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One Page Summary
• This assessment for Black Rockfish in Oregon waters incorporates a wide range of data sources: removals 

from two commercial and two recreational fleets; three fishery-dependent indices of abundance, three 
fishery-independent indices of abundance, length and conditional age-at-length composition data for 
several fisheries and surveys; information on weight-at-length, maturity-at-length, and fecundity-at-
length; information on natural mortality and the steepness of the Beverton-Holt stock-recruitment 
relationship; and estimates of ageing error.

• The addition of a new coastwide acoustic-visual survey (conducted in 2021) was incorporated into 
the reference model to provide direct information on overall population scale and to anchor related 
information on scale from earlier (2005-2013) tagging data.

• Black Rockfish off the U.S. west coast appear to have complex sex-specific growth and mortality 
dynamics that are captured in this assessment through sex-specific parameterizations. In particular, 
observations of older females are lacking in the available data and is addressed by allowing for higher 
female natural mortality.

• The model was highly sensitive to model specifications for acoustic-visual (AV) survey catchability and 
recruitment. The reference model fixed AV survey catchability at a reasonable value (1.0) given the 
survey design and Black Rockfish biology. Reconciling the signal in the biological data (which suggests 
a lower population size and status) versus the AV and tag surveys (which suggest high stock sizes and 
status) is a major uncertainty.

• Parameters that were estimated in the reference model include male and female 𝐿∞ and 𝑘, recruitment 
deviations starting in 1980, equilibrium recruitment (𝑙𝑛𝑅0), and extra survey variance. Length-based 
selectivity parameters in the final reference model were fixed to values previously estimated (i.e., 
pre-STAR panel reference model) using the the length composition data which was subsequently 
dropped from the final model to lessen the effect the lengths were having on the assessment.

• The estimated spawning output at the beginning of 2023 was 674 billion of eggs (beggs;  95 percent 
asymptotic intervals: 487 to 861 beggs), which when compared to unfished spawning output (1,490 
meggs) gives a relative stock status level of 45 percent (approximate 95 percent asymptotic intervals: 
36 to 54 percent). Currently the stock is estimated above the management target of 𝑆𝑂40% in 2023 
and is estimated to have remained above the target since 2014.

• Fishing intensity (1 - SPR) has fluctuated around the estimated SPR rate fishing intensity target of 0.50 
(1 - SPR50%) since 1980. The spawning output equivalent to 40 percent of the unfished spawning output 
(SO40%) calculated using the SPR target (SPR50%) was 664.9 meggs. The Black Rockfish population in 
Oregon at the start of 2023 is estimated to be 1.08 times (above) 𝑆𝑂40%, and fishing intensity during 
2022 is estimated to be 1.18 times (above) the fishing intensity rate of SPR50%. Sustainable total yield, 
landings plus discards, using SPR50% is estimated at 422 mt.



Acronyms Used in the Document
The following will include a list of common acronyms used in this document. It will be fully populated prior 
to the final post-review draft.

ABC – Acceptable Biological Catch
AIC – Akaike Information Criterion
CDFW – California Department of Fish and Wildlife
CFIS – Commercial Fisheries Information System
CI – Confidence interval
CPFV – Commercial Passenger Fishing Vessel
CPUE – Catch per unit of effort
CV – Coefficient of variation
EEZ – Exclusive Economic Zone
ENSO – El Niño Southern Oscillation
FMP – Groundfish Fishery Management Plan
GLM – Generalized Linear Model
MPA – Marine Protected Area
MPD – Maximum of the posterior density function
MRFSS - Marine Recreational Fisheries Statistics Survey
MSY – Maximum Sustainable Yield
mt – Metric tons
NFMP – Nearshore Fishery Management Plan
NMT – Natural Mortality Tool
NWFSC – Northwest Fisheries Science Center
ODFW – Oregon Department of Fish and Wildlife
OFL – Overfishing Limit
ORBS – Ocean Recreational Boat Survey
ORS – Oregon sub-stock
OY- Optimum Yield
PacFIN - Pacific Fisheries Information Network
PBR – Private Boat and Rental recreational mode
PFEL – Pacific Fisheries Environmental Laboratory
PFMC – Pacific Fishery Management Council
PISCO - Partnership for Interdisciplinary Studies of Coastal Oceans
PSMFC – Pacific States Marine Fisheries Commission
RCA – Rockfish Conservation Area
RecFIN – Recreational Fisheries Information Network
SMURF - Standard Monitoring Units for the Recruitment of (temperate reef) Fishes
SPR – Spawning Potential Ratio
SS – Stock Synthesis
STAR – Stock Assessment Review (panel)
STAT – Stock Assessment Team
TL – Total Length
TOR – Terms of Reference
WCGOP – West Coast Groundfish Observer Program
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Executive summary
Stock
This assessment reports the status of Black Rockfish (Sebastes melanops) off Oregon state using data through 
2022. Black Rockfish are also found in California and Washington waters of the U.S. West Coast, and 
those are treated in separate area-based stock assessments given different management considerations and 
exploitation histories as discussed at the preliminary stock assessment workshop in February 2023 (Council 
2023). There is substantial biogeographic separation in the populations off Oregon and Washington, thus 
justifying separation of those populations into different management units and stock assessments. Black 
Rockfish are also caught from the waters off British Columbia and Alaska, but there have not been any 
formal assessments of stock status for those areas in recent years. Genetic studies of stock structure indicate 
fish in Alaska are more differentiated than those along the contiguous west coast of the United States, and 
that genetic diversity varies in a non-systematic way from California to Oregon (Hess et al. 2023).

Removals
Black Rockfish are caught by a wide variety of gear types in Oregon and in recent decades have been a very 
important target species for recreational charter-boats and private sport anglers (i.e., ocean boat fleet). In 
recent years the recreational fishery has accounted for most of the Black Rockfish catches (Figure i). Black 
Rockfish are also be an important component of nearshore commercial fisheries, either as incidental catch 
by the troll fishery for salmon or as directed catch by fixed gear fisheries for groundfish. Further, there are 
nearshore commercial fisheries that catch and sell fish live for the restaurant trade.

Historical catch reconstructions for Oregon show that catch of Black Rockfish was limited until the development 
of trawl fisheries around World War II in the 1940s. Trawl landings were consistent through the 1970s and 
landings from other gear types were minimal (Figure i). There has been almost no trawl-caught landings of 
Black Rockfish in recent years (Table i). Modern-era, detailed catch estimates are available from Pacific Fishery 
Information Network (PacFIN) database for commercial landings (1987 - 2022) and from the Recreational 
Fishery Information Network (RecFIN) (2001 - 2022). Historical recreational catch estimates were provided 
by ODFW (1979 - 2000). Generally, the historical catch series were derived by applying available estimates 
or assumed values for the proportion of Black Rockfish landings in reported landings of rockfish. Observer 
data, which are available since the early 2000s, indicate low levels of discarding of Black Rockfish, generally 
less than 2% of total catch. While Black Rockfish are unlikely to have ever comprised a large percentage of 
overall rockfish landings due to their low abundance compared to other rockfish species, it seems plausible 
that they have been more than a trivial component due to their nearshore distribution for many years. Black 
Rockfish were one of only four rockfish species mentioned by scientific name in reports of rockfish landings in 
Oregon during the 1940s.

Overall, removals of Black Rockfish remained relatively low (generally less than 100 mt) until the mid to 
late 1970s when landings quickly increased (approximately eight-fold, on average) with the expansion of the 
recreational fishery. Since the 1980s, removals have consistently fluctuated between 300 and 600 mt (no major 
trend), comprising mostly of removals from the ocean boat recreational fleet and the non-trawl commercial 
fleet (Figure i).
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Table i: Recent catches (mt) by fleet and total catch (mt) summed across fleets for the model area.

 Year Trawl Non- Ocean Shore Total 
wdis Trawl (mt) (mt) Catch 
(mt) wdis (mt)

(mt)

 2013 0.08 107.47 321.31 13.28 442.14
 2014 0.71 122.92 342.55 13.28 479.45
 2015 0.51 122.12 458.61 13.28 594.52
 2016 0.64 105.95 404.65 13.28 524.53
 2017 0.26 125.21 402.67 13.28 541.43
 2018 0.03 122.98 278.78 13.28 415.07
 2019 0.01 119.19 305.07 13.28 437.55
 2020 0.04 101.79 320.45 13.28 435.56
 2021 0.00 101.53 320.73 13.28 435.54
 2022 0.00 118.11 394.61 13.28 526.00

Figure i: Landings by fleet used in the reference model where catches in metric tons by fleet are stacked. 
wdis- With Discards.
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Data and Assessment
The first Black Rockfish stock assessment along the west coast of the United States that included the majority 
of Oregon waters was completed in 1993, covering the area south of Cape Falcon, Oregon to north of Point 
Piedros Blancos, California (Sampson 2007). Subsequent assessments that included Oregon waters were done 
in 2003 and 2007. In 2015, the last assessment prior to the current one was completed that included Oregon 
waters only as one of three (also Washington and California) separate assessment areas delineated by state 
lines (Cope et al. 2016). Similarly, this assessment treats Oregon waters as a single assessment area. The 
previous two assessments used Stock Synthesis software, as does this one (version 3.30.21.00).

This assessment integrates data and information from multiple sources into one modeling framework. The 
stock assessment model for Black Rockfish is informed by catch data from two commercial fleets and two 
recreational fleets, six abundance indices, five sets of length composition data, and three sets of conditional 
age-at-length compositions. It also uses multiple ageing error matrices to incorporate ageing imprecision and 
applies fixed parameterizations of weight-at-length, maturity-at-length, fecundity-at-length, the Beverton-Holt 
stock-recruitment steepness value, and recruitment variability. Life history parameters were sex-specific (i.e., 
a two-sex model) with natural mortality fixed at external estimates and growth and recruitment parameters 
estimated. Additional parameters that were estimated include initial population scale (𝑙𝑛𝑅0), selectivity for 
each fishery and survey, and extra survey variance. Selectivity paramters were estimated using the length 
composition data and then were fixed in the final model that used marginal age compostion data (instead 
of lengths) to lessen the effect lengths were having on the assessment. The reference model was tuned to 
account for the weighting of the length and age data and index variances (which was estimated), as well as 
the specification of the recruitment bias adjustments. Derived quantities include, among other things, the 
time series of spawning output, age and size structure, and current and projected future stock status. The 
model covers the years 1892 to 2022, with a 12 year forecast beginning in 2023.

Within model uncertainty is explicitly included in this assessment by parameter estimation uncertainty, while 
among model uncertainty is explored through sensitivity analyses addressing alternative input assumptions 
such as data treatment and weighting, and model specification sensitivity to the treatment of life history 
parameters, selectivity, recruitment, and survey catchability. A reference model was selected that best fit 
the observed data while concomitantly balancing the desire to capture the central tendency across those 
sources of uncertainty, ensure model realism and tractability, and promote robustness to potential model 
misspecification.

Stock Biomass and Dynamics
Spawning output (in billions of eggs; beggs) instead of spawning biomass is used to report the functionally 
mature population scale because fecundity is nonlinearly related to body female weight. The estimated 
spawning output at the beginning of 2023 was 674 meggs (~95 percent asymptotic intervals: 487 to 861 meggs, 
Table ii and Figure ii), which when compared to unfished spawning output (1,490 meggs) gives a relative stock 
status level of 45 percent (~95 percent asymptotic intervals: 36 to 54 percent, Figure iii). Overall, spawning 
output declined with the onset of increasing commercial removals in the 1960s and continued to decline with 
the increase in recreational catches through the 1990s, even dropping below the target relative stock size 
from 1992 to 2014, before steadily increasing back above target since that time. The largest of the estimated 
recruitment pulses occurred in 2008 and was followed by several above average recruitment years in the early 
2010s, which contributed to the increase in spawning output through the mid to late 2010s. The minimum 
relative stock size of 30 percent of unfished levels is estimated to have occurred in 1998. Accordingly, the 
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stock has not been below the minimum stock size threshold (i.e., never overfished based on median estimates). 
Currently the stock is estimated above the management target of 𝑆𝑂40% in 2023 and is estimated to have 
remained above the target since 2014 (Table ii and Figure iii).

Table ii: Estimated recent trend in spawning output and the fraction unfished and the 95 percent intervals 
for the model area.

 Year Spawn- Lower Upper Frac- Lower Upper 
ing Inter- Inter- tion Inter- Inter-

Output val val Un- val val
(mil- fished

lions of 
eggs)

 2013 623.78 475.84 771.72 0.42 0.35 0.48
 2014 625.49 476.23 774.74 0.42 0.35 0.49
 2015 637.84 485.24 790.44 0.43 0.36 0.49
 2016 641.93 485.03 798.83 0.43 0.36 0.50
 2017 654.85 492.47 817.23 0.44 0.37 0.51
 2018 662.48 494.65 830.32 0.44 0.37 0.52
 2019 684.01 510.24 857.79 0.46 0.38 0.54
 2020 700.17 520.96 879.39 0.47 0.39 0.55
 2021 708.62 524.96 892.27 0.48 0.39 0.56
 2022 704.66 518.18 891.14 0.47 0.39 0.56
 2023 674.10 487.04 861.16 0.45 0.36 0.54
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Figure ii: Estimated time series of spawning output (circles and line: median; light broken lines: 95 percent 
intervals) for the reference model.
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Figure iii: Estimated time series of fraction of unfished spawning output (circles and line: median; light 
broken lines: 95 percent intervals) for the reference model.
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Recruitment
Recruitment is informed by the data and estimated from 1980 to 2017, before and after which it is assumed 
taken from the stock-recruit relationship (Table iii and Figure iv). The highest recruitment years occurred in 
1999, 2000, 2008, 2010, 2013, and 2016. The large 2008 and 2016 year classes, as well as several above average 
year classes in the early 2010s, contributed to the recent increase in Black Rockfish biomass. Recruitment is 
informed by composition data and six relative abundance indices. The 2015 stock assessment did not estimate 
deviations from the stock-recruitment curve. While the Black Rockfish stock has been reduced to levels that 
theoretically would provide some information on how recruitment compensation changes across spawning 
output levels (i.e., inform the steepness parameter), the assessment model could not adequately estimate a 
reasonable steepness parameter. Thus, recruitment is based on a fixed assumption about steepness (ℎ = 0.72) 
and recruitment variability (𝜎𝑅 = 0.6).

Table iii: Estimated recent trend in recruitment (1,000s) and recruitment deviations and the 95 percent 
intervals for the model area.

