fecundity

Maturity-at-length estimates were based on the work of Hannah and Blume (2011) which
estimated the 50% size-at-maturity of 29.2 cm off the coast of Oregon with maturity
asymptoting to 1.0 for larger fish (Figure 8). A length at 50% maturity of 29.2 cm is
consistent with other studies for quillback rockfish, which provide a range of 26-32 cm
(Rosenthal et al. 1982; Echeverria 1987).

The fecundity-at-length was based on research by Dick et al. (2017). The fecundity relationship
for quillback rockfish was estimated equal to 3.93e-07L37 in millions of eggs where L is
length in cm. Fecundity-at-length is shown in Figure 9.



2.3.3 Length-Weight Relationship

The length-weight relationship for quillback rockfish was estimated outside the model using
available coastwide biological data collected from fishery-independent and fishery-dependent
data sources (Figure 10). Sources included the WCGBTS, and recreational and commercial
samples from all states (Table 6). Only directly measured weight and length values were
used; any values with more than two decimal places were assumed to be calculated from
another measurement and were excluded. This occurred for 32 percent of lengths and 20
percent of the weights in the MRFSS-era recreational samples. Weights from Oregon special
projects samples taken from the Oregon recreational and commercial fleets (n = 241) were
not included. The estimated length-weight relationship for quillback rockfish was W =
1.963e-05L392 where L is fork length in cm and W is weight in kg (Figures 11).

2.3.4 Growth (Length-at-Age)

The length-at-age relationship for quillback rockfish was estimated outside the model using
data collected from fishery-dependent sources off the coast of Oregon and Washington collected
between 1998-2019, and from a single coastwide fishery-independent source (WCGBTS)
collected between 2005-2019 (Table 7). Ages from Oregon special projects samples taken
from the Oregon commercial fleet (n = 30) were not included. Age data were generally
sparse for quillback rockfish from any one source (Figure 12). The fishery-dependent data
had limited observations of young fish less than 5 years of age, but had observations of fish
up to 73 years of age. The fishery-independent data had limited observations of old fish
greater than 40 years of age, but had observations of fish as young as one year of age. Growth
parameters for quillback rockfish were estimated at the following values:

L. =43.04 cm; k = 0.199; t0 = -0.067 cm

These values were fixed within the base model. The coefficient of variation (CV) around
young and old fish was fixed at a value of 0.10. The length-at-age curve with the CV around
length-at-age is shown in Figure 13. The estimate of L__ is comparable to literature values,
while the estimate of k is on the higher side of literature values which vary from 0.06 - 0.19
(Yamanako and Lacko 2001; Palsson et al. 2009; West et al. 2014).

Table 8 shows the length-at-age, weight-at-age, maturity-at-age, and spawning output (the
product of fecundity and maturity) assumed in the base model.

3 Assessment Model



3.1 Summary of Previous Assessments

Quillback rockfish was last assessed in 2010 (Dick and MacCall 2010). The stock was assessed
using Depletion-Based Stock Reduction Analysis (DB-SRA) which is a data-limited approach
that incorporates catch data with priors on select parameters including natural mortality,
the ratio of fishing mortality at maximum sustainable yield to natural mortality, current
depletion, and the depletion at maximum sustainable yield to estimate overfishing status,
but not overfished status. Quillback rockfish was assessed as a single coastwide stock to
generate an overall OFL that was then apportioned to each management area based on the
proportion of historical catches North and South of 40° 10’ Lat. N.. Assuming that current
depletion was at the management target on average (e.g. 40%), the 2010 assessment found
that quillback rockfish had a 52% chance of experiencing overfishing coastwide.

3.1.1 Bridging Analysis

A direct bridging analysis was not conducted because the previous assessment was structured
as a single coastwide model. The previous assessment also used DB-SRA, which uses different
assumptions and data than the model used for this assessment, making a direct bridging
analysis intractable.

3.2 Selection of Method

Quillback rockfish was assessed using a catch and length-based (SS-CL) data moderate method,
as allowed within the Terms of Reference. Fishery-independent indices had inadequate sample
sizes, as described in Section 2.2 above, so index-based methods were not selected.

3.3 Model Structure and Assumptions

Washington quillback rockfish was assessed using a one-sex model with life history parameters
combined across sexes. The model assumed two fleets: 1) commercial and 2) recreational
fleets with removals beginning in 1958. Selectivity for the commercial and recreational
fleets was specified to be asymptotic using a six-parameter double normal parameterization.
The ascending width and beginning size of maximum selectivity parameters were estimated.
Annual recruitment deviations were not estimated within the base model.

3.3.1 Modeling Platform and Structure

Stock Synthesis (SS) version 3.30.16 was used to estimate the parameters in the model
(Methot and Wetzel 2013). The R package rdss, version 1.41.0 (Taylor et al. 2021), along



with R version 4.0.2 (R Core Team 2020) were used to investigate and plot model fits. The
NWFSC developed R packages nwfscSurvey_ 2.0 and PacFIN.Utilities_ 0.0.2.0000 were used
for synthesis and processing of data for use in Stock Synthesis.

3.3.2 Priors

Fixed parameter values for natural mortality and steepness, based on prior distributions,
were used in the base model. The prior distribution for natural mortality was based on
the Hamel (2015) meta-analytic approach with an assumed maximum age of 95 years. The
prior assumed a log-normal distribution for natural mortality with a median of 0.057 and a
standard deviation of 0.438.

The prior for steepness assumed a beta distribution with mean of 0.72 and standard deviation
of 0.158. The prior parameters are based on the Thorson-Dorn rockfish prior (commonly
used in past West Coast rockfish assessments) conducted by James Thorson (personal
communication, NWFSC, NOAA) which was reviewed and endorsed by the Scientific and
Statistical Committee (SSC) in 2017. However, this approach was subsequently rejected for
future analysis in 2019 when the new meta-analysis resulted in a mean value of approximately
0.95. In the absence of a new method for generating a prior for steepness the default approach
reverts to the previously endorsed method, the 2017 value.

3.3.3 Data Weighting

Length composition data for the commercial fishery started with a sample size determined
from the equation listed in Section 2.1.1 (Table 3). The input sample size for the recreational
fishery length composition data was set equal to the number of length samples by year (Table
5).

The base model was weighted using the Francis method, which was based on equation TA1.8
in Francis (2011). The weightings applied using the Francis method are provided in Table
9. This formulation looks at the mean length or age by year and the standard error of the
mean to determine if, across years, the variability is adequately explained by the model. If
the standard error of the mean does not encompass the model predictions, then that data
source should be down-weighted. This method accounts for correlation in the data (i.e., the
multinomial distribution). Sensitivities were performed examining the difference in weighting
using McAllister-Ianelli Harmonic Mean Weighting (McAllister and Ianelli 1997) and the
Dirichlet Multinomial Weighting (Thorson et al. 2017).
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3.3.4 Estimated and Fixed Parameters

There were 5 estimated parameters in the base model. These included one parameter for R,
and 4 parameters for selectivity (Table 10).

Fixed parameters in the model were as follows. Steepness was fixed at 0.72, and natural
mortality was fixed at 0.057, as described above in Section 3.3.2. Growth, maturity-at-
length, and length-at-weight were fixed as described above in Section 2.3. Recruitment was
deterministic, following the value of recruitment from the spawner-recruitment function.
Likelihood profiles were performed for steepness, natural mortality, length at maximum size,
vonBertalanffy growth coefficient, and the CV at maximum length.

Selectivity in the recreational and commercial fleets was specified to be asymptotic with only
ascending width and beginning size of maximum selectivity being estimated. During initial
model development, the descending width and width of maximum selectivity parameters for
the recreational and commercial fleets were estimated to identify appropriate fixed values
consistent with the data, and then fixed at those estimates. Dome-shaped selectivity was
explored for all fleets within the model as sensitivities (see Sensitivity Analyses section).
Older quillback rockfish are often found in deeper waters and may move into areas that limit
their availability to fishing gear. Dome shaped selectivity can also occur under heterogeneous
fishing pressure across space by fleets (Waterhouse et al. 2014).

3.4 Model Selection and Evaluation

The base assessment model for quillback rockfish was developed to balance parsimony
and realism, with the goal of estimating a spawning output trajectory for the population
of quillback rockfish off Washington. The model contains many assumptions to achieve
parsimony and uses many different sources of data to estimate reality. A series of investigative
model runs were done to achieve the final base model.