 Year Re- Lower Upper Re- Lower Upper 
cruit- Inter- Inter- cruit- Inter- Inter-
ment val val ment val val

(1,000s) Devia-
tions

 2013 4047.27 3279.36 4994.99 0.47 0.29 0.64
 2014 3474.75 2753.75 4384.52 0.31 0.12 0.51
 2015 1537.01 1090.15 2167.03 -0.51 -0.83 -0.19
 2016 3554.02 2664.68 4740.19 0.33 0.07 0.59
 2017 1003.44 580.64 1734.11 -0.98 -1.52 -0.44
 2018 3042.02 2741.43 3375.57 0.00 0.00 0.00
 2019 3060.81 2759.49 3395.03 0.00 0.00 0.00
 2020 3074.28 2771.52 3410.11 0.00 0.00 0.00
 2021 3081.13 2776.14 3419.63 0.00 0.00 0.00
 2022 3077.94 2769.35 3420.91 0.00 0.00 0.00
 2023 3052.28 2735.80 3405.37 0.00 0.00 0.00
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Figure iv: Estimated time series of age-0 recruits (1000s) for the reference model with 95 percent intervals.
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Figure v: Estimated time series of recruitment deviations.
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Exploitation Status
Fishing intensity, as measured by the SPR rate (1 - SPR), has fluctuated around the estimated SPR rate 
fishing intensity target of 0.50 (1 - SPR50%) since 1980. Fishing was consistently at or above the target rate 
from 1988 to 2006 and has been slightly above it over the past 5 years as well (Table iv and Figures vi and vii). 
The steepness value of 0.72 indicates that a lower value of SPR (or equivalently a higher fishing intensity than 
SPR50%) would be consistent with the spawning output-based target of (SO40%) for sustainable removals. 
Trends in fishing intensity largely mirrored that of landings until the 1990s, after which recruitment pulses 
countered the catches somewhat to lower overall fishing intensity (though mostly still at or above target; 
Figure vi). The maximum fishing intensity (1 - SPR) was 0.71 in 1992, which is well above the target of 0.50. 
The current level of 0.59 for 2022 is above that target. Fishing intensity over the past decade has ranged 
between 0.50 and 0.62 and the exploitation rate (range of 0.07 - 0.09, Table iv) has come down since the time 
series high of 0.12 in 1992. Current estimates indicate that Black Rockfish spawning output is greater than 
than the target biomass level (SO40%), though fishing intensity remains above the target 𝐹𝑀𝑆𝑌 proxy harvest 
rate of 1 - SPR50% (Figure vii).

Table iv: Estimated recent trend in the 1-SPR where SPR is the spawning potential ratio, the exploitation 
rate, and the 95 percent intervals for the model area.

 Year 1-SPR Lower 
Inter-
val

Upper 
Inter-
val

Ex-
ploita-
tion 
Rate

Lower 
Inter-
val

Upper 
Inter-
val

 2013 0.53 0.47 0.58 0.07 0.06 0.08
 2014 0.54 0.48 0.59 0.07 0.06 0.08
 2015 0.59 0.53 0.65 0.09 0.07 0.10
 2016 0.55 0.49 0.61 0.08 0.06 0.09
 2017 0.56 0.50 0.62 0.08 0.06 0.09
 2018 0.47 0.41 0.54 0.06 0.05 0.07
 2019 0.49 0.42 0.55 0.07 0.05 0.08
 2020 0.49 0.42 0.55 0.07 0.05 0.08
 2021 0.50 0.43 0.56 0.07 0.05 0.08
 2022 0.57 0.50 0.64 0.08 0.07 0.10
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Figure vi: Estimated 1 - relative spawning ratio (SPR) by year for the reference model. The management 
target is plotted as a red horizontal line and values above this reflect harvest in excess of the proxy harvest 
rate.
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Figure vii: Phase plot of estimated 1-SPR versus fraction unfished for the reference model.
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Ecosystem Considerations
This stock assessment does not explicitly incorporate trophic interactions, habitat factors or environmental 
factors into the assessment model. More predation, diet and habitat work, and mechanistic linkages to 
environmental conditions would be needed to incorporate these elements into the stock assessment and 
should remain a priority. McClure et al. (2023) report the climate vulnerability for several west coast 
groundfishes, including Black Rockfish. Black Rockfish demonstrated both high biological sensitivity and 
high climate exposure risk, to give it an overall high vulnerability score to climate change. This result should 
also be considered with the fact that, like many rockfishes, periods of low productivity are not unusual to 
Black Rockfish and their extended longevity (though admittedly this seems shorter than previously believed 
and should be reconsidered) has historically allowed them to wait for advantageous productivity periods. 
Additional stressors such as fishing and climate change that possibly truncate longevity could bring significant 
challenges to population sustainability.

Reference Points
Reference points were based on the rockfish FMSY proxy (SPR50%), target relative spawning output (40%), 
and estimated selectivity and catch for each fleet (Table v). The yield values are lower than the previous 
assessment for similar reference points due to updated life history estimates. The proxy FMSY values of 
management quantities, based on exploitation rates that achieve SPR50% and SO40%, are more conservative 
(lower) than the exploitation rate at estimated MSY. Sustainable total yield using the proxy SPR50% is 422 
mt. The spawning output equivalent to 40 percent of the unfished spawning output (SO40%) was 596.1 meggs.

Recent removals have been above the point estimate of potential long-term yields calculated using an SPR50%
reference point, though the population size has continued to increase over recent years due to several above 
average recruitments. The equilibrium estimates of yield relative to biomass based on a steepness value fixed 
at 0.72 are provided in Figure viii, where vertical dashed lines indicate the estimate of fraction unfished at 
the start of 2023 (current) and the estimated management targets calculated based on the relative target 
biomass (B target), the SPR target, and the maximum sustainable yield (MSY).

The 2023 spawning output relative to unfished equilibrium spawning output is above (45 percent) the 
management target of 40 percent of unfished spawning output (i.e., 1.08 times above the target spawning 
output; Figure vii). The relative biomass and the ratio of the estimated SPR to the management target 
(SPR50%) across all model years are shown in Figure vii where warmer colors (red) represent early years and 
colder colors (blue) represent recent years. There have been periods where the stock status has decreased 
below the target and fishing intensity has been higher than the target fishing intensity based on SPR50%. 
Fishing intensity during the most recent year (2022) is estimated to be above the fishing intensity target 
(1.18 times SPR50%; Figure vii).
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Figure viii: Equilibrium yield curve for the reference model. Values are based on (the time invariant) fishery 
selectivities and with steepness fixed at 0.72.
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Table v: Summary of reference points and management quantities, including estimates of the 95 percent 
intervals for the model area.

Estimate Lower Upper 
Interval Interval

 Unfished Spawning Output (billions of eggs) 1490 1374 1606
 Unfished Age 0+ Biomass (mt) 10703 9785 11621

 Unfished Recruitment (R0) 3412 3146 3677
 Spawning Output (2023) 674 487 861
 Fraction Unfished (2023) 0.45 0.36 0.54

Reference Points Based SO40%
 Proxy Spawning Output (SO40%) 596 550 642

 SPR Resulting in SO40%% 0.46 0.46 0.46
 Exploitation Rate Resulting in SO40% 0.07 0.07 0.07
 Yield with SPR Based On SO40% (mt) 447 410 485

Reference Points Based on SPR Proxy for MSY
 Proxy Spawning Output (SPR50%) 665 613 717

 SPR50% 0.50 - -
 Exploitation Rate Corresponding to SPR50% 0.07 0.07 0.07

 Yield with SPR50% (mt) 422 387 458
Reference Points Based on Estimated MSY Values

 Spawning Output at MSY (SOMSY) 354 326 382
 SPRMSY 0.31 0.31 0.31

 Exploitation Rate Corresponding to SPRMSY 0.11 0.11 0.11
 MSY (mt) 496 454 537
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Management Performance
Black Rockfish removals have generally been below the equivalent ABC-ACL over the recent decade, with the 
exception of 2017 and 2022 when removals were slightly higher (Table vi). Exploitation on Black Rockfish 
increased starting around 1940 and reached a high in the late 1970s. Since that time, catch has mostly 
fluctuated between 300 and 500 mt per year, with some years exceeding 600 mt. Removals have averaged 483 
mt over the past decade. The last ten years of Black Rockfish acceptable biological catch (ABC) and annual 
catch limit (ACL) have been set, by definition, below the overfishing limit (OFL) (Table vi). Prior to 2017, 
management specifications were set for Black Rockfish in California and Oregon waters combined. The Black 
Rockfish OFL has not been exceeded by Oregon removals over the past decade. The ACL and ABC were 
exceeded in 2017 and 2022 by a small margin, but were more than offset by underages in intervening years.

Table vi: Recent trend in the overfishing limits (OFL), the acceptable biological catches (ABCs), the annual 
catch limits (ACLs), and the total catch (mt). Management specifications prior to 2017 were for Oregon and 
California combined.

 Year OFL ABC ACL Catch

 2013 1159 1108 1000 442.14
 2014 1166 1115 1000 479.45
 2015 1176 1124 1000 594.52
 2016 1183 1131 1000 524.53
 2017 577 527 527 541.43
 2018 570 520 520 415.07
 2019 565 516 516 437.55
 2020 561 512 512 435.56
 2021 570 512 512 435.54
 2022 566 512 512 526.00

Unresolved Problems and Major Uncertainties
The biggest uncertainty and unresolved conflict is trying to reconcile the signal in the biological data (which 
want a lower population size and status) versus the acoustic and tag surveys (which want high stock sizes 
and status). This is the major issue the current assessment is confronting. Another acoustic-visual survey 
data point could help resolve how much uncertainty there is in the estimate. The lack of contrast in the 
length composition data, despite large sample sizes, is another barrier to interpreting the current conditions, 
as lengths drive the model to a lower stock status, while the ages push it to higher stock status, but not as 
high as the acoustic-visual survey would have it.

Scientific Uncertainty
The model-estimated uncertainty around the 2023 spawning output was 𝜎 = 0.14 and the uncertainty around 
the OFL was 𝜎 = 0.12. This is clearly an underestimate of overall uncertainty because of the necessity to fix 
some life history parameters such as natural mortality and steepness, as well as a lack of explicit incorporation 
of model structural uncertainty. The alternative states of nature used to bracket uncertainty in the decision 
table assist with encapsulating model structure uncertainty.
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Harvest Projections and Decision Table
The Black Rockfish assessment is being considered as a category 1 assessment with a 𝑃 ∗ = 0.45, sigma = 
0.50, and a time-varying buffer applied to the OFL. These multipliers are also combined with the rockfish 
MSY proxy of FSPR=50% MSY and the 40-10 harvest control rule to calculate OFLs, ABCs and ACLs. A 
twelve year (2023-2034) projection of the reference model using these specifications along with input removals 
for 2023 and 2024 provided by the Groundfish Management Team is provided in Table vii.

Table vii: Projections of potential OFLs (mt), ABCs (mt), estimated spawning output, and fraction unfished.

 Year Pre- ABC Age 0+ Spawn- Fraction 
dicted Catch Biomass ing Unfished
OFL (mt) (mt) Output 
(mt) (millions 

of eggs)

 2023 396.25 511.90 6048.92 674.10 0.45
 2024 377.20 511.90 5937.85 636.22 0.43
 2025 367.50 343.62 5864.16 599.32 0.40
 2026 377.12 350.50 5972.50 594.94 0.40
 2027 388.43 359.69 6076.42 598.93 0.40
 2028 398.84 367.73 6166.09 608.46 0.41
 2029 407.21 373.42 6239.34 620.64 0.42
 2030 413.35 377.39 6298.21 633.25 0.42
 2031 417.56 379.56 6345.78 644.79 0.43
 2032 420.45 380.09 6385.75 654.61 0.44
 2033 422.65 380.39 6421.52 662.72 0.44
 2034 424.56 380.41 6454.65 669.40 0.45

Uncertainty in management quantities for the reference model was characterized by exploring various model 
specifications in a decision table. Initial explorations considered alternative specifications of catchability 
for the acoustic-visual survey and well as weighting of the biological data. The final states of nature were 
defined as follows: the high state of nature was the pre-STAR reference model that assume the q on the 
acoustic-visual survey is 1.82, the highest value deemed reasonable by the acoustic survey team; the low state 
of nature assumes q = 1 for the acoustic-visual survey, but allows the large CV (45%) on the index, thus 
allowing the length composition data to drive the model to a lower scale and stock status. The catch rows 
assume P* values of 0.45 and 0.4, then a constant catch using the yield at FSPR=0.5. The resultant decision 
table is provided in Table viii.
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Table viii: Decision table summary of 10 year projections beginning in 2023 for alternative states of nature 
based on an axis of uncertainty related to model structure relative to the reference model. Columns range 
over low (12.5 quantile), mid (reference model), and high states (87.5 quantile) of nature and rows range over 
different catch level assumptions. The first two years are fixed based on the current harvest specifications.

 Est. AV ln(q)  Reference Model  AV ln(q)=1.82

Year Catch Spawning Fraction 
Output Unfished

Spawning Fraction 
Output Unfished

Spawning Fraction 
Output Unfished

 P*=0.4
 sigma=0.5

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

512
512
321
327
335
342
347
350
352
352
351
347

426
403
378
383
393
407
421
436
448
459
468
475

0.33
0.31
0.29
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37

674
636
599
598
605
618
634
650
665
678
689
698

0.45
0.43
0.40
0.40
0.41
0.41
0.43
0.44
0.45
0.45
0.46
0.47

907
896
875
877
881
885
890
896
901
906
910
914

0.56
0.55
0.54
0.54
0.54
0.55
0.55
0.55
0.56
0.56
0.56
0.57

 P*=0.45
 sigma=0.5

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

512
512
344
350
360
368
373
377
380
380
380
380

426
403
378
379
385
395
407
419
429
438
445
451

0.33
0.31
0.29
0.29
0.30
0.30
0.31
0.32
0.33
0.34
0.34
0.35

674
636
599
595
599
608
621
633
645
655
663
669

0.45
0.43
0.40
0.40
0.40
0.41
0.42
0.42
0.43
0.44
0.44
0.45

907
896
875
872
871
872
874
877
880
883
886
889

0.56
0.55
0.54
0.54
0.54
0.54
0.54
0.54
0.54
0.55
0.55
0.55

 Equilibrium
 yield from
 FMSY proxy
 of SPR=0.5

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

512
512
422
422
422
422
422
422
422
422
422
422

426
403
378
372
372
376
383
390
396
402
406
409

0.33
0.31
0.29
0.29
0.29
0.29
0.29
0.30
0.30
0.31
0.31
0.31

674
614
556
540
535
538
546
555
565
574
581
586

0.45
0.41
0.37
0.36
0.36
0.36
0.37
0.37
0.38
0.39
0.39
0.39

907
896
875
865
856
850
847
845
844
844
844
844

0.56
0.55
0.54
0.53
0.53
0.53
0.52
0.52
0.52
0.52
0.52
0.52
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Research and Data Needs
Recommended avenues for research to help improve future Black Rockfish stock assessments are listed below 
(in no particular order). Responses to research and data needs identified in the last assessment can be found 
in Section 4.7.

1. Continue work on the investigation into the movement, and behavior or mortality of older (> age 10) 
females to further reconcile their absence in fisheries data.

2. Conduct population genetics studies on fish observed off of the continental shelf (middle of the gyre 
and at sea mounts) to determine their association with the nearshore stocks.

3. Continue to build evidence for appropriate natural mortality values for females and males.
4. Improved historical catch reconstructions. Specifically, the historic trawl fishery catches (pre-1987) in 

particular require particular attention. A synoptic catch reconstruction is recommended, where states 
work together to resolve cross-boundary state catch issues as well as standardize the approach to catch 
recommendations to the extent possible.

5. Stock structure for black rockfish is a complicated topic that needs further analysis. How this is 
determined (e.g., exploitation history, genetics, life history variability, biogeography, etc.) and what 
this means for management units needs to be further refined. This is a general issue for all nearshore 
stocks that likely have significant and small scale stock structure among and within states, but limited 
data collections to support small-scale management.

6. Continue acoustic-visual fisheries independent coastwide survey to develop a time series. Further refine 
the survey by addressing the recommendations of the SSC methodology review from 2022. Examine 
the potential of using spatial modeling to reduce the uncertainty in the population estimates from the 
acoustic-visual fisheries independent coastwide survey. The STAR panel suggested the survey team 
focus on improving the survey estimates by a) obtaining a target strength estimate for black rockfish, 
and b) developing a method for in-situ transducer calibration.

7. Reconcile contradictory signal in the Black Rockfish biology versus the population scale.
8. Better understand the ecology and habitats of Black Rockfish from settlement to age 4. Further 

development of surveys aimed specifically at recruitment or settlement rates of nearshore species, such 
as OSU’s SMURF collections, that are not frequently encountered in offshore federal age-0 surveys is 
needed.

9. Consider additional capacities in Stock Synthesis to model marine reserves (i.e., closed to fishing) and 
areas that are open to fishing.

10. Simulation analyses or make a standard sensitivity exploration to examine circumstances in which 
options for treatment sex data for composition data are preferable under Option 1 or 2 treating them as 
separate or Option 3 treating them as combined and preserving sex ratio within samples. Such studies 
should aim to provide criteria for their application to inform guidance in the PFMC’s Groundfish 
Terms of Reference and Accepted Practices documents.

11. Develop and evaluate using the acoustic visual survey data to develop an informative prior for the PIT 
tag survey.

12. Continue to collect functional maturity information and evaluate the role of geography, environmental 
forcing, and density dependence on functional maturity estimates for black rockfish.
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1 Introduction
This assessment report describes the stock of Black Rockfish (Sebastes melanops) off the Oregon coast in 
U.S. waters, using data through 2022. The stocks of Black Rockfish in Washington, Oregon, and California 
waters are each modeled as separate stocks with the population estimates reported in state-specific assessment 
reports (Figure 1). This assessment does not account for populations located in other areas off the U.S. 
West Coast and assumes that California and Washington populations do not contribute to nor take from the 
Oregon population being assessed here.

1.1 Basic Information
Black Rockfish (Sebastes melanops) are an important component of the recreational fisheries in the nearshore 
waters off central and northern California, Oregon, and Washington, as well as the non-trawl commercial 
fisheries in California and Oregon. They range as far north as Amchitka and Kodiak islands in Alaska and 
are considered uncommon south of central California (Love et al. 2002).

An early assessment of Black Rockfish considered the population off Oregon and California (Ralston and 
Dick 2003). This assessment reviewed the evidence supporting genetic stock structure for Black Rockfish and 
other rockfish off the U.S. West Coast. This work concluded that the Oregon and California populations of 
Black Rockfish are probably not genetically heterogeneous. That assessment treated the Black Rockfish off 
California and Oregon as a unit stock. Previous assessments of Black Rockfish off Washington (Wallace et al. 
1999; Wallace and Tsou 2007) describe a study of coastal Black Rockfish genetic structure using 10 sampled 
sites collected from northern California to southern British Columbia. Results of that study supported the 
notion of separate genetic stocks north and south of Cape Falcon, Oregon. However, a later study (Baker 
1999) using Black Rockfish collected from eight sites along the northern Oregon coast concluded that Black 
Rockfish from north and south of Cape Falcon were genetically very similar.

Although a stock boundary line at the Columbia River seems reasonable for Black Rockfish, both because it 
is a state fishery management boundary and because the Columbia River plume is likely to be somewhat of 
a natural barrier (impediment) to the north-south exchange of Black Rockfish adults and larvae, the 2007 
assessment of Black Rockfish off Oregon and California (Sampson 2007) differed slightly from Ralston and 
Dick (2003) by placing the northern boundary at Cape Falcon rather than at the Columbia River. The 
boundary was changed to avoid overlap with the separate northern assessment (Wallace and Tsou 2007) 
and to simplify the process of assembling historical commercial landings data, which are largely available in 
terms of Pacific Marine Fisheries Commission (PMFC) statistical areas. Given the spatial resolution of the 
historical commercial fishery data, it is problematic to estimate the catch of Black Rockfish taken north of 
Cape Falcon but south of the Columbia River. Addressing the spatial distribution of the catch around the 
OR-WA state boundary was a major focus of both the 2015 Black Rockfish assessment (Cope et al. 2016) 
and the current assessment.

The 2015 Black Rockfish assessment delineated the stock at state borders and three models were used to 
estimate a coastwide stock status (Cope et al. 2016). This approach was considered consistent with two 
ideas: (a) that nearshore species do not exhibit much adult movement and (b) exploitation and management 
histories have varied significantly among the three states. This stratification was maintained in the current 
assessment and this document addresses the portion of the Black Rockfish stock in Oregon waters.
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In Oregon, accounting for location of capture is problematic for historic commercially caught fish, primarily 
for trawl gear types, which was the predominant gear type during the 1940s to 1970s. For state-specific 
regional assessments the commercially caught Black Rockfish were apportioned to assessment region based 
on the port of landing, with the exception of trawl caught fish landed into Astoria, OR. Most of these fish 
were found to have been caught off Washington and most of the trawl landings into Astoria were therefore 
included with the catch history for the Washington assessment region. This approach was refined in the 
current assessment to allow for state-specific species compositions to be applied to aggregated trawl landings. 
Details are provided in Section 2.1.1 Commercial Landings and Discards.

1.2 Life History
Adult Black Rockfish tend to school over rocky structure at depths less than 40 fathoms, and sometimes feed 
actively on or near the surface. They feed on a wide variety of prey including zooplankton, krill, mysids, sand 
lance, and juvenile rockfish, and are subject to predation by Lingcod and marine mammals (Love et al. 2002).

Although tagging studies have documented some individuals moving long distances (several hundreds of 
miles), the vast majority of recaptured individuals were found close to the areas of initial capture and tagging 
(Culver 1987; Ayres 1988; Starr and Green 2007; Wallace et al. 2010). Results from a 2004-05 study off 
Newport, OR of 42 Black Rockfish implanted with acoustic tags indicated that all but seven fish remained 
within range of a 3 x 5 km array of acoustic receivers during one full year of monitoring and had relatively 
small home ranges that did not vary seasonally (Parker et al. 1995). Green and Starr (2011) report similar 
findings from a study in Carmel Bay, CA of 23 acoustically tagged small Black Rockfish. An extensive 
Washington state tagging study also supported low movements for most individuals, with some exceptional 
movements recorded (Wallace et al. 2010).

Like all members of the genus Sebastes, Black Rockfish have internal fertilization and bear live young 
approximately two months after insemination. Black Rockfish are quite fecund, with a six-year-old female 
annually producing about 300,000 embryos and a 16-year-old producing about 950,000 embryos (Bobko and 
Berkeley 2004a). Recent studies have demonstrated that the relative number and quality of larvae increase 
with age in female Black Rockfish (Berkeley et al. 2004; Hixon et al. 2014a). Parturition of larvae occurs 
during winter (Echeverria 1987) and larvae and small juveniles are pelagic for several months to a year 
(Boehlert and Yoklavich 1983). Settlement occurs in estuaries, tide-pools, and in the nearshore at depths less 
than 20 m (Stein and Hassler 1989).

Black Rockfish begin recruiting to nearshore fisheries at three to four years of age, corresponding to a fork 
length of about 25-30 cm, and 50% of females attain maturity at about six to eight years, corresponding to a 
fork length of about 38-42 cm. Adult female Black Rockfish grow three to five cm larger than males, with a 
few females attaining fork lengths greater than 55 cm.

1.3 Ecosystem Considerations
Black Rockfish act as both a major predator (adult stage) and prey (larvae to juvenile stages) in mostly 
nearshore areas. The California Current is a highly variable and dynamic system, and it has been recognized 
for years that rockfishes are subject to large swings in recruitment that are tied to environmental conditions. 
It is believed to be one of the reasons rockfishes exhibit long lives and the ability to go years without significant 
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recruitment, but can produce large recruitment events when conditions are favorable (a phenomenon known 
as the “storage effect”).

Black Rockfish off central Oregon have recently been shown to exhibit changes in larval and juvenile growth 
rates that correlate with prey abundance and water temperature, to name just a few of the factors (Fennie et 
al. 2023). Temporal settlement rates exhibit a dome-shaped relationship, demonstrating a “window” of good 
growth conditions for successful settlement. Black Rockfish mature at a relatively young age. This assessment 
uses a functional maturity relationship, updated from the previous assessment that used a biological maturity 
relationship.

No formal (e.g., inclusion of environmental indices) ecosystem considerations have been made given the lack 
of data for such an undertaking. McClure et al. (2023) report the climate vulnerability for several west coast 
groundfishes, including Black Rockfish. Black Rockfish demonstrated both high biological sensitivity and high 
climate exposure risk, to give it an overall high vulnerability score to climate change. This result should also 
be considered with the fact that like many rockfishes, periods of low productivity are not unusual to Black 
Rockfish and their extended longevity has historically allowed them to wait for advantageous productivity 
periods. Additional stressors such as fishing and climate change that possibly truncate longevity could bring 
significant challenges to population sustainability.

1.4 Historical and Current Fishery Information
Black Rockfish are harvested by a wide variety of fishing methods including trawling, trolling, and hook-
and-line fishing with jigs and longlines. In Oregon, Black Rockfish are a major component of the nearshore 
fixed gear groundfish fishery, known as the “live-fish” fishery, and as incidental catch in the troll fishery for 
salmon and groundfishes. Historically, Black Rockfish was a common, though more incidental, component of 
the trawl fishery. With the decline of salmon fishing opportunities in the 1980s and 1990s, Black Rockfish 
became a vital target of marine recreational fisheries in Oregon, especially during periods of restricted or 
slack fishing for salmon, halibut, and tuna.

Recreational harvest of Black Rockfish has become the dominant source of removals in Oregon. Since 1990, 
annual recreational harvests of Black Rockfish have averaged 315.1 tons off Oregon. Commercial annual 
harvests by non-trawl gear types during the same period averaged 127.9 mt. Harvests by trawl on average 
during this period have been less than 3 mt annually.

Removal histories have been a significant axis of uncertainty in the past assessments of Black Rockfish. A 
major task for the 2007 assessments of Black Rockfish was developing a plausible reconstruction of historical 
landings of Black Rockfish and exploring the consequences of those landings. A formal commercial catch 
reconstruction had been recently developed in Oregon (Karnowski et al. 2014) for the 2015 Black Rockfish 
assessment, but was subsequently modified to better delineate trawl landings in Oregon and Washington 
(Cope et al. 2016). This current assessment also utilizes a recent recreational catch reconstruction (Whitman 
2023).

1.5 Summary of Management History and Performance
Prior to 2000 the Pacific Fishery Management Council (PFMC or Council) managed the federal fishery for 
Black Rockfish as part of the Sebastes complex, with no separate Acceptable Biological Catch (ABC) or 
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Optimum Yield (OY) for Black Rockfish. Beginning in 2000, the Council established an ABC of 1,200 mt for 
Black Rockfish caught north of Cape Mendocino (in the Eureka, Columbia, and Vancouver INPFC statistical 
areas), but left Black Rockfish south of Cape Mendocino as part of the “other rockfish” category. Oregon 
Black Rockfish continued to be managed as a part of a complex following the 2003 and 2007 assessments, 
as these assessments combined the Oregon portion of the stock with California (Ralston and Dick 2003; 
Sampson 2007).

The 2015 Black Rockfish assessment split the stock into three units for modeling, including California, Oregon 
and Washington. This was the first time the Oregon Black Rockfish stock was assessed in isolation (Cope 
et al. 2016). Following the implementation of harvest specifications from this assessment, Oregon Black 
Rockfish were moved in 2017 for the purpose of management to the Oregon Black/Blue/Deacon complex, 
and management of Black Rockfish within this complex has continued since that time. The OFLs have not 
been exceeded since this complex was created. However, the Oregon-specific ABCs/ACLs were exceeded in 
2017 and in 2022 (Table 24).

Within Oregon, Black Rockfish are allocated to both the commercial and recreational fisheries. The primary 
commercial fishery for Black Rockfish is the nearshore live-fish fishery, which is managed as a year-round 
fishery with annual state harvest caps and two-month trip limits. The commercial nearshore fishery first 
developed as an open access fishery in the early 1990s and transitioned to a State limited-entry permit system 
in 2004. The commercial nearshore fleet is composed of small vessels that target shallow nearshore rocky reefs 
using mostly hook and line jig or bottom longline fishing gear. This fishery is referred to as the non-trawl 
fleet in this assessment.

As noted above, Black Rockfish is the predominant species in Oregon’s recreational fishery, which is managed 
using annual harvest guidelines, daily bag limits, and different types of spatial and temporal closures. Oregon 
had no recreational bag limits for marine fishes until 1976 when the state established a 25-fish limit. In 
1978 the state established a daily limit of 15 fish for each angler’s combined bag of rockfish, Cabezon and 
greenling, which stayed in effect until 1994 when the state established a ten-fish-per-angler daily bag limit 
specifically for Black Rockfish. Over time, the bag limits for marine species, of which Black Rockfish is the 
primary species, have gradually declined from ten in 2000 to four or five fish in recent years (2017 - 2022). 
In-season adjustments to regulations can be made more or less restrictive, depending on circumstances and 
the prospects for early attainment of annual harvest caps. The use of in-season spatial closures to regulate 
effort have become common as well. Seasonal depth restrictions (e.g., inside 30 fathoms April 1 to September 
30) are one tool used regularly in recent years to control the fishery, driven largely by the need to avoid 
bycatch of the primary rebuilding species, Canary Rockfish and Yelloweye Rockfish.

Some recent important regulations or management events include the following:

• 2000: Black Rockfish began to be managed by the Council as a minor nearshore species. Commercial 
trip limits were significantly reduced, with specific restrictions applying to Black Rockfish.