3.5 Base Model Results

The base model parameter estimates along with approximate asymptotic standard errors
are shown in Table 10 and the likelihood components are shown in Table 11. Estimates of
derived reference points and approximate 95 percent asymptotic confidence intervals are
shown in Table 12. Estimates of stock size and status over time are shown in Table 13.
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3.5.1 Parameter Estimates

Estimated parameter values are provided in Table 10. The In(R,) was estimated at 2.004.
The selectivity curves for the commercial and recreational fleet are shown in Figure 14.
Selectivity was fixed to be asymptotic with a peak in maximum selectivity for the commercial
fleet starting at 44.5 cm and a peak in maximum selectivity for the recreational fleet starting
at 44.1. Sensitivities to the selectivity shape and potential exclusion of sparse years of
length data for both the commercial and recreational fleets were explored (see below in the
Sensitivity Analyses section).

3.5.2 Fits to the Data

Fits to the length data are shown based on the Pearson residuals-at-length, the annual mean
lengths, and aggregated length composition data for the commercial and recreational fleets.
Fits to the length composition data by year are provided in Appendix A.

The Pearson residuals for the commercial fishery are generally uninformative given the
sparseness of the commercial length data (Figure 15). Input sample size was largest in 2006,
and then in 2014 and 2019, and the model fit length data in these years relatively well (see
Appendix A for details). The mean lengths observed by the commercial fishery are highly
variable by year however mean length in the most well sampled years (2006, 2014, and 2019)
are well fit (Figure 16). A sensitivity fixing the selectivity of the commercial fleet to mirror
that of the recreational selectivity was performed and presented in the Sensitivity Analyses
section below.

The Pearson residuals for the recreational fishery show a pattern of greater observations that
start around 1995 and appear to move through the length data by year, possibly indicating
a strong or multiple strong recruitments entering the population (Figure 17). The base
model was not allowed to estimate annual recruitment deviations due to data informing
recruitment deviations being generally uninformative. The assessment of quillback rockfish
off the Oregon coast, which did include annual recruitment deviations, estimated strong
recruitments in 1993 and 1995 indicating that oceanographic forces that drive recruitment
success or failure may be shared across Oregon and Washington. However, the length data
for Washington suggest little recruitment over the last two decades, contrary to the quillback
rockfish assessment off the Oregon coast. The mean lengths across years starting in 1995
show increasing size in the population ranging roughly between 33 to 40 cm by year that the
model overfits in the early years and underfits in recent years (Figure 18).

Aggregate fits by fleet are shown in Figure 19. There are a few things that stand out when
examining the aggregated length composition data. First, the estimated fits to the data
match the general shape of the aggregated lengths as well as the observed ranges of lengths.
Both fleets show a similar aggregated peak around 40 cm, yet the recreational fleet shows
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proportionally more smaller fish than the commercial fleet. Second, the model expects a
higher proportion of the largest fish relative to the data. This may indicate that the true
selectivity of the recreational fleet may have some level of reduced selectivity for the largest
fish (dome-shaped). Sensitivities examining dome-shaped selectivity and estimating annual
recruitment deviations were performed and presented in the Sensitivity Analyses section
below.

3.5.3 Population Trajectory

The predicted spawning output (in millions of eggs) is given in Table 13 and plotted in
Figure 20. The estimates of spawning output across time are uncertain with the base model
estimating a spawning output of 6.64 in 2021 with a 95 percent asymptotic confidence interval
ranging from -1.6 - 14.88 millions of eggs. The predicted spawning output from the base
model generally showed a steady decline over the early part of the time series with the
spawning output stabilizing around 2010 and increasing in recent years. The total biomass
shows a similar slow decline and then recent increase across the modeled years (Figure 21).

The 2021 spawning output relative to unfished equilibrium spawning output is just under
the target of 40 percent of unfished spawning output (0.39, Figure 22). Approximate 95%
confidence interval based on the asymptotic variance estimates show that the uncertainty in
the estimated spawning output is large ranging between approximately 10 - 70 percent of
unfished equilibrium spawning output.

The stock-recruit curve resulting from a value of steepness fixed at 0.72 is shown in Figure
23. The estimated annual recruitment is shown in Figure 24.

3.6 Model Diagnostics

3.6.1 Convergence

Proper convergence was determined by starting the minimization process from dispersed
values of the maximum likelihood estimates and adjusting phases of the estimated parameters
to determine if the model found a better minimum. Starting parameters were jittered by 10
percent. This was repeated 100 times with 19 out of 100 runs returning to the base model
negative log-likelihood. A lower negative log-likelihood model fit was not found and all runs
converged. Alternative phasing was done over three models by setting phases of all parameters
other than R, to 2, setting selectivity parameters for the recreational fleet to phase 4, and
setting selectivity parameters for the commercial fleet to phase 4. No model with lower
negative log-likelihood was found through alternative phasing. Through the jittering done as
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explained, likelihood profiles (described below), and alternative phasing, we are confident
that the base model as presented represents the best fit to the data given the assumptions
made. There were no difficulties in inverting the Hessian to obtain estimates of variability
throughout initial model attempts and all explorations resulted in a positive-definite Hessian.

3.6.2 Likelihood Profiles

Likelihood profiles were conducted for Ry, steepness, natural mortality, L., growth coefficient
(k), CV at maximum length, and the peak in selectivity for the recreational fleet separately.
These likelihood profiles were conducted by fixing the parameter at specific values and
estimating the remaining parameters based on the fixed parameter value. Two additional
profiles on steepness and CV at maximum length were done while fixing the recreational
selectivity parameters.

In regards to values of In(R,)), values from approximately 1.8 to 4.0 were supported with
the negative log-likelihood minimized at the value from the base model of 2.004 (Figure 25).
This suggests the data contain information about the minimum scale of the population, but
limited information on how large the population could be. Increasing In(R,) relative to the
base model resulted in an increase in stock scale (Figure 26) and status (Figure 27).

Similar to results for R, the profile on steepness suggests the data have limited information
on the value of steepness. Values of steepness between 0.3-1.0 were supported based on
change in negative log-likelihood, with the lowest negative log-likelihood occurring near a
value of 1.0, which is greater than the value of steepness in the base model of 0.72 (Figure 28).
Assuming lower steepness values resulted in higher estimates of unfished and recent spawning
output, particularly for the lowest steepness values (0.3 and 0.4; Figure 29), and similar levels
of depletion relative to unfished conditions, with the exception of the lower values (0.3 and
0.4; Figure 30). We explored the reason for different dynamics at low steepness values. As
opposed to having convergence issues, we found the models converged on estimates of peak
selectivity for the recreational fleet near 33 cm and estimates of In(R,,) near 3.0, which are
greatly different than the base model estimates. The steepness profile therefore highlights the
high uncertainty in the base model around peak selectivity and In(R,)) estimates. We further
explored the effect of selectivity on the profile for steepness by profiling across steepness values
while fixing recreational selectivity to base model estimates. Fixing commercial selectivity
had no effect. The resulting profile suggests the likelihood surface is flat across steepness
values and the negative log-likelihood is minimized near steepness values of 1.0 (Figure 31).
Low steepness values resulted in higher unfished spawning output (Figure 32), and without
the effect of changes in selectivity greater depletion compared to the base model (Figure 33).

Given that estimates of peak selectivity are uncertain in the base model, and selectivity
estimates can influence parameter estimates, as was shown for steepness, we profiled across
values of peak selectivity for the recreational fleet (Figure 34). The profile on peak selectivity
supported all estimates of peak selectivity but the minimum of the negative log-likelihood
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was found at the base model estimate of 44.07. Lower estimates of peak selectivity resulted
in greater estimates of unfished and recent spawning output (Figure 35) as well as higher
estimates of stock status (Figure 36).

The negative log-likelihood profile across natural mortality supported the largest value in the
profile. The estimated stock trajectories assuming lower or higher natural mortality values
affected the estimated unfished spawning output (Figures 38), and resulted in stock statuses
near to or above the management target (Figures 39). Low values of M resulted in similar
results to low values of steepness, with estimates of peak selectivity near 32 cm, however
estimates of In(R;) were nearer the estimate from the base model. For values of M above
0.1, the estimate for peak selectivity of the recreational fleet was reaching its bound.

A profile across a range of L, values was also conducted and values from approximately 40
to 44 cm were supported with a minimum negative log-likelihood around 41 cm (Figure 40).
The value of L, in the model was fixed at 43.04. The stock scale and status is variable across
alternative L values where assuming lower values resulted in large increases in unfished
and recent spawning output (Figure 41) and stock status (Figure 42).