• 2002: Oregon adopted an Interim Nearshore Fishery Management Plan in anticipation of increased 
pressure on nearshore stocks due to reduced fishing opportunities for groundfishes in federal waters. 
Regulations included fishing-sector specific caps on retained harvests, set approximately at the levels 
attained in 2000.
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• 2003: The Council established Rockfish Conservation Areas to control catches of overfished rockfish 
species, and large portions of the shelf were closed to fishing. Differential trip limits were applied north 
and south of a management boundary at 40°10’ N. latitude for nearshore Sebastes species. Nearshore 
permittees in Oregon became subject to depth restrictions consistent with the shoreward non-trawl 
RCA boundary.

• 2004: The Oregon nearshore commercial fishery became a limited-entry permit system. Trip limits 
were established. The sport fishery in Oregon closed in September 2004 due to early attainment of the 
state’s limit for sport-caught Black Rockfish. This was the first time that the sport rockfish fishery in 
Oregon had not been open all year.

• 2005: The recreational fishery in Oregon closed early.
• 2007: Black/Blue rockfish harvest cap was attained early and the nearshore commercial fishery closed 

for remainder of year.
• 2017: The recreational fishery in Oregon closed early.

1.6 Canadian and Alaska Fisheries
Black Rockfish is one of multiple Inshore Rockfish species on the West Coast of British Columbia. The most 
recent evaluation was completed by Yamanaka and Lacko (2001), which determined that there was insufficient 
information to recommend a Black Rockfish-specific catch quotas for the five management areas on the 
Pacific coast of British Columbia. Black Rockfish continues to be a “Non-Quota” species in the Department 
of Fisheries and Oceans Management Plan (Fisheries and Canada 2014).

Directed fisheries for Black Rockfish in Alaska are limited. In the Westward region (Kodiak area) of Alaska, 
an acoustic visual survey has been the primary management tool used to determine population size. An 
age-structured assessment for Black Rockfish is under development by the Alaska Department of Fish and 
Game that will use the data from this acoustic visual survey as the primary data source. Assessments are 
also under development for Black Rockfish for the Southeast or Central regions in the Gulf of Alaska.

2 Data and Model Inputs
A description of each data source is provided below (Figure 2), including removals (Figure 3), indices, and 
biological compositions.

2.1 Removals

2.1.1 Commercial Landings and Discards

Commercial landings and discards by fleet are shown in Table 1.

2.1.1.1 Background The previous Black Rockfish assessment (Cope et al. (2016)) used a number of 
sources of information to most accurately compile commercial catches of Black Rockfish. A comprehensive 
historical commercial catch reconstruction (Karnowski et al. (2014)) had just been completed prior to the 2015 
Black Rockfish assessment that provided gear-specific landings starting in 1892, but ODFW staff noted high 
year to year variability and unreasonably high magnitude in Black Rockfish trawl landings, primarily from the 
port of Astoria on the northern border with Washington and during the early years of the development of the 
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trawl fishery (approximately 1940s – 1980s). Further, the Karnowski reconstruction did not account for fish 
captured outside of Oregon waters but landed in Oregon, as is the case with the majority of trawl landings 
for Black Rockfish in Astoria. As an alternative to the Karnowski reconstruction, ODFW reconstructed 
rockfish trawl landings in PFMC Area 3A, which includes both Oregon and Washington fishing grounds. 
These rockfish category landings utilized data sources with finer spatial delineation to separate landings 
among PFMC areas in Oregon than were used in the comprehensive reconstruction (Karnowski et al. (2014)). 
These include: FSUS reports for the Columbia River district (1940 – 1955), PFMC reports for Area 3A (1956 
– 1977), ODFW estimated Astoria trawl landings documented in ODFW Marine Program data series report 
(Douglas (1998); 1978 – 1982) and ODFW landing receipts from Astoria (1983 – 1986). To separate Black 
Rockfish from rockfish market category landings in 3A, an aggregated proportion of Black Rockfish were 
used from trawl-specific species compositions available in Douglas (1998). From 1940 to 1975, an aggregated 
proportion from 1963 – 1975 was applied to rockfish landings (14.1%) and for 1976 – 1986, an aggregated 
proportion from 1976 – 1986 was used (6.8%). Finally, Black Rockfish in 3A were apportioned north and south 
of the OR-WA border using ODFW species composition data that provide the state area of the catch. This 
resulted in 98.6% of 3A Black Rockfish apportioned to WA during 1940 – 1986 in the previous assessment.

2.1.1.2 Current Methodology: Trawl Landings (1892 - 2022) While the above methodology 
was acceptable for the 2015 Black Rockfish assessment, there was a desire for a more equitable approach 
between Oregon and Washington for the current assessment. To that end, ODFW provided reconstructed 
3A rockfish category level landings to WDFW staff that were apportioned north and south of the OR-WA 
border using the above methodology for 1940 - 1986. This allowed each state to utilize a separate approach 
to delineate Black Rockfish-specific landings.

For Oregon-specific trawl 3A landings, the previous aggregated proportion of Black Rockfish were applied to 
the apportioned 3A rockfish landings (14.1% for 1940 – 1975 and 6.8% from 1976 – 1986). There are no other 
sources of information on historic trawl rockfish compositions and aggregating data across years increases 
available samples, though it does assume that compositions do not vary widely across time. This approach 
best utilizes the available species composition data from this time period. These 3A Black Rockfish landings 
were added to the reconstructed landings using an identical methodology for the other Oregon PFMC areas 
(2A, 2B and 2C) developed for the previous assessment for the complete trawl landings during the historical 
time period.

Trawl landings for Black Rockfish from 1892 – 1939 and from 1987 forward were not included in the 
reconstruction for the previous assessment. These values are available from the Karnowski reconstruction 
(Karnowski et al. (2014)) for 1892 – 1939 and are identical to those used in the 2015 assessment. From 1987 
- 2022, landings for Black Rockfish were obtained from PacFIN (accessed March 9, 2023). In addition to 
PacFIN landings, ODFW also reconstructed the URCK and POP categories in PacFIN from 1987 – 1999 
(ODFW (2017)). This reconstruction was not available for the previous assessment. Black Rockfish landings 
from the URCK/POP reconstruction were added to the PacFIN Black Rockfish landings for a complete 
removal history during this time period.

2.1.1.3 Current Methodology: Non-Trawl Landings (1892 - 2022) Non-trawl landings 
were obtained from ODFW and PacFIN, depending on the time period. Non-trawl landings from 1892 – 
1986 era available from the Karnowski reconstruction (Karnowski et al. (2014)) and are identical to the 2015 
assessment. Again, a combination of ODFW’s URCK/POP reconstruction (ODFW (2017)) and PacFIN 

6



landings were used to estimate landings from 1987 – 1999. From 2000 – 2022, PacFIN landings were used 
exclusively.

2.1.1.4 Commercial discards The West Coast Groundfish Observer Program (WCGOP) has moni-
tored discards and landings coastwide to provide total catch mortality by species or species group since 2002. 
WCGOP estimates of Black Rockfish discards from 2002 - 2021 were used in this assessment to account for 
commercial discard mortality (obtained March 30, 2023). Fleet-specific rates were obtained by averaging the 
annual rate of discarded fish to the total mortality and this rate was applied to annual estimates of catch for 
each fleet. Trawl discard rates averaged 4.1% but were highly variable during this time period. Non-trawl 
discard rates averaged 0.9%.

2.1.1.5 Foreign Fishery Catches of Black Rockfish Rogers (2003) developed catch reconstruc-
tions for removals by foreign trawlers operating off the U.S. West Coast during the late 1960s to mid-1970s. 
Although this study reports that Japanese vessels operating in the Columbia and Eureka statistical areas 
(Oregon and northern California) caught substantial amounts of Black Rockfish, with cumulative catches of 
more than 500 mt over 10 years, it seems very unlikely that foreign vessels could have operated sufficiently 
close to shore to catch appreciable amounts of Black Rockfish. This assessment does not include Rogers’ 
estimates of foreign fleet removals of Black Rockfish, nor was it included in the previous assessment (Cope et 
al. (2016)).

2.1.2 Recreational Landings and Discards

Recreational landings and discards by fleet are shown in Table 1. Comparisons of the catch in each recreational 
fishery for the current and previous assessments are in Figure 23.

2.1.2.1 Historic Ocean Boat Landings and Discards (1973 - 2000) Recently, ODFW 
undertook an effort to comprehensively reconstruct all marine fish recreational ocean boat landings prior to 
2001 (Whitman (2023)). Reconstructed catch estimates from the Oregon Recreational Boat Survey (ORBS) 
improve upon estimates from the federal Marine Recreational Fisheries Statistical Survey (MRFSS), which 
have known biases related to effort estimation and sampling (Van Voorhees et al. (2000)) that resulted in 
catch estimates considered implausible by ODFW. However, the ORBS sample estimates are known to lack 
the comprehensive spatial and temporal coverage of MRFSS. Addressing this coverage issue is a major part 
of this reconstruction. In general, the base data and methodology for these reconstructed estimates are 
consistent with recent assessments for other nearshore species (Cope and Whitman (2021); Langseth et al. 
(2021); Taylor et al. (2021); Wetzel et al. (2021)).

Prior to 2001, ORBS monitored marine species in both multi-species categories, such as rockfish, flatfish, 
and other miscellaneous fishes, and as individual species, such as lingcod or halibut. For this comprehensive 
reconstruction, four species categories were selected to reconstruct, including rockfish, lingcod, flatfish and 
miscellaneous, which constitute the bulk of the managed marine fish species. Black Rockfish are a component 
of the rockfish species category.

Category-level estimates were expanded to account for gaps in sampling coverage in two separate pathways. 
First, estimates from five major ports were expanded to include unsampled winter months in years lacking 
complete coverage. Expansions were based on available year-round sampling data and excluded years where 
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regulations may have impacted the temporal distribution of catch. Second, all other minor port estimates 
were expanded to include seasonal estimates in years lacking any sampling based on the amount of minor 
port catch as compared to all major port estimates. A subset of landings were sampled by ORBS for species 
compositions within these categories. Once category-level landings were comprehensive in space and time, 
species compositions were applied for the three multi-species categories, including rockfish, flatfish and 
miscellaneous fish. Borrowing rules for species compositions were specific to the category and determined 
based on a series of regression tree analyses that detailed the importance of each domain (year, month, port 
and fishing mode) to variability in compositions.

Ocean boat estimates from 1979 – 2000 in numbers of fish of Black Rockfish from the above described methods 
were converted to biomass using biological samples from MRFSS. MRFSS biological data are available from 
1980 – 1989 and 1993 – 2000. An annual average weight was applied to the total annual number of fish 
to obtain an annual biomass estimate of the landings. Several years missing biological data (1979, 1990 – 
1992) were filled in using neighboring years or interpolation. MRFSS biological data were filtered for direct 
measured samples only. These landings in biomass were provided by ODFW and do not include an estimate 
of discarded fish. Landings during this time period average 309.9 mt and are of similar magnitude to the 
previous assessment (Cope et al. (2016)). Landings from 1973 to 1978 were initiated at zero in 1973 and 
ramped up to the initial biomass estimate from 1979. There are little to no data on recreational effort during 
the 1960s and early 1970s, but anecdotal evidence suggests the development of the ocean boat fishery was 
quite rapid during this time period (pers. comm., A. Whitman, ODFW). Bag limits in the recreational 
fishery during this time period (prior to 2001) are generally liberal and ODFW staff recommended that no 
additional mortality of discarded fish be included prior to 2001.

2.1.2.2 Modern Ocean Boat Landings and Discards (2001 - 2022) Recreational landings 
for ocean boat modes from 2001 – 2022 are available from RecFIN (accessed March 25, 2023). Both retained 
and discarded (released) estimates of mortality are included, though retained mortality contributes the 
vast majority to total mortality. Release mortality is estimated from angler-reported release rates and the 
application of discard mortality rates from the PFMC. The average proportion of Black Rockfish discarded 
was 0.92% from 2001 – 2022. From 2001 – 2022, total landings averaged 307.6mt, ranging from 198.7 to 458.6 
mt. In 2022, estimated ocean boat landings were 374.3 mt.

2.1.2.3 Shore and Estuary Boat Landings (1892 - 2022) ODFW provided reconstructed 
estimates of shore and estuary landings for Black Rockfish from 1892 – 2022, using methodology similar 
to recent assessments (Langseth et al. (2021); Taylor et al. (2021); Wetzel et al. (2021)). Data sources 
include MRFSS and the Oregon Shore and Estuary Boat Survey (SEBS). Numbers of fish were provided 
by MRFSS from 1980 – 1989 and 1993 – June 2003, and by SEBS from July 2003 – June 2005. An annual 
mode-specific average weight was applied to numbers of Black Rockfish from 1980 – 1989 and 1993 – 2005. 
Separate weights were calculated for shore and estuary boat modes, and excluded extreme outliers and 
imputed values. This reconstruction also applied two scaling factors to remove bias towards freshwater 
sampling and underestimation of estuary boats, as detailed in (Dick et al. 2018). To estimate Black Rockfish 
landings from July – December 2005, an expansion was developed using the three year average of the ratio 
between the first six months of the year and the total annual landings from MRFSS and SEBS landings from 
2002 - 2004. Separate expansions were developed for shore mode and estuary boat modes.

Unlike the ocean boat recreational fishery, which developed during the 1970s, it was assumed that some shore 
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and estuary fishing for Black Rockfish has occurred for many decades. As a result, the previous Black Rockfish 
assessment used fishing licenses to scale shore and estuary landings (Cope et al. (2016)). However, the link of 
Black Rockfish landings to fishing license sales is not well supported (pers. comm. A. Whitman, ODFW) and 
this assessment assumes a simple linear ramp from zero catch in 1892 to the estimated shore/estuary biomass 
of 28.1 mt in 1980, which produces a similar trajectory in catch to the previous assessment. The ODFW 
does not currently sample shore and estuary boat fishing trips, and so a ten year average landing (1996 – 
2005; 13.3 mt/year) was used to estimate shore and estuary boat landings during 2006 – 2022. Again, this 
methodology differed from the previous assessment and did not use fishing license sales to scale the removals 
but still produces a similar trajectory and magnitude of removals as the 2015 assessment shore/estuary 
removals. Shore and estuary boat landings for Black Rockfish are minor compared to recreational ocean boat 
removals but consistent. Shore and estuary boat landings average 17.2 mt annually from 1980 – 2003. To 
obtain an estimate of discarded fish for the shore and estuary fleet, the ocean boat proportion of discarded 
fish from RecFIN (0.92%; 2001 – 2022) was applied to the estimated shore and estuary landings during 2001 
– 2022. As with the ocean boat fleet, discard mortality was not estimated for shore and estuary landings 
prior to 2001, as bag limits were relatively high and discarding was assumed to be very limited.