The negative log-likelihood profile across values of k supported all values within the profile
but was minimized at lower values of k (Figure 43). The value of k in the base model was
fixed at 0.199. Lowering the value of k resulted in higher estimates of unfished and recent
spawning output (Figure 44) and stock status (Figure 45).

Values between 0.06 and 0.09 for the CV at maximum length were supported by the negative
log-likelihood profile, with a minimum at 0.07 (Figure 46). For values of CV at maximum
length less than the value assumed in the base model of 0.1, spawning output (Figure 47)
and stock status (Figure 48) differed greatly from for the base model. As was the case for
low values of steepness, this occurred because the models converged on estimates of peak
selectivity for the recreational fleet near 33 cm and estimates of In(R,) near 3.5. Therefore,
as was done for steepness, we also profiled across CV at maximum length while fixing
recreational selectivity to base model estimates. The resulting profile was minimized at a
value of 0.08, and supported values between 0.07-0.1 (Figure 49). Lower values for CV at
maximum length resulted in higher stock scale (Figure 50) and stock status (Figure 51)
compared to the base model.

3.6.3 Retrospective Analysis

A five-year retrospective analysis was conducted by running the model using data up to 2015,
2016, 2017, 2018, and 2019. The estimated spawning output was consistent with the base
model when the last three years of data were removed (Figures 52 and 53). Removing 4 and
5 years of data resulted in a downward shift in stock scale and status.

15



3.6.4 Sensitivity Analyses

A number of sensitivity analyses were conducted. Sensitivities were generally conducted as a
single exploration from the base model assumptions and/or data, and were not performed in
a cumulative fashion. Exceptions include reweighting the length composition data when esti-
mating recruitment deviations, and including annual recruitment deviations when estimating
dome-shaped selectivity for the recreational fleet.

1. Estimate annual recruitment deviations.
2. Estimate annual recruitment deviations and update the data weighting values.

3. Data weighting according to the McAllister-Ianelli method (MI DW) using the weighting
values shown in Table 9.

4. Data weighting according to the Dirichlet Multinomial method (DM DW) where the
estimated parameters are shown in Table 9.

Estimate L.
Estimate the coefficient of variation in length of older fishes.
Estimate natural mortality (M).

Exclude composition data prior to 1995 for the recreational fleet.

© ® 3N o o«

Set the selectivity of the commercial fleet to mirror that of the recreational fleet.

10. Allow recreational selectivity form to be dome-shaped while also estimating annual
recruitment deviations.

11. Allow commercial selectivity form to be dome-shaped.
12. Estimate a recreational selectivity block from 1958-1999, and 2000-2020.

13. Include model found during alternate phasing explorations. This model had very
similar (but poorer) negative log-likelihood value to that of base model but different
stock scale.

Sensitivity runs estimating k£ and estimating a dome-shaped selectivity form for the recre-
ational fishery were also conducted but resulted in the model failing to estimate a reasonable
biomass scale (near the upper bound of In(R,) of 20).

Likelihood values and estimates of key parameters from each sensitivity are available in
Table 14. Plots of the estimated time-series of spawning output and relative spawning output
are shown in Figures 54 and 56. There was high uncertainty in estimates of R, for the
sensitivities estimating L., and the coefficient of variation in length of older fishes and
therefore plots were made without these two sensitivities and are shown in Figures 55 and 57.
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The three sensitivities that had the largest impact relative to the base model were the
ones that estimated L, the coefficient of variation in length of older fishes, and the model
observed while exploring alternative phases (Figures 54 and 56). These sensitivities estimated
In(R,) between 50 and 75 percent larger than the base model despite estimating a change
in L, of 2 cm (from 43.04), change in the coefficient of variation in length of older fishes
to around 7 percent (from 10 percent), and changing the phase for estimating commercial
selectivity to be after the phase for estimating recreational selectivity. The alternative phasing
model was also observed for the vast majority of the jitter runs that did not obtained the
minimum negative log-likelihood, which was 0.2 units larger than the base model negative
log-likelihood.

The next two sensitivities that had the largest impact on stock scale relative to the base model
were the sensitivities exploring data weighting using the DM Method and the sensitivity
estimating natural mortality. Using the DM method for data weighting resulted in a larger
estimate of unfished and recent spawning output than the base model, and estimating natural
mortality resulted in a smaller estimate of unfished and recent spawning output than the base
model (Figures 55 and 57). Both sensitivities resulted in higher stock status than the base
model. Estimating natural mortality resulted in a tradeoff with selectivity. When allowing
flexibility in M, the model estimated a higher value than the base model, resulting in higher
estimates for the peak size in selectivity for both fleets. The estimate of M is therefore
limited by the bounds for the parameter estimates for peak selectivity.

The sensitivity estimating annual recruitment deviations resulted in a lower biomass scale,
and level of depletion such that spawning output in 2021 was below the threshold of 25 percent
of unfished spawning output (Figures 55 and 57). This applied whether data weighting values
were updated or not. The estimates or recruitment deviations had a period of above-average
recruitment from 1987 to 2003, then switched to a period of below-average recruitment
(Figure 58). The recruitment deviation estimates were likely being driven by smaller lengths
observed in the recreational fleet in the mid 1990s, as well as a lack of smaller fish being caught
since 2000 (Figure 7). Furthermore, the variability of the recruitment deviations prior to
2004 were higher than the assumed variability in recruitment (0.6), suggesting the increased
recruitments were not well informed by the data. When adding recruitment deviations and
updating data weighting values, individual years of positive recruitment deviations were more
apparent, particularly for 1990, 1994, and 2000, and had uncertainty less than that of sigmaR.
Lastly, estimating recruitment resulted in higher estimates of peak selectivity for both the
recreational and commercial, well above the average maximum size in the population. The
general pattern of recruitment deviations estimated seemed extreme for the Washington
model, but showed some coherence with the recruitment deviations estimated in the separate
Oregon model. The Oregon base model estimated above average recruitment in the late 1990s
which led to an increase in spawning output during the 2000s. This may potentially suggest
that quillback rockfish off the coast of Oregon and Washington experience similar drivers
in recruitment, however, the Oregon model estimated periods of higher recruitment since
2000 to fit pulses of small fish in the length data and support increasing catches over time,
whereas the Washington base model estimates lower than average recruitment throughout
that time period.
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3.6.5 Length-Based Estimate of Depletion

An exploratory length-based analysis was done using a Stock Synthesis Length-Only model
(SS-LO; Cope (2013)) to produce an independent estimate of selectivity and depletion based
on observed recreational lengths from 1995-2020. SS-LO is a length only version of Stock
Synthesis, meaning the removal history is removed, but the same life history values and length
compositions are used. The underlying assumption is that the population has gone through
an aggregate constant catch and constant recruitment period in order to get an estimate of
the current stock status. Length compositions are fit by estimating parameters In(R,) (a
nuisance parameter because it does not matter the value, but allows for best fits to the length
compositions) and the selectivity by fleet. All other model specifications (e.g. sex-specific life
history) match the reference model. This analysis indicated that quillback rockfish were 50
percent selected near 35 cm with full selection at 45 cm. The estimate of depletion for 2021
was 0.57. This type of analysis can provide insight on the fishing effort based on life history
and observed length data in the absence of an integrated assessment model. The estimate
of the depletion was used to provide an external estimate of stock status for use within a
Simple Stock Synthesis run as described below.

3.6.6 Simple stock synthesis

A Simple Stock Synthesis (SSS) was run to compare the results from the base model
with a simpler modeling approach. SSS samples via Monte Carlo from five key parameter
distributions: natural mortality, steepness, length at maximum size, the von Bertalanffy
growth coefficient, and stock status in a specific year. The parameterization of the priors
assumed in the base model were used to create sampling distributions for natural mortality,
steepness, length at maximum size, and the growth coefficient. Selectivity was assumed to be
as estimated from SS-LO. Two alternative assumptions regarding the distribution of current
stock status were explored, one from the base model and the other from SS-LO. SSS applies
parameter draws from each of the five parameters within the model and then estimates an
R, value based on the fixed removals and drawn parameters.