As described above, recreational discard mortality for the ocean boat fleet was included from RecFIN from 
2001 - 2022. Based on these landings data, an average discard rate of 0.92% was applied to the shore and 
estuary boat fleet to account for discarded fish from 2001 - 2022. No recreational discards were accounted for 
prior to 2001, based on ODFW recommendation that bag limits for Black Rockfish were high and discards 
were likely extremely low. There are no data that can speak to discard rates in the recreational fishery prior 
to 2001.

2.2 Length and Age Composition Data
Fish length measurements, from both the commercial and recreational fisheries, are one of the major sources 
of data for this assessment. Length composition data from the commercial and recreational fisheries in 
Oregon were included, as were age composition data from the commercial and recreational fisheries in Oregon. 
ODFW Port Biologists collect biological data and samples from commercial fisheries coastwide. These data 
are available from PacFIN (accessed March 23, 2023) and were processed using the PacFIN Utilities package 
(https://github.com/pfmc-assessments/PacFIN.Utilities). The vast majority of commercial biological data 
are gender-specific.

For the recreational fleets, prior to 2001, the length composition data are from the MRFSS, which was a 
federally funded program operating beginning in 1980 that collects information on the marine sport fisheries. 
The MRFSS program includes an intercept survey in which sport anglers are interviewed as they return 
from fishing trips, and where samplers can identify and measure the retained catches. The MRFSS sampling 
is intended to cover all forms of marine recreational fishing, including shore-based activities from beaches, 
jetties, and piers. In contrast the ORBS program that operates only in Oregon interviews and samples anglers 
operating from boats. The MRFSS length data, which are housed in the RecFIN database, generally do 
not indicate the sex of individual fish that were measured. In 2001, MRFSS was discontinued and ORBS 
became the primary source of recreational marine biological data. Similarly, the length data collected by the 
ORBS program does not generally indicate gender. All recreational biological data are available on RecFIN 
(accessed March 25, 2023).
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2.2.1 Length Compositions

The length data for the assessment model were tabulated into 2-cm length bins ranging from 10 cm to 64 cm, 
with accumulator bins at each end.

The length composition data indicate some general differences among the fleets, with the trawl fisheries 
producing the largest fish, the ocean boat recreational fishery and the non-trawl fisheries producing fish of 
intermediate length and the shore fleet producing the smallest fish. There is little evidence in any of the 
length composition data of distinct modes or successions of modes from one year to the next that might 
represent strong year-classes.

2.2.1.1 Commercial These length data are from trawl and non-trawl fisheries from ports south of 
Astoria. The PacFIN dataset contains records for Oregon landings into Astoria; however, the majority 
of these samples are believed to have been caught in Washington waters and are used in the Washington 
model. Length composition data are reported in fork length. These data are expanded to reduce the effect of 
non-uniform sampling effort. The expansions are by weight, catch/sampled catch; first on a per-trip level, 
and then on a per-year, per-fishery level. The final sample size is the product of the two expansion factors, 
and have a minimum value of 1, and are capped at their 90th percentile value. The data were stratified by 
gender and fishery (Table 2). The final sample sizes were stratified and summed by length bin (10 cm to 60 
64 cm bins, 2 cm in width), and an input sample size is calculated based on a combination of trips and fish 
sampled (Table 4):

Input effN = 𝑁trips + 0.138 ∗ 𝑁fish if 𝑁fish/𝑁trips is < 44

Input effN = 7.06 ∗ 𝑁trips if 𝑁fish/𝑁trips is ≥ 44

A small number of unsexed fish were present in the data; as these did not represent a distinct length 
distribution, they were excluded from the model.

2.2.1.2 Recreational Recreational length samples were obtained from two primary sources: MRFSS 
and ORBS (available on RecFIN). ODFW special project sampling data were considered but given the high 
sample sizes available from standard sampling, these data were not utilized. From 1980 – 1989 and from 
1993 – 2000, the MRFSS program collected samples from both ocean and inland (estuary) areas (n = 46,656). 
ODFW provided MRFSS samples with the addition of a column that flagged length values imputed from 
weights to allow for selection of directly measured values (n = 32,130). From 1980 – 1989, total lengths (mm) 
were collected by MRFSS, which were converted to fork length. From 1993 – 2000, fork length (mm) was 
collected. Length samples from 2001 – 2022 from the ORBS sampling program are available on RecFIN (n = 
197,216). All ORBS samples are by fork length (mm). The vast majority (95.5%) of these samples are from 
ocean trips (n = 188,372). Table 3 details the number of length sizes by year and recreational fleet and Table 
4 shows the input sample sizes.

2.2.2 Age Compositions

The fishery data for the assessment model consisted of otolith age-readings, mostly from the recreational 
fishery (Table 5; Table 6). Age composition data were a subset of the length data, 41,212 records in total. 
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The age composition data for the assessment model were tabulated into 1-yr age bins from 1 to 40 years. For 
the data tabulation provided in this document, the accumulator bins were extended to compress and simplify 
display of the data.

The age composition data generally do not show much evidence of distinct year-classes that can be easily 
tracked from one year to the next, which suggests that that there is not much recruitment variability from 
year-to-year or that age-reading error is sufficient to mask the appearance of strong year-classes. Age-at-length 
compositions were not expanded; the final sample sizes were set to 1 before tallying. The ages were modeled 
as conditional age-at-length.

2.3 Mean Weights
Mean weights were used in the previous assessment (Cope et al. (2016)) but not developed for this assessment.

2.4 Fishery-Dependent Abundance Indices
Age and length composition data by themselves do not provide sufficient information to reliably determine 
trends in stock abundance and biomass. Most assessments of U.S. West Coast groundfish stocks rely on 
estimates of stock biomass from research trawl surveys to provide information on biomass trends, but Black 
Rockfish are very infrequently caught in any of the bottom trawl surveys, which have a limited coverage 
of shallow nearshore waters (none of the surveys have ever been conducted in waters shallower than 55 
m). Multiple fishery-dependent indices are available for these assessments that are based on commercial 
or recreational catch-per-unit-effort (CPUE; Table 7 and Figure 20). For the commercial non-trawl fleet, 
an index of abundance based on retained catch from logbook data from the coastwide live-fish fishery was 
updated. For the recreational ocean boat fleet, an index of abundance from MRFSS interview level data 
was developed for the previous assessment (Cope et al. (2016)), covering 1980 - 1989 and 1993 - 2000. A 
second index from ORBS dockside sampling was updated for this assessment (2001 - 2022). Finally, a third 
recreational ocean boat index based on the Oregon At-Sea charter observer program was updated for this 
assessment, but ultimately not used in the reference model.

2.4.1 Commercial Index of Abundance - Nearshore Fishery Logbook CPUE

Only one abundance index is available from the Oregon commercial fisheries, one derived from a nearshore 
logbook CPUE time-series from a fixed gear fleet that operates coastwide. The ODFW has required nearshore 
commercial fishers (both nearshore permitted vessels and open access vessels) to submit fishing logbooks since 
2004. Compliance is generally high, averaging around 80%, but has varied through time ranging from 65% 
in 2007 to greater than 90% in recent years. Although required to provide all requested information in the 
logbook per fishing gear set, there has been substantial variation in the quantity and quality of information 
reported in logbooks. The logbook database contains information on catch by species (number or pounds of 
retained and released fish), effort (hook hours), sample location (port), date, vessel, fishing depth, fishing 
gear, fishing permit, number of fishers, and harvest trip limits.

Logbook information went through multiple data quality filters to attain the best possible consistent and 
representative data set through time to estimate a relative abundance trend. Individual observations of catch 
and effort were at the trip level, where multi-set trips were aggregated to the trip level. CPUE was calculated 
for each trip, where total catch was defined as the total of all reported retained catch (in pounds) and total 
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effort was defined by hook-hours (number of hooks used multiplied by the number of hours fished). Previous 
iterations of this index utilized both released and retained fish; however, released fish were converted to 
weight by applying a median catch weight. This was deemed an unnecessary uncertainty for a Black Rockfish 
index, as few boats release substantial amounts of black rockfish. In general, data filters that were applied 
included eliminating records with missing or unrealistic values, including permitted trips using only hook and 
line jig gear from ports with appreciable data, and using only vessels that fished in at least three years over 
the logbook history. Vessel operators may have changed through time as the filter was tied to the vessel name 
only. Gear type was restricted to hook-and-line only (excluding longline gear) because this gear type accounts 
for the majority of trips for Black Rockfish (approximately 90.3% of unfiltered dataset). These filters are 
consistent with the most recent Black Rockfish assessment (Cope et al. (2016)) and, where applicable, other 
recent assessments that utilize the nearshore logbook index (Cope et al. (2019); Taylor et al. (2021)). In the 
final, filtered dataset, Black Rockfish are present at a high frequency (Table 8.

Covariates evaluated included year, month, port, depth, number of people onboard and the two-month Black 
Rockfish catch limit. A negative binomial model was fit to the trip-level data (catch with a log offset for 
hook hours). This full model was selected as the best fit model by AIC Table 9. However, when fit via MLE 
using the sdmTMB R package (version 0.3.0), this model had unacceptably large standard errors for the 
fixed parameters. Acceptable diagnostics were achieved by excluding the two-month trip limit covariate. The 
final model included all of the covariates of the full model with the exception of the two-month trip limit. 
The Q-Q plot indicated an acceptable fit to the data (Figure 4). The index of abundance and associated 
input standard errors are shown in Table 7.

2.4.2 Oregon Recreational Indices of Abundance

The three recreational fishery abundance indices available for the Oregon regional assessment are summarized 
in Table 7 and Figure 20. The sections below describe the underlying data and derivations of the indices.

2.4.2.1 MRFSS Dockside CPUE for Oregon, 1980 to 2000 This index was included in the 
2015 Black Rockfish assessment but not updated for this assessment. For the MRFSS data from Oregon, the 
logistic regression analysis to select likely Black Rockfish trips was based on data from 6,165 charter-boat 
trips and a suite of 23 species (excluding Black Rockfish). The analysis generally produced large positive 
coefficients for shallow-water species that one would expect to co-occur with Black Rockfish (e.g., copper 
rockfish and blue rockfish), and large negative coefficients for deep-water or pelagic species that one would 
not expect to co-occur with Black Rockfish (e.g., Pacific halibut and coho salmon). Those trips having an 
estimated probability of producing a Black Rockfish that exceeded the cut-off value of 0.758 were selected for 
the CPUE analysis.

This cut-off value was chosen to balance the false-positives against the false-negatives and resulted in some 
trips that were estimated to be false positives, where Black Rockfish were caught, but should not have been, 
given the other species caught during those trips. These probably represent trips that fished in multiple 
locations, and thus caught a mix of shallow- and deep-water species. The screening also resulted in the 
inclusion of trips (false negatives) that should have caught Black Rockfish (given the other species), but did 
not. A total of 5,261 trips were selected for the CPUE analysis.

The MRFSS dockside standardized CPUE index for Oregon (Table 7) was developed from the selected subset 
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of the catch and effort data using GLMs, with a binomial model to estimate the probability of catching 
at least one Black Rockfish and a gamma model to estimate the magnitude of the positive catches per 
angler-fishing-hour. In all cases, the structural models had three main effects for the factors Year, Wave 
(bimonthly period) and Region (southern versus northern OR), and there were no interaction terms.

The annual index values were derived as the product of two components: predicted values for the probability 
of catching a Black Rockfish during a trip, and predicted values for the number of Black Rockfish caught 
by an angler per hour of fishing, given that at least one Black Rockfish was caught. This CPUE index for 
Oregon has a high amount of inter-annual variation, particularly in the early part of the time-series. The 
index shows a fairly steady upward trend starting from 1987.

2.4.2.2 ORBS Dockside CPUE for Oregon, 2001 to 2022 Trip-level catch-per-unit-effort 
data from ORBS dockside sampling was obtained from ODFW. To mitigate the confounding of hourly effort 
associated with these trips with travel, the travel time was subtracted from the hours fished. Travel time was 
stratified by boat type (charter and private) and was calculated as boat type-specific speeds (13 mph for 
charter boat trips and 18 mph for private boat trips) multiplied by twice the distance between the port of 
origin and the reef that was fished. CPUE, expressed in terms of fish per angler-hour, was calculated by 
multiplying the number of anglers and the adjusted travel time. The database contains information on catch 
by species (number of retained fish), effort (angler hours), sample location (port where data were collected), 
date, bag limits and other relevant regulations, boat type (charter or private), and trip type (e.g., bottom 
associated fish).

The unfiltered data set contained 414,587 trips. Multiple standardized filters are applied to ORBS trip-level 
data to remove outliers and data unsuitable for an index. These filters include trips with incorrect interview 
times, which impact calculation of effort, unreasonably long or short trips, and retaining only bottomfish 
target trips. Further filters were utilized for fishing closures (i.e. temporal or spatial closures) and catches 
exceeding bag limits, which would presumably impact catch rates. An alternative configuration of the dataset 
included a binary variable to identify trips that hit the bag limit to include as a covariate, rather than a 
filtering criterion, and did not filter out trips that had reached the daily bag limit. Trips from several ports 
with extremely small sample sizes (<1% of total trips) were also excluded and finally, trips that met criteria 
for irrational effort reporting (i.e., implausible values) or extreme catch rates were excluded as well. The final 
dataset included 96,707 trips. The previous assessment only included trips onboard charter vessels (Cope et 
al. (2016)), but this filter was not retained for this updated index. Instead, boat type was evaluated as a 
covariate. In the final, filtered dataset, Black Rockfish are present at a high frequency (Table 10.

Covariates evaluated included year, month, port, the open depths to fishing (all depths or inside 20/30/40fm), 
boat type and the daily bag limit for Black Rockfish. A negative binomial model was fit to the trip-level 
data (catch with a log offset for adjusted angler hours). This full model was selected as the best fit model 
by AIC Table 11. However, when fit via MLE using the sdmTMB R package (version 0.3.0), this model 
did not converge. Acceptable diagnostics were achieved by excluding the bag limit covariate. An additional 
sdmTMB model was fit that used the alternative configuration of the dataset, and included all of the full 
model covariates but replaced the bag limit covariate with the binary variable of whether the bag limit was 
reached on the trip. While acceptable diagnostics were achieved with the alternative full model, there was 
little effect on the resultant index and for parsimony, the final model included all of the covariates of the 
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original full model with the exception of the daily bag limit. The Q-Q plot indicated an acceptable fit to the 
data (Figure 5). The index of abundance and associated input standard errors are shown in Table 7.

2.4.2.3 On-Board Observer CPUE for Oregon, 2001 and 2003 to 2022 Drift-level catch-
per-unit-effort data from ORBS at-sea charter observer sampling program was obtained from ODFW. The 
database contains information on catch by species (number of retained and released fish), effort (angler hours), 
sample depth, and bag limits and other relevant regulations.

The unfiltered data set contained 12,344 drifts. Multiple standardized filters are applied to the drift level 
data to remove outliers and data unsuitable for an index. These filters were co-developed with SWFSC 
staff (Monk et al. (2013)). These filters include drifts without data needed for CPUE information, long 
drifts (below 95th quantile), drifts in deeper waters (less than 64fm, 99th quantile), drifts that were targeting 
primarily mid-water species, and drifts outside of the legal fishing depth (with a five fm buffer). Additionally, 
drifts with recreational longleader gear were removed, as Black Rockfish is not a legal longleader species in 
Oregon, and years with less than 100 samples were also removed. This included 2020 and 2021, during which 
the COVID-19 pandemic dramatically limited the ability to sample onboard charter vessels. Finally, drifts 
onboard charters from Port Orford were removed due to small sample sizes.

Covariates evaluated included year, month (or two-month wave), port, the open depths to fishing (all depths 
or inside 20/30/40fm), and a 10fm-binned depth of drift covariate. A negative binomial model was fit to 
the drift-level data (catch with a log offset for adjusted angler hours). A model without the open fishing 
depths was selected as the best fit model by AIC Table 12. However, when fit via MLE using the sdmTMB 
R package (version 0.3.0), the QQ plot indicated heavily skewed data and acceptable diagnostics were not 
achieved for any model explored. As a result, and given an alternative recreational ocean boat index with 
much larger sample sizes overall (ORBS), this index was not recommended for use in this assessment and 
subsequently not included in the reference model.

2.5 Fishery-Independent Data

2.5.1 Abundance Indices

The three fishery-independent abundance indices available for the Oregon regional assessment are summarized 
in Table 7 and Figure 20. The sections below describe the underlying data and derivations of the indices.

2.5.1.1 Tagging Study Estimates of Abundance off Newport, OR, 2002 to 2014 Details 
of the tagging study are available in Krutzikowsky et al. (2019) and the implementation in the last stock 
assessment in Cope et al. (2016). Briefly, in a study that started in 2002 and concluded in 2014, the ODFW 
used Passive Integrated Transponder (PIT) tags to mark 2,500 to 4,000 black rockfish annually off Newport, 
OR. Marked fish were recovered from recreational fishery landings, with sampling focused on the charter 
vessel fleet. Approximately 80% of the annual landings were sampled for marked fish, resulting in the recovery 
of 3,263 marked fish to date.

The multi-stage mark-recovery model used to estimate annual survival and recovery rates for the black rockfish 
population off Newport was similar to “Model 0”, as described in Brownie et al. (1985), except that the 
recovery rates after the initial year at liberty were held constant. This particular tagging model configuration 
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was selected because it provided a better AIC score than other models that were evaluated. It allows direct 
(first-year) recovery rates to differ from recovery rates of previously marked cohorts, which appeared to be 
the case in the black rockfish mark-recovery data. Model 0 parameters were then used to calculate annual 
exploitation rates, which were then applied to the annual landings to estimate annual abundance.

The basic approach is to estimate the numbers of fish from the equation 𝑁𝑦 = 𝐶𝑦/𝑢𝑦, where 𝐶𝑦 is the 
catch (in numbers of fish) in yeary, 𝑁𝑦 is the population abundance at the start of the year, and 𝑢𝑦 is the 
exploitation rate. As in Cope et al. (2016), 𝑢𝑦 can be estimated from the ratio of the estimated recovery rate 
( ̂𝑓𝑦) times 𝐶𝑦 divided by the number of fish sampled for marks (𝑐𝑠𝑦). The 𝐶𝑦 appearing in the numerator of 
the equation for 𝑁𝑦 cancels with the 𝐶𝑦 in the numerator of the equation for ̂𝑢𝑦, leaving as the following 
estimator for ̂𝑁𝑦 = 𝑐𝑠𝑦/ ̂𝑢𝑦. Note that 𝑐𝑠𝑦 is the number of fish checked for marks, which is known without 
error in this study. Approximate estimates of variance for the ̂𝑁𝑦 values were derived from the delta method.

𝑣𝑎𝑟[ ̂𝑁𝑦] ≈ [(𝑐𝑠𝑦)2/( ̂𝑓𝑦)4] ∗ 𝑣𝑎𝑟[ ̂𝑓𝑦]

2.5.1.1.1 Spatial Coverage of the Oregon Tagging Study off Newport One feature of the 
2015 Oregon assessment model that is somewhat unique is the use of a prior probability distribution for 
the catchability parameter associated with the tagging study estimates of abundance of exploitable Black 
Rockfish off Newport. The analysis of habitat area coupled with CPUE fish densities indicates that on 
average 12.7% of the exploitable portion of the Black Rockfish population off Oregon reside in the waters off 
Newport. The lognormal prior distribution was assumed to have a standard deviation of 0.5, which is more 
than double the between-port variability calculated from the available CPUE data (CV=0.157). Although 
trip-level variability in CPUE is typically much larger than 50%, most of the variation in CPUE is due to 
variability in catchability rather variability in the abundance of the fish. A history of how this prior was 
established is available in Cope et al. (2016).

2.5.1.2 Nearshore Acoustic-Visual Survey Oregon conducted the first statewide combined 
acoustic-visual survey of nearshore semi-pelagic rockfish in 2021 (Rasmuson et al. 2022a). This survey was 
reviewed by the Pacific Fisheries Management Council’s (PFMC) Scientific and Statistical Committee (SSC) 
with assistance from acoustic experts provided by the Center for Independent Experts. The survey was 
endorsed for use in stock assessments by the SSC in 2022. The complete report submitted for the methodology 
review, the reviews and the responses to review edits can be found at the Oregon Nearshore Semi-Pelagic 
Rockfish Survey website (hyperlink). Additional background details on survey design, data processing, and 
analyses can be found Rasmuson et al. (2022b) and Rasmuson et al. (2022c). Prior to implementation at 
the state level, an independent validation of survey methodology was conducted by applying the acoustic 
visual survey method to estimate the Black Rockfish population in the PIT tagging study area off Newport 
(Rasmuson et al. 2022c). In this validation, the PIT tagging and acoustic visual survey methods provided 
comparable results. A brief overview of the acoustic visual survey design and the analysis of acoustic data 
are provided below.

Survey sampling was designed using a systematic sampling layout with parallel transects. Parallel (perpen-
dicular to the north south axis) transects were evenly spaced in Oregon, starting from the Washington border 
in the north extending to the California border in the south, after random selection of the location for the 
most northerly transect. Transects were identified as “full” (spaced every 15 km and extending from the 
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80 m contour shoreward to the surf zone, ~0 m contour) and “rock” transects (spaced every 1 km where 
“hard” bottom habitat had previously been identified; see Rasmuson et al. (2022a)). The length of each rock 
transect was equal to the east to west length of each hard habitat cluster plus a 0.5 km buffer applied around 
the cluster.

The primary survey vessel was the RV Pacific Surveyor, a 17 m retired commercial fishing vessel converted 
for research purposes. The secondary vessel, used for shallow water applications, was the RV Arima, a 4.9 m 
recreational fishing vessel converted for nearshore research in depths shallower than the primary vessel could 
achieve. Acoustic data were collected using two downward-facing, pole-mounted transducers (BioSonics DT-X 
split beam Scientific Echosounders: 38 and 201 kHz). Acoustic data were informed using video collected with 
the Benthically Anchored Suspended Stereo Camera (BASSCam). Video deployment locations were selected 
in situ by the scientist monitoring the acoustic data in real-time. Previous work demonstrated that when 
dropped in schools of fish there was no attraction or repulsion of the fish (Rasmuson et al. 2022c). Twice 
daily hook and line sampling was also conducted to provide length weight relationships and length at age 
relationships.

A linked online map of the survey is available showing locations of all sampling events. A total of 595 
acoustic transects were conducted and paired with 496 video drops and 48 fishing stations from 1 August to 
9 September 2001. A total of 35,839 fish were identified in the video and 869 fish captured using hook and 
line. Acoustic target-strength to length conversions were conducted using an aggregate of all video data from 
the survey. Video drops conducted >50 m from acoustically observed fish were used to predict how many fish 
were missed by the acoustics. Fish counts were converted to biomass using the length-weight relationship 
from the hook and line data.

Acoustic data were analyzed using both echo integration and echo counting. Prior to analysis data were 
filtered for motion, attenuated signals and impulse, transient and background noise in order to reduce bias. 
Echo integration conversions were done using a combination of target-strength length relationships from the 
literature (following recommendations from the PFMC SSC methodology review). Acoustic data within 1 m 
of the bottom (acoustic exclusion zone) were corrected for by averaging the data directly above the deadzone 
into the deadzone. Previous work with an ROV and the BASSCam showed that this was an accurate way to 
correct for schools missed by the acoustics (Rasmuson et al. 2022c). Schools of fish were observed over rocky 
habitats at all of the major nearshore reefs. Additional small patch reefs were also observed interspersed 
throughout the survey area.

A simple design-based population abundance estimate was generated by averaging the echo integration density 
of the acoustics in each habitat type (rock, gravel and sand) and multiplying it by the total area of each 
of those habitat types in three area-based strata (North, Central, and South) spanning the Oregon coast 
from the Washington border to the California border. The Northern strata was the Washington Border to 
Florence Oregon, the Central strata was Florence Oregon to the Coos Bay Bar, and the Southern strata was 
the Coos Bay bar to the California border. Habitat areas was derived using the Surficial Geological Habitat 
Map Version 4. Biomass in each area was then calculated by multiplying the estimated abundance by the 
proportion of fish in each 1 cm bin length class and then converting those length bins to weight using the 
length to weight relationship obtained from the hook and line data. After summing by region, the result is 
an independent estimate of coastwide abundance (and biomass) in Oregon waters in 2021. The coefficient of 
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variation of the biomass estimate was also calculated, and it was used to generate the standard error for the 
assumed lognormal error structure of this data when integrated into candidate stock assessment models.

2.5.1.3 Marine Reserves Hook and Line Survey The Marine Reserves program at ODFW 
monitors Oregon’s marine reserves. A standardized hook and line survey, modeled after the California 
marine reserves survey, collects drift-level catch and biological data in both the marine reserves and nearby 
comparison areas. There are four marine reserve sites (Redfish Rocks, Cape Perpetua, Cascade Head, and 
Cape Falcon) that span Oregon’s coastline where the hook and line survey is a suitable tool for monitoring. 
These comparison areas are pre-selected areas with similar bathymetry and habitat characteristics as the 
reserve but are open to fishing. Each reserve has as least one comparison area, but several have more than 
one that are monitored regularly along with the reserve. A 500-meter square grid overlaid on the area defines 
the sampling units or cells. Cells are randomly selected within a marine reserve or comparison area for each 
sampling event. Three replicate drifts are executed in each cell. The specific location of the drifts within the 
cell is selected by the captain. Data are aggregated to the cell-day level and subsequently aggregated to counts 
of fish per cell-day as the metric for CPUE. Sampling occurs in the spring and late summer/fall seasons. Over 
time, cells without appropriate habitat for the focus species, mainly groundfish, have been removed from the 
selection procedures, and those presented in this dataset include only those that are currently “active”. The 
number of cells sampled in a day can vary slightly and range from three to five. Sampling was not conducted 
in 2020 or 2021 due to the COVID-19 pandemic and this survey’s reliance on paid volunteers.

The dataset contains information on catch by species (number of fish), effort (angler hours), reserve site, area 
of sampling, treatment (reserve or comparison area), and date of sampling. Additional information that are 
available include proportion of rock habitat at the cell-level, water temperature, and the average drift depth, 
though these data are not available for the entire dataset. Average depth (fm) was binned to 10-fm bins (0 – 
50fm), and those shallower than 10fm were excluded to a small sample size. April – June was aggregated to a 
spring season and August - October to a fall season. Black Rockfish are commonly encountered in this survey 
(Table 13).

Covariates evaluated included year, month (or season), site, treatment (reserve or comparison area), and 
depth bin. A negative binomial model was fit to the cell-day-level data (catch in numbers of Black Rockfish 
with a log offset for angler hours). Two full model series were considered, one with all the potential covariates 
with month and one with season. For the series with month, the full model was selected as the best fit model 
by AIC, but month was almost non-significant. For the series with season, the full model was again selected 
as the best fit by AIC (Table 14. When fit via MLE using the sdmTMB R package (version 0.3.0), acceptable 
diagnostics were achieved for both full models. However, the error around the point estimates was reduced 
with the season covariate and ultimately, this was the model selected to be used in the reference model. The 
Q-Q plot indicated an acceptable fit to the data (Figure 21). Previous assessments for nearshore species 
have explored the use of this survey as a raw index of abundance (Taylor et al. (2021), Wetzel et al. (2021), 
Langseth et al. (2021), Cope et al. (2019)) but to date, this index has not been a part of a reference model. 
Length compositions from this survey are also included (Table 15 and Table 4).

2.6 Biological Data and Parameters
The major biological inputs to the models are natural mortality, age and growth parameters, weight-length, 
maturity and stock-recruitment parameters. The following sections outline the treatment of each section.
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2.6.1 Natural Mortality

Natural mortality is a critical parameter that drives much of the outcome of stock assessments. This value 
is not directly measured for Black Rockfish, so it either needs to be estimated or fixed in the model. Prior 
treatments have either used fixed ramps from lower to higher female natural mortality values (0.16 to 0.24 
for females (2007 assessment); 0.17 to 0.2 (2015 assessment)) to constant male natural mortality value (0.16 
in 2007; 0.17 in 2015). Females rapidly disappear from the population after 20 years of age, whereas whereas 
males can still be found in their 30 and 40s, with the oldest individuals along the coast aged at 56 years 
(Love 1957). Females are rarely found in their 30s and males in their 40s in Oregon.

The reason for the lack of females has been debated for many years. The “hide them” (using age-based 
selectivity curves to hide older females) or “kill them” (using the above mentioned ramps of death to account 
for no older females in samples) was specifically considered since the last assessment among researchers from 
California to Alaska, and it was agreed that the “hide them” hypothesis is the least feasible situation (see 
Rasmuson et al. (2023) for a specific study that went looking for old females). It was also agreed a constant 
natural mortality rate should be used for this assessment.

Determining reasonable natural mortality values is also challenging as the quick disappearance of females from 
the population after 20 years old challenges typical biological assumptions, especially since Black Rockfish 
have been the focus species when developing the theory of big old fat fecund female contributions to spawning 
output (Bobko and Berkeley 2004b; Hixon et al. 2014b). In a study confirming the advanced capacity for 
output of older females (Berkeley et al. 2008) the oldest aged females in the study were under 20 years, so 
the enhanced reproductive capacity, despite the loss of females after 20 years of age, is still intact.

Using the Hamel and Cope (2022) longevity-based estimator of natural mortality as implemented in the 
natural mortality tool (2022), the following M values correspond to the longevity estimates:

• 0.108 at 50 years
• 0.135 at 40 years
• 0.180 at 30 years
• 0.216 at 25 years
• 0.270 at 20 years

These provide reasonable bookends for likely natural mortality values for black rockfish. For females, estimates 
based on the von Bertalanffy growth function range from 0.27-0.32 and for males, 0.34 to 0.38. Those estimates 
are on the very high side, and thus are not considered further.