1. Current stock status based on the estimate from the base model (SS-CL):

e Number of draws = 1000,

e M = log-normal distribution (z = 0.057, o = 0.20),

e h = truncated beta (o = 0.72, 8 = 0.15, a = 0.20, b = 1.0),
e L, = normal distribution (u = 43.04, o = 4.3),

o k = normal distribution (¢ = 0.199, ¢ = 0.02), and

o Fraction unfished in 2021 = beta(a = 0.40, 5 = 0.20)

2. Current stock status based on estimate from the length-only model (SS-LO):
e Number of draws = 1000,
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o M = log-normal distribution (1 = 0.057, o = 0.20),

o h = truncated beta (a = 0.72, 8 = 0.15, a = 0.20, b = 1.0),
e L., = normal distribution (u = 43.04, o = 4.3),

e k = normal distribution (x = 0.199, 0 = 0.02), and
 Fraction unfished in 2021 = beta(a = 0.57, 5 = 0.20)

The median of unfished spawning output, spawning output in 2021, fraction unfished in 2021,
the OFL in 2023, and the Acceptable Biological Catch (ABC) in 2023 based on the 2021
fraction unfished of 57 percent is shown in Table 15. The prior distribution for parameters
and the derived quantities with 95 percent uncertainty are shown in Figures 59 and 60.
Assuming that the stock was less depleted relative to the base model resulted in higher
estimates of the OFL and ABC in 2023.

The median of unfished spawning output, spawning output in 2021, fraction unfished in 2021,
the OFL in 2023, and the ABC in 2023 based on the 2021 fraction unfished of 40 percent is
shown in Table 16. The prior distribution for parameters and the derived quantities with 95
percent uncertainty are shown in Figures 61 and 62. Assuming that the stock was similarly
depleted relative to the base model resulted in a slightly lower estimate of the OFL in 2023,
and lower estimate of the ABC due to the application of the buffer applied in the SSS model
as opposed to the constant catch appied in the base model. This confirms SSS results in
similar estimates to the base model under comparable assumptions about depletion.

3.6.7 Unresolved Problems and Major Uncertainties

The primary uncertainty for the Washington quillback rockfish model is in the scale of the
population. The trajectory of the population is generally consistent across profiles and
sensitivities however the scale of the population is poorly informed by data. This is evident
in the relatively wide uncertainty in the estimate of In(R,), as well as uncertainty in the
estimate of the peak of the selectivity curve, leading to uncertainty around spawning biomass
and around stock status. Estimating growth parameters, notably L_, and the coefficient of
variation in length of older fish affected the population scale greatly. Estimating recruitment
deviations reduced the scale of the population, and also resulted in spawning output relative
to unfished equilibrium spawning output falling below the threshold value. Profiles across the
fixed parameters in the base model show support for wide range of values based on similar
values of negative log-likelihood and also result in large changes in stock size and status. In
particular, profiling across steepness, as well as across natural mortality values revealed that
assuming low values for these parameters shifted the peak of selectivity to lower sizes and
higher estimates of equilibrium recruitment, resulting in high spawning biomass and less
depletion. These conditions were also found during jittering and when applying alternative
phases, but those models were not the best fit to the data.

An additional uncertainty is whether the perceived lack of small fish in the recreational
fishery is due to recruitment, sampling issues, or steady and ongoing changes in the fishery.
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An increase in smaller fish in 2020 may indicate a recruitment event, or perhaps changes in
sampling practices, however more years of data would be needed to confirm this. Quillback
rockfish are not targeted by the commercial and recreational fleets and so discarding of small
fish may occur. Lengths in the rod and reel survey provided by WDFW were all from fish
smaller than the peak in selectivity, but did not represent fish specifically discarded. Without
knowledge of discarded lengths, we assumed no difference in length between discards and
retained fish, and may be missing the catch and discards of smaller fish within the length
compositions.

4 Management

4.1 Reference Points

Reference points were calculated using the estimated selectivity and catch distributions
among fleets in the most recent year of the model (2020, Table 12). Sustainable total yields
were 2.86 mt when using an SP Ryyy reference harvest rate. The spawning output equivalent
to 40 percent of the unfished spawning output (SBygy) was 7.67 millions of eggs.

The 2021 spawning output relative to unfished equilibrium spawning output is below the
target of 40 percent but above the threshold of 25 percent of unfished spawning output in
2020 (39 percent, Figure 22). The fishing intensity, 1 — SPR, was above the harvest rate
limit (SPRsgy) from 1987 - 2012, and has been both above and below the harvest rate limit
in recent years (Table 13 and Figure 63). Figure 64 shows the phase plot of relative spawning
output and fishing intensity. Table 12 shows the full suite of estimated reference points for
the base model and Figure 65 shows the equilibrium yield curve based on a steepness value
fixed at 0.72.

4.2 Harvest Projections and Decision Tables

The SSC recommended that the Washington quillback rockfish stock assessment be categorized
as a category 3 assessment, and consequently recommended a constant catch OFL (2.86 mt)
equal to the yield at SPRyyy (Table 12). The buffer (0.778) to obtain an ABC was based
on the category 3 sigma with P* = 0.45, resulting in a constant catch ABC of 2.22 mt. Due
to the recommendation for this assessment to be categorized as a category 3 assessment,
projection and decision tables are not presented.
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4.3 Evaluation of Scientific Uncertainty

The estimated uncertainty in the base model around the 2021 spawning output is o = 0.58
and the uncertainty in the base model around the 2021 OFL is 0 = 0.56. The estimated
model uncertainty was less than the category 2 groundfish data moderate assessment default
value of o = 1.0.

5 Research and Data Needs

The ability to estimate additional process and biological parameters for quillback rockfish
was limited by data. Collecting the following data would be beneficial to future assessments
of the stock:

o Continue collecting length and otolith samples from recreational catches and collect
length samples from recreational discards. This would ensured collected samples are
not missing small fish if they are caught and retained and not missing small fish if
they are caught and discarded. Lengths of discarded fish would allow estimating a
separate discard fleet within the model.

o Continue to collect length data for the commercial fleet if catches occur.

e Recruitment patterns showed lower than average recruitment in the 2000s. Additional
data to support such patterns in recruitment would provide additional support for
model estimates.
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8 Tables

Table 1: Catches (mt) by fleet for all years and total catches (mt) summed by year.

Year WA WA Total Catch
Recreational ~ Commercial
1958 0.08 0.00 0.08
1959 0.26 0.00 0.26
1960 0.44 0.00 0.44
1961 0.61 0.00 0.61
1962 0.79 0.00 0.79
1963 0.96 0.00 0.96
1964 1.14 0.00 1.14
1965 1.31 0.00 1.31
1966 1.49 0.00 1.49
1967 1.67 0.00 1.67
1968 1.84 0.00 1.84
1969 2.01 0.00 2.01
1970 2.19 0.00 2.19
1971 2.36 0.00 2.36
1972 2.53 0.00 2.53
1973 2.70 2.39 5.09
1974 2.87 0.00 2.87
1975 3.04 0.00 3.04
1976 1.40 0.00 1.40
1977 1.59 0.00 1.59
1978 1.66 0.00 1.66
1979 1.98 0.00 1.98
1980 1.56 0.00 1.56
1981 2.08 0.00 2.08
1982 1.94 0.00 1.94
1983 2.37 0.00 2.37
1984 4.83 0.00 4.83
1985 2.63 0.32 2.96
1986 3.68 0.73 4.41
1987 4.97 0.89 5.86
1988 4.09 0.46 4.54
1989 7.86 1.75 9.61
1990 8.24 1.51 9.75
1991 5.30 0.00 5.30
1992 5.15 0.00 5.15
1993 6.45 0.07 6.52
1994 4.75 0.01 4.76
1995 4.47 0.00 4.47
1996 4.80 0.02 4.81
1997 4.34 0.00 4.34
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Table 1: Catches (mt) by fleet for all years and total catches (mt) summed by year.
(continued)

Year WA WA Total Catch
Recreational ~ Commercial
1998 4.85 0.46 5.31
1999 4.68 0.98 5.66
2000 4.46 1.47 5.93
2001 3.98 0.00 3.98
2002 3.34 0.21 3.55
2003 2.68 0.04 2.73
2004 4.01 0.07 4.08
2005 7.10 0.12 7.22
2006 4.15 0.55 4.70
2007 4.07 0.15 4.22
2008 3.75 0.00 3.75
2009 3.53 0.00 3.53
2010 2.26 0.00 2.26
2011 2.29 0.00 2.29
2012 2.71 0.00 2.71
2013 1.81 0.00 1.81
2014 1.94 0.03 1.98
2015 1.44 0.00 1.44
2016 1.91 0.00 1.91
2017 1.72 0.05 1.77
2018 2.48 0.00 2.48
2019 3.80 0.06 3.86
2020 1.96 0.12 2.08
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Table 2: The OFL and ACL for quillback rockfish within the Minor Nearshore Rockfish
North complex, the ACL allocated to Washington, and the total removals in weight.

Year OFL ACL WA ACL WA Removals
2011  8.70 7.26 0.94 2.29
2012 8.70 7.26 0.94 2.71
2013 7.37 6.15 0.79 1.81
2014 7.37 6.15 0.79 1.98
2015 7.37 6.15 0.79 1.44
2016 7.37 6.15 0.79 1.91
2017 7.37 6.15 0.79 1.77
2018 7.37 6.15 0.79 2.48
2019 7.37 6.15 0.79 3.86
2020 7.37 6.15 0.79 2.08
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Table 3: Summary of the commercial length samples by number of trips and lengths by sex
per year.

Year N Trips N Fish Female N Fish Male N Fish
Unsexed

1980
1996
2000
2002
2003
2004
2005
2006
2014
2017
2018
2019
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Table 4: Input numbers of fish removals for the recreational fleet converted to metric tons
(mt) within the model.

Year  Numbers of Metric Tons

Fish
1958 54 0.08
1959 168 0.26
1960 283 0.44
1961 398 0.61
1962 513 0.79
1963 628 0.96
1964 742 1.14
1965 857 1.31
1966 972 1.49
1967 1088 1.67
1968 1201 1.84
1969 1316 2.01
1970 1431 2.19
1971 1546 2.36
1972 1660 2.53
1973 1775 2.70
1974 1890 2.87
1975 2006 3.04
1976 930 1.40
1977 1054 1.59
1978 1103 1.66
1979 1317 1.98
1980 1034 1.56
1981 1385 2.08
1982 1290 1.94
1983 1577 2.37
1984 3225 4.83
1985 1762 2.63
1986 2467 3.68
1987 3340 4.97
1988 2757 4.09
1989 5331 7.86
1990 5629 8.24
1991 3653 5.30
1992 3568 5.15
1993 4499 6.45
1994 3334 4.75
1995 3153 4.47
1996 3403 4.80
1997 3092 4.34
1998 3473 4.85
1999 3372 4.68
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Table 4: Input numbers of fish removals for the recreational fleet converted to metric tons
(mt) within the model. (continued)

Year  Numbers of Metric Tons

Fish
2000 3229 4.46
2001 2900 3.98
2002 2441 3.34
2003 1966 2.68
2004 2944 4.01
2005 5229 7.10
2006 3074 4.15
2007 3028 4.07
2008 2799 3.75
2009 2643 3.53
2010 1696 2.26
2011 1710 2.29
2012 2025 2.71
2013 1348 1.81
2014 1443 1.94
2015 1063 1.44
2016 1405 1.91
2017 1265 1.72
2018 1816 2.48
2019 2773 3.80
2020 1429 1.96
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Table 5: Summary of the recreational length samples used in the stock assessment.

Year All Fish Sexed Fish Unsexed
Fish
1981 2 0 2
1982 4 0 4
1983 4 0 4
1987 4 0 4
1995 154 0 154
1996 120 0 120
1997 54 0 54
1998 116 50 66
1999 192 166 26
2000 26 26 0
2001 16 16 0
2002 264 235 29
2003 290 257 33
2004 322 284 38
2005 411 335 76
2006 326 233 93
2007 266 218 48
2008 176 129 47
2009 160 131 29
2010 73 70 3
2011 108 63 45
2012 84 53 31
2013 137 70 67
2014 316 234 82
2015 243 206 37
2016 338 324 14
2017 320 222 98
2018 288 198 90
2019 428 257 171
2020 160 159 1
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Table 6: Summary of the number of samples by year from the NWFSC WCGBTS, and the
commercial (com) and recreational (rec) fisheries by state used to estimate weight-at-length
parameters.

CA CA Rec OR OR OR Rec WA WA WA
NWFSC Com NWFSC Com NWEFESC Rec
WCG- WCG- WCG-
BTS BTS BTS
1993 0 50 0 0 47 0 0 0
1994 0 28 0 0 43 0 0 0
1995 0 17 0 0 16 0 0 0
1996 0 37 0 0 13 0 0 0
1997 0 9 0 0 49 0 0 0
1998 0 7 0 0 115 0 0 0
1999 0 21 0 0 152 0 0 0
2000 0 38 20 0 59 0 0 0
2001 0 11 8 0 372 0 0 0
2002 0 4 45 0 811 0 0 18
2003 0 14 17 0 882 0 0 16
2004 0 21 65 0 498 0 0 26
2005 0 82 20 0 930 0 2 67
2006 0 118 73 2 1033 0 1 73
2007 15 203 127 1 1074 0 0 41
2008 0 163 56 22 1115 0 0 21
2009 0 119 59 3 824 0 0 10
2010 0 49 63 1 918 0 1 0
2011 0 70 191 6 1044 0 0 0
2012 0 173 129 0 1238 0 26 0
2013 0 167 211 1 752 0 0 0
2014 4 61 157 4 484 0 17 65
2015 0 113 102 5 10 0 3 14
2016 0 148 72 8 0 0 1 33
2017 2 385 214 5 724 0 9 10
2018 0 367 199 16 1341 8 5 25
2019 0 364 351 11 1206 1 5 61
2020 0 0 216 0 39 0 0 0
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Table 7: Summary of the number of samples by year from the NWFSC WCGBTS, and
the commercial (com) and recreational (rec) fisheries by state used to estimate length-at-age
parameters.

CA OR Com OR OR Rec WA WA WA Rec
NWEFSC NWEFSC Com NWEFSC
WCG- WCG- WCG-
BTS BTS BTS
1998 0 0 0 0 0 0 50
1999 0 0 0 0 0 0 162
2000 0 0 0 0 0 0 26
2002 0 2 0 0 0 0 0
2003 0 9 0 0 0 0 0
2004 0 63 0 0 0 0 0
2005 0 1 0 91 0 2 0
2006 0 63 2 336 0 1 0
2007 15 0 1 0 0 0 0
2008 0 0 22 356 0 0 0
2009 0 0 3 0 0 0 0
2010 0 0 1 0 0 1 0
2011 0 0 6 0 0 0 0
2012 0 0 0 0 0 26 0
2013 0 0 1 0 0 0 0
2014 4 0 3 0 0 17 0
2015 0 0 5 0 0 3 0
2016 0 0 8 0 0 1 0
2017 2 0 5 0 9 9 0
2018 0 0 16 0 4 5 0
2019 0 0 11 0 19 5 0
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Table 8: Age, length, weight, maturity, and spawning output by age (product of maturity
and fecundity) at the start of the year. Output for ages 51-95 is truncated as these ages have
the same length, weight, maturity, and spawning output as at age 50.

Age Length (cm) Weight (kg) Maturity Spawning
Output
0 4.00 0.00 0.00 0.00
1 8.23 0.01 0.00 0.00
2 14.51 0.06 0.00 0.00
3 19.66 0.16 0.00 0.00
4 23.88 0.29 0.05 0.00
5 27.34 0.44 0.30 0.03
6 30.17 0.59 0.60 0.09
7 32.49 0.73 0.79 0.14
8 34.40 0.87 0.89 0.19
9 35.96 1.00 0.94 0.23
10 37.23 1.11 0.97 0.27
11 38.28 1.20 0.98 0.30
12 39.14 1.29 0.98 0.32
13 39.84 1.36 0.99 0.35
14 40.42 1.42 1.00 0.37
15 40.89 1.47 1.00 0.38
16 41.28 1.51 1.00 0.40
17 41.60 1.55 1.00 0.41
18 41.86 1.58 1.00 0.42
19 42.07 1.60 1.00 0.42
20 42.25 1.62 1.00 0.43
21 42.39 1.64 1.00 0.44
22 42.51 1.65 1.00 0.44
23 42.60 1.66 1.00 0.44
24 42.68 1.67 1.00 0.45
25 42.75 1.68 1.00 0.45
26 42.80 1.68 1.00 0.45
27 42.84 1.69 1.00 0.45
28 42.88 1.69 1.00 0.46
29 42.91 1.70 1.00 0.46
30 42.93 1.70 1.00 0.46
31 42.95 1.70 1.00 0.46
32 42.97 1.70 1.00 0.46
33 42.98 1.71 1.00 0.46
34 42.99 1.71 1.00 0.46
35 43.00 1.71 1.00 0.46
36 43.01 1.71 1.00 0.46
37 43.01 1.71 1.00 0.46
38 43.02 1.71 1.00 0.46
39 43.02 1.71 1.00 0.46
40 43.03 1.71 1.00 0.46
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Table 8: Age, length, weight, maturity, and spawning output by age (product of maturity
and fecundity) at the start of the year. Output for ages 51-95 is truncated as these ages have
the same length, weight, maturity, and spawning output as at age 50. (continued)