Exploratory runs first attempted to estimate natural mortality with a high bound of 0.25, but this bound 
was always achieved. This consistent attribute of unconstrained models wanting high natural mortality rates 
argued for the need to fix natural mortality, as was done in the 2015 assessment. For this reason, the constant 
natural mortality values of 0.19 for females (within the ramp of 0.17 and 0.2 used in that assessment) and 
0.17 for males (same as the last assessment) were used. A likelihood profile across the above mentioned range 
of natural mortality values, but maintaining the above ratio of female to male natural mortality, is included 
to explore model sensitivity and demonstrate the models desire to push the upper bounds of realistic values.

18



2.6.2 Growth (Length-at-Age)

2.6.2.1 Age validation Fish ages estimated for age-based stock assessment models need to be accurate 
and precise because ageing error can affect all model input data. Current protocol for ageing groundfishes 
is to count growth marks on break-and-burn preparations of sagittal otoliths (Manual on generalized age 
determination procedures for groundfish 2006) but interpreting the growth marks can be challenging and lead 
to errors in ageing. To validate the break-and-burn ageing method for Black Rockfish off Oregon, researchers 
at ODFW and the University of Alberta used secondary ion mass spectroscopy (SIMS) to determine oxygen 
isotope ratios ( 𝛿 18O) in Black Rockfish sagittal otoliths. Because an otolith is acellular, metabolically inert, 
and grows throughout the life of the fish, any elements accreted onto its surface are permanently retained 
(Campana 1999). Otolith oxygen isotopes exist in equilibrium with ambient seawater (Iacumin et al. 1992) 
and otolith 𝛿 18O is inversely related to water temperature and is a function of salinity (Høie et al. 2004); 
therefore, sequential 𝛿 18O measurements across the otolith are a proxy for seasonal temperature cycles 
experienced by the fish throughout its lifespan.

SIMS proved to be effective for producing detailed otolith 𝛿 18O chronologies with adequate temporal 
resolution for identification of seasonal trends in water temperatures. Locations of annuli counted during 
break-and-burn ageing of Black Rockfish sagittae generally corresponded to maxima in the 𝛿 18O chronologies, 
inferring formation during periods when water temperatures were relatively cold. Generally, chronologies were 
characterized as having one strong signal peak and trough between annuli; however 𝛿 18O chronologies could 
be highly irregular and chaotic between maxima, inferring vertical and lateral movements known to occur in 
this species, as well as prolonged larval duration and settlement in shallow nearshore areas with short-term 
variation in water temperatures and salinities. The break-and-burn method of ageing was validated for 
Oregon Black Rockfish up to 12 years old (Terwilliger et al. 2023).

An additional study by Stephens et al., currently in review, used bomb radio carbon to validate Black Rockfish 
ages. This study had older fish than the Terwilliger et al. 2023 study but the fish were sourced entirely from 
the California stock. This study found that ages obtained by break-and-burn were systematically biased 
towards under-ageing. Further, the magnitude of the under-ageing increased as the fish got older. However, 
since none of the age readers in this study conducted any of the ageing for the Oregon stock and the fish were 
from California, additional research is needed to determine how best to incorporate these data into future 
stock assessments.

2.6.2.2 Age and growth relationship The length-at-age was estimated for female and male Black 
Rockfish using data from collections sampling the commercial (trawl and non-trawl) and recreational fisheries 
off the coast of Oregon (Figure 6 and Figure 7), with all lengths in fork length and all ages in years. Figure 8 
shows the predicted von Bertalanffy growth function (VBGF) fits to the data. Females grow larger than 
males and sex-specific growth parameters were estimated at the following values:

Females 𝐿∞ = 48.82 cm; 𝑘 = 0.18 per year; 𝑡0 = -2.00

Males 𝐿∞ = 44.88 cm; 𝑘 = 0.21 per year; 𝑡0 = -2.21

The coefficient of variation of length by age fluctuated around 0.06 to 0.1 for the most well sampled ages 
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and was similar for each sex (Figure 9). When estimated in the models, these same values would often be 
produced, but it was ultimately determined it is more parsimonious to fix to 0.1 for both sexes.

The estimated VBGF parameters provided initial values for the estimation of growth in the model, as all age 
and length data are included in the model. The 𝑡0 value was fit to zero in the reference model in order to 
achieve more realistic 𝐿∞ and 𝑘 values. The resultant growth curves estimated by the model are presented in 
Figure 10. Sensitivity to fixing the growth parameters to the external values or estimating 𝑡0 are explored 
through sensitivity analyses.

2.6.3 Ageing Bias and Precision

Counting ages from ageing structures in long-lived, temperate fishes is challenging. Ages derived from these 
structures can be hard to reproduce within and between readers (i.e., imprecision), and may not contain the 
true age (i.e., bias). Stock assessment outputs can be affected by bias and imprecision in ageing, thus it is 
important to quantify and integrate this source of variability when fitting age data in assessments. In Stock 
Synthesis, this is done by including ageing error matrices that include the mean age (row 1) and standard 
deviation in age (row 2). Ageing bias is implemented when the inputted mean age deviates from the expected 
middle age for any given age bin (e.g., 1.75 inputted versus 1.5 being the true age); ageing imprecision is 
given as the standard deviation for each age bin (row 2).

The Oregon Department of Fish and Wildlife has a long history of ageing Black Rockfish. Because of this 
long tenure, the main age reader has changed several times over the years. There are six distinct age readers, 
but the most current age reader has concluded a comparison among all of the other age readers. The most 
recent reader is considered the least biased. This assumption enables the construction of ageing error matrices 
relative to the most recent reader, thus resulting in 6 different ageing error matrices for each period:

• up to 2000: Reader 1 vs Readers 5 & 6
• 2001: Reader 1 vs Reader 5
• 2002: Reader 1 vs Reader 4
• 2003 to 2009: Reader 1 vs Reader 3
• 2003 to 2016 (recreational only in 2016): Reader 1 vs Reader 2
• 2016 (commercial) to 2022: Reader 1 vs Reader 1

Estimation of ageing error matrices used the approach of Punt et al. (2008) and release 1.1.0 of the R package 
nwfscAgeingError (Thorson et al. 2012). The ageing error matrix offers a way to calculate both bias and 
imprecision in age reads. Reader 1 is always considered unbiased, but may be imprecise. Bias relative to 
the primary reader is given for the second or additional readers. Several model configurations are available 
for exploration based on either the functional form (e.g., constant CV, curvilinear standard deviation, or 
curvilinear CV) of the bias in the second read or reader or in the precision of the readers. Model selection uses 
AIC corrected for small sample size (AICc), which converges to AIC when sample sizes are large. Bayesian 
Information Criterion (BIC) was also considered when selecting a final model. Table 16 through Table 18 
provide model selection results.

Age bias plots are provided in Figure 11. The calculated bias relationships from the best fit model are shown 
in Figure 13 and show only small biases between readers. Figure 12 shows the imprecision estimates of the 
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best fit models. In the cases where two models were similarly selected, the least extreme form (i.e., drastic 
drops or increases in imprecision) were chosen for the final matrix. Each ageing error matrix was then applied 
to the appropriate time and fleet combination.

2.6.4 Length-Weight Relationship

The length(cm)-weight(kg) relationship for Black Rockfish was estimated outside the model using biological 
data available from the Oregon commercial and recreational fisheries (Figure 18). The resultant relationship 
is very similar for both males and females, and is very close also to what is seen in the state of Washington 
(Figure 19). The estimated length-weight relationship for female fish was 𝑊=2.54537e-05𝐿2.9 and males at 
𝑊=2.56318e-05𝐿2.89.

2.6.5 Maturation and Fecundity

Black Rockfish maturity was assumed to be based on length, as in past assessments. This assessment used 
functional maturity instead of biological maturity to describe the maturity schedule. Functional maturity was 
classified by a more stringent definition of maturity that considered abortive maturation (delayed participation 
in reproductive event), skipped spawning (mature individuals forgo spawning), and level of follicular atresia as 
opposed to biological maturity that only considers physiological development. Functional maturity included 
the biologically mature individuals that were actually expected to contribute to spawning in a given year.

Claire Rosemond (Oregon State University) and Melissa Head (Northwest Fisheries Science Center) provided 
estimates of both biological and functional maturity for Black Rockfish sampled in 2014 to 2021 from 
September through April (the time period that includes yolk development and spawning). Samples were 
collected for fish caught in Oregon and Washington waters by biologists at Oregon State University, Oregon 
Department of Fish and Wildlife, and Washington Department of Fish and Wildlife. Biological maturity and 
functional maturity observations were fitted in separate models. Biological maturity and functional maturity 
status observations (0 = immature and 1 = mature, n = 644) were fitted in a logistic regression model (glm 
function, family = binomial, link = “logit”) and flexible spline model [(Head et al. 2020)]. The estimated 
model parameters were used to calculate length at 50% maturity (L50%; Table 19) and maturity ogives 
(Figure 14). The delta method was used to calculate 95% confidence intervals for estimated L50% in the 
logistic regression and a bootstrapping method was used to calculate 95% confidence intervals for L50% in 
the flexible spline model.

A flexible spline model can capture skipped spawning in the maturity ogive by allowing a decreased asymptote 
from 1.0. There was evidence of skipped spawning in larger size classes and so the flexible spline model was 
determined to be the best representation of the reproductive biology of Black Rockfish for the sampled time 
period (Figure 15). The maturity vector input into the model as a fixed relationship is shown in Figure 16. 
Sensitivity of model output to the use of the biological and functional logistic relationships are explored.

The Black Rockfish fecundity-at-length relationship was provided by E.J. Dick (SWFSC) and based on the 
work from Dick (2009). The fecundity relationship was estimated equal to 𝐹𝑒𝑐=1.41e-08𝐿4.68 in billions of 
eggs where 𝐿 is length in cm. Fecundity-at-length is shown in Figure 17.
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2.6.6 Stock-Recruitment Function and Compensation

The Beverton-Holt stock-recruit model (Beverton and Holt 1957) has been the traditional recruitment function 
for rockfishes and is assumed for black rockfish. Specifically, the re-parameterized Beverton-Holt that uses a 
steepness parameter defined as the proportion of average recruitment for an unfished population expected 
for a population at 20% of unfished spawning output (Mace and Doonan) was used in these assessments. 
This is a notoriously difficult parameter to estimate, thus several attempts to derive a prior of steepness have 
been attempted (Myers et al. 1995; Dorn 2002). The Thorson-Dorn rockfish prior (developed for use West 
Coast rockfish assessments) was reviewed and endorsed by the Scientific and Statistical Committee (SSC) in 
2017, and is the primary source of information on steepness for west coast rockfishes. The prior (ℎ; beta 
distribution with 𝜇=0.72 and 𝜎=0.15) is used in this assessment, but attempts to estimate steepness were not 
successful, so it is fixed and its influence is explored via a likelihood profile.

2.6.7 Sex Ratio

No information on the sex ratio at birth was available so it was assumed to be 50:50.

2.7 Environmental and Ecosystem Data
This stock assessment does not explicitly incorporate trophic interactions, habitat factors or environmental 
factors into the assessment model. More predation, diet and habitat work, and mechanistic linkages to 
environmental conditions would be needed to incorporate these elements into the stock assessment and should 
remain a priority. McClure et al. (2023) report the climate vulnerability for several west coast groundfishes, 
including Black Rockfish. Black Rockfish demonstrated both high biological sensitivity and high climate 
exposure risk, to give it an overall high vulnerability score to climate change. This result should also be 
considered with the fact that, like many rockfishes, periods of low productivity is not unusual to Black 
Rockfish and their extended longevity (though admittedly this seems shorter than previously believed and 
should be reconsidered) has historically allowed them to wait for advantageous productivity periods. In 
2021, Oregon’s nearshore experienced an extended hypoxic event with some waters becoming fully anoxic 
(Rasmuson et al. 2022a). These events undoubtedly influence the population. Additional stressors such as 
fishing and climate change that possibly truncate longevity could bring significant challenges to population 
sustainability. Regardless, no environmental or ecosystem data are directly incorporated into the stock 
assessment model.

2.8 Data Considered but Not Included
Special projects data for Black Rockfish were reviewed but ultimately, with the large number of commercial 
and recreational samples available under standard sampling protocols, these data were not used in the 
reference model. There were also multiple sources of fishery-independent information that ODFW has 
provided to assessments in recent years as ancillary data that were considered. These included ROV survey 
data, video lander survey data and the Marine Reserves longline survey data. ODFW ROV data were 
reviewed by an SSC methodology review in 2020 (see PFMC September 2020 briefing book; Agenda Item 
D.4 Attachment 1) and used to independently estimate population size for Quillback Rockfish in Oregon 
(Langseth et al. (2021)). Video lander data from multiple projects was recently summarized by Marine 
Resources Program staff (Rasmuson et al. (2020)). These data were used to develop density estimates and 
independent abundance estimates for the most recent assessments for both Quillback Rockfish (Langseth et al. 
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(2021)) and Lingcod (Taylor et al. (2021)). These two datasets were not included, as they were not designed 
specifically to survey Black Rockfish and the ODFW Nearshore Acoustic-Visual survey was regarded as a 
stronger estimate of the scale of the Black Rockfish population scale without the major caveats that come 
with using the ROV or lander data. Finally, the Marine Reserves longline survey data collected in Oregon’s 
marine reserves were available from 2015 - 2019. While Black Rockfish are encountered in this survey, samples 
sizes are lower than the Hook and Line survey and the gear type is not ideal for Black Rockfish.

ODFW and Oregon State University have collaborated on juvenile fish monitoring using SMRUF devices 
in Oregon’s Otter Rock Marine Reserve from 2013 to the present. SMURFs are standardized sampling 
units that collect newly-settled juvenile fishes. These are monitored regularly during during the settlement 
season (May - September) and juveniles are collected for genetic identification and measured. An index of 
mean settlement rate of juvenile Black Rockfish was provided to this assessment. However, the intra-annual 
standard deviations were extreme (Figure 22), given the limited samples, and the use of these data as an 
index of recruitment was explored as a sensitivity.

3 Assessment Model
3.1 Summary of Previous Assessments and Reviews

3.1.1 History of Modeling Approaches Used for this Stock

3.1.1.1 Black Rockfish South of Cape Falcon The first stock assessment of black rockfish off 
Oregon (Stewart 1993), which was limited in geographic scope to the northern portion of Oregon, was a Cohort 
Analysis based on age composition data collected from fish landed at Garibaldi. The first comprehensive 
analysis of the Black Rockfish stock off Oregon and California was by Ralston and Dick (2003), who developed 
a statistical catch-at-age model using Stock Synthesis. Sampson (2007) used a similar model configuration 
and approach.