Age Length (cm) Weight (kg) Maturity Spawning
Output
41 43.03 1.71 1.00 0.46
42 43.03 1.71 1.00 0.46
43 43.03 1.71 1.00 0.46
44 43.03 1.71 1.00 0.46
45 43.03 1.71 1.00 0.46
46 43.04 1.71 1.00 0.46
47 43.04 1.71 1.00 0.46
48 43.04 1.71 1.00 0.46
49 43.04 1.71 1.00 0.46
50 43.04 1.71 1.00 0.46
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Table 9: Data weights applied by each alternative data weighting method. The Dirichlet
Multinomial weight is theta/(1+theta)

Method Commercial Recreational
Lengths Lengths

Francis 0.5728750 0.0290410

McAllister-Ianelli 0.5475580 0.0585020

Dirichlet Multinomial 0.9836962 0.1717789

35



9¢

Table 10: List of parameters used in the base model, including estimated values and standard deviations (SD), bounds (minimum
and maximum), estimation phase (negative values not estimated), status (indicates if parameters are near bounds), and prior type
information (mean and SD).

Parameter Value Phase Bounds Status SD Prior (Exp.Val, SD)
NatM p 1 Fem GP 1 0.057 -2 (0.01, 0.2) NA NA Log Norm (-2.8647, 0.438)
L at Amin Fem GP 1 8.230 -2 (0, 10) NA NA None

L at Amax Fem GP 1 43.040 -2 (25, 60) NA NA None
VonBert K Fem GP 1 0.199 -2 (0.03,0.3) NA NA None

CV young Fem GP 1 0.100 -2 (0.01, 1) NA NA None

CV old Fem GP 1 0.100 -2 (0.01, 1) NA NA None

Wtlen 1 Fem GP 1 1.963e-05 -9 (0, 0.1) NA NA None

Wtlen 2 Fem GP 1 3.016 -9 (2, 4) NA NA None
Mat50% Fem GP 1 20.230 -9 (10, 60) NA  NA None

Mat slope Fem GP 1 -0.800 -9 (-2, 0) NA NA None

Eggs scalar Fem GP 1 0.000 -9 (-3, 3) NA NA None

Eggs exp len Fem GP 1 3.702 -9 (0, 6) NA NA None
CohortGrowDev 1.000 -9 0, 1) NA NA None
FracFemale GP 1 0.500 -9 (0.01, 0.99) NA NA None

SR LN(RO0) 2.004 1 (1, 20) OK 0.220328 None

SR BH steep 0.720 7 (0.2, 1) NA  NA Full Beta (0.72, 0.158)
SR sigmaR 0.600 -99 (0.15, 0.9) NA NA None

SR regime 0.000 -99 (-2, 2) NA NA None

SR autocorr 0.000 -99 (0, 0) NA NA None

Late RecrDev 2018 0.000 NA (NA, NA) NA NA dev (NA, NA)
Late RecrDev 2019 0.000 NA (NA, NA) NA NA dev (NA, NA)
Late RecrDev 2020 0.000 NA (NA, NA) NA NA dev (NA, NA)
Size DbIN peak WA Recreational(1) 44.073 2 (15, 55) OK 3.627810 None

Size DbIN top logit WA Recreational(1) -1.021 -2 (-7, 7) NA NA None

Size DbIN ascend se WA Recreational(1) 4.923 3 (-10, 10) OK 0.331510 None

Size DbIN descend se WA Recreational(1) -0.554 -4 (-10, 10) NA NA None

Size DbIN start logit WA Recreational(1)  -20.000 -9 (-20, 30) NA NA None

Size DbIN end logit WA Recreational(1) 10.000 -3 (-10, 10) NA NA None

Size DbIN peak WA Commercial(2) 44.503 2 (15, 55) OK 4.218800 None

Size DbIN top logit WA Commercial(2) -0.206 -2 (-7,7) NA NA None
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Table 10: List of parameters used in the base model, including estimated values and standard deviations (SD), bounds (minimum
and maximum), estimation phase (negative values not estimated), status (indicates if parameters are near bounds), and prior type
information (mean and SD). (continued)

Parameter Value Phase Bounds Status SD Prior (Exp.Val, SD)
Size DbIN ascend se WA Commercial(2) 4.356 3 (-10, 10) OK 0.663928 None
Size DbIN descend se WA Commercial(2)  -0.069 -4 (-10, 10) NA NA None
Size DbIN start logit WA Commercial(2) -20.000 -9 (-20, 30) NA NA None
Size DDbIN end logit WA Commercial(2) 10.000 -3 (-10, 10) NA NA None




Table 11: Likelihood components by source.

Label Total

TOTAL 54.87

Catch 0.00

Equil catch 0.00
Length comp 54.87
Recruitment 0.00
InitEQ Regime 0.00
Forecast Recruitment 0.00
Parm priors 0.00
Parm softbounds 0.00
Parm devs 0.00
Crash Pen 0.00
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Table 12: Summary of reference points and management quantities, including estimates of

the 95 percent intervals.

Estimate Lower Upper
Interval Interval
Unfished Spawning Output 17.19 9.77 24.61
Unfished Age 3+ Biomass (mt) 138.24 78.54 197.94
Unfished Recruitment (RO) 7.42 4.21 10.62
Spawning Output (2021) 6.64 -1.6 14.88
Fraction Unfished (2021) 0.39 0.07 0.7
Reference Points Based SB40\% - - -
Proxy Spawning Output SB40\% 6.88 3.91 9.84
SPR Resulting in SB40\% 0.46 0.46 0.46
Exploitation Rate Resulting in SB40\% 0.05 0.05 0.05
Yield with SPR Based On SB40\% (mt) 2.99 1.92 4.07
Reference Points Based on SPR Proxy for MSY - - -
Proxy Spawning Output (SPR50) 7.67 4.36 10.98
Exploitation Rate Corresponding to SPR50 0.04 0.04 0.05
Yield with SPR50 at SB SPR (mt) 2.86 1.83 3.88
Reference Points Based on Estimated MSY Values - - -
Spawning Output at MSY (SB MSY) 4.73 2.65 6.81
SPR MSY 0.35 0.34 0.35
Exploitation Rate Corresponding to SPR MSY 0.07 0.07 0.08
MSY (mt) 3.18 2.05 4.32
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Table 13: Time series of population estimates from the base model.

Year Total Spawn- Total Frac- Age-0 Total 1-SPR Ex-
Biomass ing Biomass tion Re- Mortal- ploita-

(mt) Output 3+ (mt) Un- cruits ity (mt) tion

fished Rate

1958  138.77 17.19 138.24 1.00 7.42 0.08 0.01 0.00
1959  138.69 17.18 138.16 1.00 7.42 0.26 0.04 0.00
1960  138.46 17.15 137.92 1.00 7.42 0.44 0.06 0.00
1961  138.06 17.09 137.53 0.99 7.42 0.61 0.08 0.00
1962  137.51 17.02 136.98 0.99 7.41 0.79 0.11 0.01
1963  136.81 16.93 136.28 0.99 7.41 0.96 0.13 0.01
1964  135.98 16.82 135.45 0.98 7.40 1.14 0.15 0.01
1965  135.01 16.69 134.49 0.97 7.40 1.31 0.17 0.01
1966  133.92 16.55 133.39 0.96 7.39 1.49 0.19 0.01
1967  132.71 16.39 132.18 0.95 7.39 1.67 0.21 0.01
1968  131.38 16.21 130.85 0.94 7.38 1.84 0.23 0.01
1969  129.94 16.03 129.41 0.93 7.37 2.01 0.24 0.02
1970  128.40 15.82 127.87 0.92 7.36 2.19 0.26 0.02
1971 126.75 15.60 126.22 0.91 7.35 2.36 0.28 0.02
1972 125.01 15.38 124.48 0.89 7.34 2.53 0.30 0.02
1973 123.18 15.13 122.66 0.88 7.32 5.09 0.46 0.04
1974  119.10 14.60 118.57 0.85 7.30 2.87 0.34 0.02
1975  117.18 14.34 116.66 0.83 7.28 3.04 0.36 0.03
1976  115.19 14.08 114.67 0.82 7.27 1.40 0.20 0.01
1977  114.82 14.03 114.29 0.82 7.26 1.59 0.23 0.01
1978  114.30 13.96 113.78 0.81 7.26 1.66 0.23 0.01
1979  113.75 13.88 113.23 0.81 7.25 1.98 0.27 0.02
1980 112.93 13.77 112.41 0.80 7.25 1.56 0.23 0.01
1981  112.55 13.72 112.03 0.80 7.24 2.08 0.28 0.02
1982 111.69 13.61 111.17 0.79 7.24 1.94 0.27 0.02
1983 111.01 13.52 110.49 0.79 7.23 2.37 0.31 0.02
1984  109.95 13.38 109.43 0.78 7.22 4.83 0.49 0.04
1985  106.61 12.95 106.09 0.75 7.19 2.96 0.37 0.03
1986  105.15 12.75 104.63 0.74 7.18 4.41 0.48 0.04
1987  102.39 12.39 101.88 0.72 7.15 5.86 0.56 0.06
1988 98.39 11.87 97.87 0.69 7.11 4.54 0.50 0.05
1989 95.73 11.52 95.22 0.67 7.09 9.61 0.70 0.10
1990  88.47 10.57 87.96 0.62 7.00 9.75 0.72 0.11
1991 81.30 9.64 80.79 0.56 6.90 5.30 0.60 0.07
1992 78.48 9.27 77.98 0.54 6.86 5.15 0.61 0.07
1993 75.92 8.93 75.42 0.52 6.82 6.52 0.67 0.09
1994  72.18 8.44 71.69 0.49 6.75 4.76 0.61 0.07
1995 70.20 8.18 69.71 0.48 6.71 4.47 0.60 0.06
1996 68.57 7.97 68.09 0.46 6.68 4.81 0.63 0.07
1997  66.68 7.73 66.20 0.45 6.64 4.34 0.61 0.07
1998 65.29 7.55 64.81 0.44 6.61 5.31 0.66 0.08
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Table 13: Time series of population estimates from the base model. (continued)

Year Total Spawn- Total Frac- Age-0 Total 1-SPR Ex-
Biomass ing Biomass tion Re- Mortal- ploita-

(mt) Output 3+ (mt) Un- cruits ity (mt) tion

fished Rate

1999 63.04 7.26 62.57 0.42 6.56 5.66 0.69 0.09
2000  60.53 6.94 60.06 0.40 6.50 5.93 0.70 0.10
2001 57.85 6.59 57.38 0.38 6.43 3.98 0.63 0.07
2002 57.01 6.48 56.54 0.38 6.41 3.55 0.60 0.06
2003 56.60 6.43 56.14 0.37 6.40 2.73 0.54 0.05
2004  56.97 6.48 56.51 0.38 6.41 4.08 0.64 0.07
2005 56.07 6.36 55.61 0.37 6.39 7.22 0.77 0.13
2006 52.23 5.88 51.77 0.34 6.27 4.70 0.69 0.09
2007  50.81 5.70 50.35 0.33 6.23 4.22 0.68 0.08
2008  49.85 5.58 49.40 0.32 6.19 3.75 0.65 0.08
2009  49.34 5.51 48.90 0.32 6.18 3.53 0.64 0.07
2010  49.05 5.47 48.61 0.32 6.17 2.26 0.53 0.05
2011 49.95 5.59 49.50 0.33 6.20 2.29 0.53 0.05
2012 50.81 5.70 50.37 0.33 6.23 2.71 0.57 0.05
2013 51.26 5.76 50.82 0.34 6.24 1.81 0.46 0.04
2014 52.53 5.93 52.09 0.34 6.28 1.98 0.47 0.04
2015 53.63 6.07 53.18 0.35 6.32 1.44 0.39 0.03
2016 55.20 6.27 54.75 0.36 6.36 1.91 0.45 0.03
2017 56.31 6.41 55.85 0.37 6.40 1.77 0.42 0.03
2018 57.51 6.57 57.06 0.38 6.43 2.48 0.51 0.04
2019 58.02 6.63 57.57 0.39 6.44 3.86 0.62 0.07
2020  57.23 6.53 56.77 0.38 6.42 2.08 0.46 0.04
2021 58.11 6.64 57.65 0.39 6.44 2.66 0.52 0.05
2022 58.44 6.68 57.98 0.39 6.45 2.66 0.52 0.05
2023 58.76 6.72 58.30 0.39 6.46 2.22 0.47 0.04
2024 59.49 6.81 59.03 0.40 6.48 2.22 0.47 0.04
2025 60.22 6.91 59.76 0.40 6.50 2.22 0.46 0.04
2026 60.93 7.00 60.47 0.41 6.52 2.22 0.46 0.04
2027  61.63 7.09 61.17 0.41 6.53 2.22 0.46 0.04
2028 62.32 7.18 61.86 0.42 6.55 2.22 0.45 0.04
2029 63.00 7.26 62.53 0.42 6.56 2.22 0.45 0.04
2030  63.66 7.35 63.19 0.43 6.58 2.22 0.45 0.04
2031 64.31 7.43 63.84 0.43 6.59 2.22 0.44 0.03
2032 64.94 7.51 64.47 0.44 6.61 2.22 0.44 0.03
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Table 14: Sensitivities relative to the base model.

Base Rec Rec DW DW Est Est Est No Mir- Rec Com Rec Alt
model  devs devs MI DM Linf Old M early ror dome- dome- block Phase/Alt
reweight ()Y rec com  shaped shaped selex state
comps selex selex, selex
recdevs

Total Likelihood 54.87 49.28 112.33 89.52 697.86 52.97 49.67 49.68 54.13 56.35 48.05 54.74 48.16 55.01
Length Likelihood 54.87 44.75 91.73 89.52 694.92 5297 49.67 4732 54.13 56.35 43.89 54.74 48.16 55.01
Recruitment Likelihood 0.00 4.53  20.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.16 0.00 0.00 0.00
Forecast Recruitment Likelihood — 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Parameter Priors Likelihood 0.00 0.00 0.00 0.00 2.93 0.00 0.00 2.35 0.00 0.00 0.00 0.00 0.00 0.00
Parameter Bounds Likelihood 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
log(RO) 2.00 1.77 1.54 2.01 241 3.04 3.59 2.80 2.00 2.03 1.84 2.02 1.86 3.36
SB Virgin 17.19 13.63 10.82 17.27 25.86 40.60 82.03 6.86 17.14  17.61 14.64 17.41 1490 66.83
SB 2021 6.64 2.97 1.78 6.74 15.82  32.11 7243 3.14 6.59 7.04 4.14 6.88 4.03  56.99
Fraction Unfished 2021 0.39 0.22 0.16 0.39 0.61 0.79 0.88 0.46 0.38 0.40 0.28 0.40 0.27 0.85
Total Yield at SPR 50 2.86 2.34 1.91 2.87 4.01 7.09 12.37  3.38 2.85 2.94 2.42 2.88 2.61 10.12
Steepness 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72
Natural Mortality 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.15 0.06 0.06 0.06 0.06 0.06 0.06
Length at Amin 8.23 8.23 8.23 8.23 8.23 8.23 8.23 8.23 8.23 8.23 8.23 8.23 8.23 8.23
Length at Amax 43.04 43.04 43.04 43.04 43.04 41.19 43.04 43.04 43.04 43.04 43.04 43.04 43.04 43.04
Von Bert. k 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
CV young 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
CV old 0.10 0.10 0.10 0.10 0.10 0.10 0.07 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Peak recreational selex 44.07 46.26 47.66 44.00 44.27 46.68 32.28 54.99 44.10 44.38 46.00 43.93 4598 33.15
Peak commercial selex 44.50 4593 46.56 44.46 43.78 47.41 41.38 51.99 44.52 NA 45.17  44.72 4548 41.93




Table 15: Derived quantities from SSS based on assuming fraction unfished of 57 percent
in 2021.
Median Lower Upper Interval
Interval

SSB Unfished 21.92 11.80 71.61

SSB 2021 12.22 3.03 60.82

Fraction Unfished 2021 0.57 0.24 0.87

OFL 2023 5.00 1.20 22.89

ABC 2023 3.90 0.74 17.86
Table 16: Derived quantities from SSS based on assuming fraction unfished of 40 percent
in 2021.

Median Lower Upper Interval
Interval
SSB Unfished 16.81 10.11 43.05
SSB 2021 6.12 1.30 32.34
Fraction Unfished 2021 0.38 0.11 0.76
OFL 2023 2.44 0.41 11.47
ABC 2023 1.88 0.00 8.95
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Figure 1: Total removals by year for the recreational (1000s of fish) and commercial fleets
(mt) in the model.
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Figure 3: Length composition data from the commercial fleet.
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Figure 4: Aggregate length composition for the commercial and recreational fleet over all
years.
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Figure 5: Mean length for commercial fleet with 95 percent confidence intervals.
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Figure 6: Length composition data from the recreational fleet.
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Figure 7: Mean length for recreational fleet with 95 percent confidence intervals.
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Figure 9: Fecundity as a function of length.
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Figure 10: Observed sex-specific (red is female, blue is male, gray is unsexed) weight-at-
length data from the individual sources with length and weight data, along with all sources

combined with the estimated weight-at-length curves.
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Figure 13: Length at age in the beginning of the year in the ending year of the model.
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Figure 14: Selectivity at length by fleet.
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Figure 15: Pearson residuals for commercial fleet. Closed bubble are positive residuals
(observed > expected) and open bubbles are negative residuals (observed < expected).
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Figure 16: Model estimated mean length in cm (blue line) overlaid on mean length of

commercial lengths (gray circles) with 95 percent confidence intervals based on current
samples sizes.
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Figure 17: Pearson residuals for recreational fleet. Closed bubble are positive residuals
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Figure 18: Model estimated mean length in cm (blue line) overlaid on mean length for

recreational lengths (gray circles) with 95 percent confidence intervals based on current
samples sizes.
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Figure 20: Estimated time series of spawning output.
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Figure 21: Estimated time series of total biomass.
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Figure 22: Estimated time series of relative spawning output.
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Figure 24: Estimated time series of age-0 recruits (1000s).
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Figure 25: Change in the negative log-likelihood across a range of In(R0) values.

68



—e— Jog(R0)=1.8
—&— |og(RO) =2
—t+—_Base: log(RO
=" log(
-
-

100 —

log(RO) = 2.4
log(RO) = 2.6
log(RO) = 2.8
0g
log(RO) = 3.2
log(RO) = 3.4
60 —#-_log(R0) =.3.6

—&— |og(RO) = 3.8

80

Spawning output

v
ON
X
N AM\K
(o]

1960 1970 1980 1990 2000 2010 2020

Year

Figure 26: Change in the estimate of spawning output across a range of In(R0) values.
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Figure 27: Change in the estimate of fraction unfished across a range of In(R0) values.
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Figure 29: Change in the estimate of spawning output across a range of steepness values.
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Figure 30: Change in the estimate of fraction unfished across a range of steepness values.
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Figure 31: Change in the negative log-likelihood across a range of steepness values with
recreational selectivity fixed.
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Figure 32: Change in the estimate of spawning output across a range of steepness values
with recreational selectivity fixed.

75



1.00 —6— h=03
—2— h=04
—+= h=05
—— h=0.6
h=0.7
0.80 Base: h =0.72
h=0.8
h=0.9
B —— h=1
5
& 0.60
>
kS
c <
i) Nigg
© Management target s
D 040 ---mmmmm o S
[T
Minimum stock size threshold
0.25 —F-mmmm e NS AT TS T
0.20 —
0.00 — T T T T T T
1960 1970 1980 1990 2000 2010 2020

Year

Figure 33: Change in the estimate of fraction unfished across a range of steepness values
with recreational selectivity fixed.
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Figure 34: Change in the negative log-likelihood across a range of values for the peak in
selectivity for the recreational fishery.
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Figure 35: Change in the estimate of spawning output across a range of values for the peak
in selectivity for the recreational fishery.
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Figure 36: Change in the estimate of fraction unfished across a range of values for the peak
in selectivity for the recreational fishery.
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Figure 37: Change in the negative log-likelihood across a range of natural mortality values.
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Figure 38: Change in the estimate of spawning output across a range of natural mortality
values.
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Figure 39: Change in the estimate of fraction unfished across a range of natural mortality
values.
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Figure 40: Change in the negative log-likelihood across a range of maximum length values.

83



80 o L_at_Amax_Fem_GP_1 =40
L_at_Amax_Fem_GP_1 =40.5
Fem _GP_1=41

L_at_ Amax_Fem_GP_1 =42
L_at_Amax_Fem_GP_1=42.5

60 — L_at_ Amax_Fem_GP_1 =43

Base: L_at_Amax_Fem_GP_1 =43.04
L_at_ Amax_Fem_GP_1=43.5
L_at_Amax_Fem_GP_1 =44

& ~%- L_at_Amax_Fem_GP_1=445
_‘H_\‘M\ —#— L_at_Amax_Fem_GP_1=45
40

——
—2—
—— L_at Amax_Fem_. 2715
-
-

Spawning output

o SO

0 T T T T T T T
1960 1970 1980 1990 2000 2010 2020

Year

Figure 41: Change in the estimate of spawning output across a range of maximum length
values.
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Figure 42: Change in the estimate of fraction unfished across a range of maximum length
values.
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Figure 43: Change in the negative log-likelihood across a range of k values.
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Figure 44: Change in the estimate of spawning output across a range of k values.
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Figure 45: Change in the estimate of fraction unfished across a range of k values.
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Figure 46: Change in the negative log-likelihood across a range of CV at maximum length
values.
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Figure 47: Change in the estimate of spawning output across a range of CV at maximum
length values.
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Figure 48: Change in the estimate of fraction unfished across a range of CV at maximum
length values.

91



Changes in total likelihood

8
o & H
<
6 —]
X
- o —
(@)
S o
.E q— p—
(0]
° o
©
c ]
s ° | | | |
0.06 0.08 0.10 0.12 0.14
CV_old_Fem_GP_1
Length-composition likelihoods
3 o~
e - -~ ALL
© I eational
= o A Commercial
& _
S oA
.E q— pa—
(0]
g
5 © T : 1 : T T T

0.06 0.08 0.10 0.12 0.14

CV_old_Fem_GP_1

Figure 49: Change in the negative log-likelihood across a range of CV at maximum length
values with recreational selectivity fixed.
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Figure 50: Change in the estimate of spawning output across a range of CV at maximum
length values with recreational selectivity fixed.
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Figure 51: Change in the estimate of fraction unfished across a range of CV at maximum
length values with recreational selectivity fixed.
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Figure 52: Change in the estimate of spawning output when the most recent 5 years of
data are removed sequentially.
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Figure 53: Change in the estimate of fraction unfished when the most recent 5 years of
data are removed sequentially.
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Figure 54: Change in estimated spawning output by sensitivity.
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Figure 55: Change in estimated spawning output by sensitivity. Sensitivities for Linf, CV
of older fish, and alternative phase/state are omitted.
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Figure 56: Change in estimated fraction unfished by sensitivity.
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Figure 57: Change in estimated fraction unfished by sensitivity. Sensitivities for Linf, CV
of older fish, and alternative phase/state are omitted.
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Figure 58: Change in estimated annual recruitment deviation by sensitivity.
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Figure 59: Prior distributions for parameter input for SSS where fraction unfished was
assumed to be 57 percent. The red vertical line represents the median of the distribution.
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Figure 61: Prior distributions for parameter input for SSS where fraction unfished was
assumed to be 40 percent. The red vertical line represents the median of the distribution.
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Figure 63: Estimated 1 - relative spawning ratio (SPR) by year.
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10 Appendix:

10.1 Detailed Fit to Annual Length Composition Data
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Figure 66: Length comps, whole catch, WA_ Recreational (plot 1 of 2).N adj. is the input
sample size after data-weighting adjustment. N eff. is the calculated effective sample size
used in the McAllister-Tannelli tuning method.
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Figure 67: Length comps, whole catch, WA_ Recreational (plot 2 of 2).
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Figure 68: Length comps, whole catch, WA_ Commercial ‘N adj. is the input sample size
after data-weighting adjustment. N eff. is the calculated effective sample size used in the
McAllister-Iannelli tuning method.
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