In the 2007 assessment model, the data were organized into three basic gear-types (Hook-and-Line, Trawl, 
and Recreational), the data from Oregon and California were kept separate, and the tuning indices were 
recreational angler CPUE series based on the same or similar data sources (MRFSS for both states, ORBS 
for Oregon, and CPFV surveys for California). Fishing effort was measured in terms of angler-days rather 
than the angler-hours metric used in the current California and Oregon regional assessment models. The 
2007 assessment used the ODFW tagging study estimates of Black Rockfish abundance off Newport as a 
relative abundance index. Those data were unavailable for the 2003 assessment. The 2007 assessment also 
used a juvenile rockfish pre-recruit index, which was unavailable for the previous assessment.

The landings data series in the 2007 assessment differed quite substantially from the series developed by 
Ralston and Dick for the 2003 assessment. Neither of those assessments attempted to account for discards, 
instead assuming that discards were negligible.

3.1.1.2 Black Rockfish North of Cape Falcon Three full assessments for black rockfish, conducted 
in 1994, 1999, and 2007, modeled the Black Rockfish population found in coastal waters between Cape Falcon, 
Oregon and north to the U.S./Canadian border (Wallace and Tagart 1994; Wallace et al. 1999, 1999; Wallace 
and Tsou 2007). There have been no update assessments for black rockfish resources.
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The 1994 assessment utilized a Stock Synthesis model configuration, with two auxiliary data sets as Black 
Rockfish abundance indicators, one based on tagging CPUE and one on based coastal recreational bottomfish 
directed effort (Wallace and Tagart 1994).

Wallace et al (1999) constructed an assessment model by using the AD Model Builder software (ADMB; 
(Fournier 1997)) to assess Black Rockfish abundance. Three key features of the 1999 model were (1) the 
parameterization of the expected catches at age, (2) the definitions of the sampling units for the different 
types of data inputs, and (3) the integration of tagging data explicitly. The parameterization chosen mostly 
affected parameter bias whereas the sampling unit designation mostly affected estimator variance. Both bias 
and variance were components of overall parameter uncertainty. The parameterization and the sampling 
unit definitions were both designed to conform to the actual sampling protocol used, thereby propagating 
sampling uncertainty through to the final biomass estimates.

The 2007 assessment (Wallace and Tsou 2007) employed Stock Synthesis 2. Unlike the 1999 assessment, 
CPUE from the tag release trips and Petersen tagging study abundance estimates were included as relative 
abundance indices.

3.1.1.3 California, Oregon, and Washington Assessments in 2015 The 2015 assessment 
defined three distinct stocks for assessment. Each stock matched the state boundaries of California, Oregon 
and Washington. All assessments used the Stock Synthesis 3 version 3.24V. The Oregon model had five 
fisheries (three commercial and two recreational) and considered five surveys. A research fleet was also 
designated in order to use ages for growth estimation. There were four primary data likelihood components 
for survey indices, mean weights, lengths and ages. Fits to catches also contribute to the total likelihood, but 
is typically very small. The models was tuned using the Francis (2011) method for biological compositions 
and added variance for survey indices. Mean weights were not tuned. Recruitment deviations were not 
estimated. Natural mortality was treated as constant for males and used a step function (with a breakpoint 
at age 10) for females that was also constant over years. Age-based dome-shaped selectivity in the ocean 
boat-based recreational fishery was also implemented for females.

Results for the Oregon assessment of Black Rockfish in 2015 estimated stock status in that year at 60.4%, 
and never showed a decline below the target biomass. This assessment was highly constrained by the choice 
to treat the catchability of the tagging index as known, thus the uncertainty in the assessment is very low.

3.1.2 STAR Panel and SSC Recommendations from previous assessments

The 2015 STAR panel identified the following issues as sources of major uncertainty:

• Natural mortality, especially in females. There are no data to differentiate whether the missing older 
females are dying or are avoiding capture. The choice between using a constant (as used in the California 
and Washington assessments) or step function (used in Oregon) is also an point of uncertainty.

• The level of cryptic biomass. This is a result of using dome-shaped selectivity to explain the absence of 
old females.

• Uncertainty in historical catch, especially in the historical trawl fishery.
• Acknowledging that there remains uncertainty in the stock-recruit relationship parameters (particularly 

the Beverton-Holt steepness parameter).
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The Oregon model faced many challenges and ultimately was re-evaluated in a secondary review panel. That 
panel noted the following issues and recommendations (in addition to those above).

• The lack of recruitment estimation should be re-evaluated despite the last assessment indicating no 
apparent information contained in the biological data as to notable recruitment deviations. There was 
concern recruitment was being driven by catch rather than biological signals.

• The tagging data q was fixed and strongly dictated scaling in the assessment. The tagging study data 
and subsequent constraint in q values needs further consideration.

• Continued ageing and age validation of black rockfish samples
• A fishery-independent nearshore survey was recommended

Most of the above recommendations were included in the 2015 assessment research recommendations. Specific 
responses to those can be found in the 4.7 Research and Data Needs section. Additionally, stock structure for 
Black Rockfish was highlighted as a topic for further consideration.

3.2 Model Description

3.2.1 Modelling Platform

Stock Synthesis version 3.30.21 was used as the statistical catch-at-age modelling framework. This framework 
allows the integration of a variety of data types and model specifications. The SS-DL tool (https://github.c
om/shcaba/SS-DL-tool) was used for model exploration, likelihood profiling, and sensitivity analyses. The 
companion R package r4ss (version 1.38.0) along with R version 4.2.2 were used to investigate and plot model 
fits.

3.2.2 Bridging the Assessment Model from Stock Synthesis 3.24 to 3.30

Since several years have passed from the last assessment model, the Stock Synthesis (SS) modelling framework 
has undergone many changes. While the specific changes in the model can be found in the model change log, 
here we simply update the model from the older 3.24V version to the newer 3.30.20 version. The point here 
is to present any differences in the model outputs when using the same information. This was first done by 
migrating the data and parameter specifications from the former files to the newer files. This migration was 
assisted using the SS-DL tool. Once the old data was transferred to the SS 3.30.20 file, two versions of the 
model were run.

1) Fixing all parameter values to the values found in the 2015 model.
2) Allowing the same parameters estimation specification as in the 2015 model

Results are similar between models when all parameters are fixed from the 2015 model in the updated SS 
files, while there are slight scale differences (Figure 24), but little relative stock status differences (Figure 25), 
when the new SS version is allowed to estimate the same parameters as estimated in the 2015 version. Theses 
model comparisons are adequate to move ahead using the newest version of SS 3.30.20 without expecting 
large differences in reference models being due to versions of SS.
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3.3 Model Structure, Evaluation, and Specification

3.3.1 Fleet and Survey Designations

The Oregon model is structured to track several fleets and include data from several surveys:

• Fleet 1: Commercial trawlfishery
• Fleet 2: Commercial non-trawl fishery
• Fleet 3: Recreational ocean boat fishery
• Fleet 4: Recreational shore fishery
• Survey 1: Commercial non-trawl CPUE

• Survey 2: ORBS CPUE survey
• Survey 3: MRFSS CPUE survey
• Survey 4: MPA CPUE survey
• Survey 5: Acoustic visual survey
• Survey 6: Tagging abundance survey

The specifications of the assessment are listed in Table 20.

3.4 Model Likelihood Components
There are five primary likelihood components for each assessment model:

1. Fit to survey indices of abundance.
2. Fit to length composition samples (to get the length-based selectivities; these are then dropped in the 

final reference model).
3. Fit to age composition samples (fit as conditional age-at-length).

4. Penalties on recruitment deviations (specified differently for each model).
5. Prior distribution penalties

3.5 Reference Model Exploration, Key Assumptions and Specification
The reference assessment model for Oregon Black Rockfish was developed to balance parsimony and realism, 
and the goal was to estimate a spawning output trajectory and relative stock status for the population of 
Black Rockfish in state and federal waters off Oregon. The model contains many assumptions to achieve 
parsimony and uses different data types and sources to estimate reality. A series of investigative model runs 
were done to achieve the final reference model. Constructing integrated models (i.e., those fitting many data 
types) takes considerable model exploration using different configurations of the following treatments:

• Data types and treatments
• Parameter treatments: which parameter can, cannot and do not need to be estimated
• Phasing of parameter estimation
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• Data weighting
• Exploration of local vs global minima (see model convergence section below)

The different biological data with and without the catch time series were first included to obtain an 
understanding of the signal of stock status coming from the data (Figure 26). Both the lengths and ages, with 
and without the removal time series, demonstrated a signal for a highly depleted stock when no recruitment 
deviations were estimated. When recruitment deviations were estimated, models included ages indicated 
an increasing stock, as opposed to the lengths that maintained a depressed stock status. The underlying 
mean size and age data clearly show a relatively steady mean length through time, whereas the ages show 
an decreasing then increasing mean age indicative of a growing population (see reference model plots for 
these patterns). Stock scale was comparable once removal history was included. The differences in derived 
model outputs highlight major uncertainty in the treatment of the biological data when characterizing model 
uncertainty. Further sensitivities to the inclusion or exclusion of different indices of abundance are detailed in 
the model sensitivity section.

Numerous exploratory models that included all data types and a variety of model specifications were 
subsequently explored and too numerous to fully report. In summary, the estimation of which life history 
parameters to estimate and fix was liberally explored. The following is a list of things that were explored, 
typically in combination with one another:

• Estimate or fix 𝑀
• Estimate or fix any of the three growth parameter for each sex
• Estimate or fix the stock-recruit relationship
• Estimate or assume constant recruitment. If estimating recruitment, for what years?
• Estimate or fix survey catchability for each survey
• Estimate additional survey variance for which survey
• Estimate or fix selectivity parameters
• Logistic or dome-shaped selectivity
• Treatment of sex ratio

Examination of the catches in the trawl fishery indicated much larger fish being caught versus those caught 
in the commercial non-trawl and recreational ocean boat fisheries (both of which have very similar mean 
lengths and aggregate catch compositions) in the same years. Dome-shaped selectivity was therefore allowed 
in those fisheries as well as the shore-based fleet (which catches much smaller individuals) and the MPA 
survey. The ORBS and MRFSS surveys were assumed to have the same selectivity as the recreational boat 
fishery fleet. While constant selectivity was assumed across all fleets, it was also noted that the earlier time 
series (prior to 2003) of the recreational boat fleet, as sampled by the MRFSS program, had consistently 
smaller mean lengths than the ORBS sampled years. The MRFSS years also had smaller samples with more 
uncertainty. Time varying selectivity was explored in the two periods to see if this improved the fit to the 
data, but no perceivable improvement was made and the resultant difference was very small in the derived 
model outputs, so a constant selectivity was assumed for the whole time period.

After much consideration of exploratory model runs, it was determined that some parameters were inestimable 
(𝑀,𝐿𝐴𝑚𝑖𝑛 for both sexes), some did not move much for initial values and could be fixed (e.g., CV at length 
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values, some selectivity parameters), and others could be estimated (e.g., 𝐿∞, 𝑘, 𝑙𝑛𝑅0). Estimation of 𝐿𝐴𝑚𝑖𝑛
lead to very large gradients for all other parameters (though not unrealistic estimates of those parameters), 
and fixing it to the externally estimated values consistently gave very high estimates of 𝐿∞ for both sexes, 
thus the 𝐿𝐴𝑚𝑖𝑛 value for both females and males was fixed so 𝑡0 = 0, as this gave the most realistic 𝐿∞
values. No priors were used on any of the estimated parameters except female 𝐿∞ which used a normal 
prior and a standard deviation taken from the external fit to the growth curve (0.17). Length at maturity, 
fecundity-weight, and length-weight relationship, steepness (ℎ) and recruitment variance were all fixed.

The biggest uncertainty revealed in the model exploration was conflict in the signal of the biological data and 
that in the acoustic visual survey catchability. If the inherent uncertainty in the survey (CV = 0.45) was 
used, additional variance estimated on a lower CV, or the catchability was estimated, the acoustic visual 
survey was essentially ignored (catchability was between 3 and 4, saying the survey overestimates abundance 
by 3 to 4 times), the scale and stock status dropped significantly. If the acoustic survey catchability, reviewed 
and deemed informative of overall black rockfish biomass in Oregon (Rasmuson et al. 2022a), was assumed 
to be equal to 1, the biomass and stock status was much higher. Given there are serious issues with assuming 
either of the previous hypotheses are acceptable, the STAT determined a realistic upper bound (based on a 
calculated catchability from the uncertainty in the acoustic visual survey) for catchability of 1.822 (or 𝑙𝑛(𝑞)
of 0.6). This served as fixed value of catchability (which also required a small CV of 0.0001 on that index) to 
build the reference model presented to the STAR panel. The proposed higher and lower states of nature, 
respectively, then assumed either the acoustic visual catchability was known with a value of 1 with little 
error or the tag and acoustic visual surveys were essentially ignored by freely estimating the acoustic survey 
catchability, with the length data being the main source of stock status information in the population.

3.5.1 Pre-STAR Panel explorations and development of the final reference model

The pre-STAR Panel draft assessment outlined a variety of sensitivities and likelihood profiles to characterize 
the uncertainty in the proposed reference model given the internal estimate of uncertainty (a standard 
deviation of 0.01) was unreliably low. As these pertain to the final development of the reference model, they 
are included in their entirety.

3.5.1.1 Data treatment sensitivities Data treatments explored included the treatment of catcha-
bility for the acoustic visual survey and the tagging data, the removal of any one data source, and alternative 
approaches to data weighting. All scenarios match the reference model specifications in all other aspects 
unless otherwise stated.

• Treatment of absolute abundance catchability (q)
1. Acoustic visual survey q = 1, CV = 0.0001
2. Acoustic visual survey q Estimated, CV = 0.0001
3. Acoustic visual survey q = 1, CV = 0.45
4. Acoustic visual survey q estimated, CV = 0.45
5. Tag survey q = to 2015 value (0.25) with #2 above
6. Tag survey q = to 2015 value (0.25), but extra variance estimated, with #2 above

• Remove abundance index series
7. No Acoustic visual
8. No tagging index
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9. No non-trawl index
10. No ORBS index
11. No MRFSS index
12. No MPA index
13. Add SMURFs index

• Data weighting (Table 26)
14. No data-weighting
15. Dirichlet data-weighting
16. McAllister-Ianelli data weighting
17. 2015 Catch history

Likelihood values and estimates of key parameters and derived quantities from each data treatment sensitivity 
are available in Tables 27 and 28. Derived quantities relative to the reference model are provided in Figure 
28. Time series of spawning output and relative spawning output are shown in Figures 29 and 30.

From a data standpoint, these sensitivities indicate the model was most sensitive to how information on 
absolute abundance, or population scale, from the acoustic visual survey and the tagging data was treated 
in the model. In particular, the parameterization of catchability (model estimated or fixed) and the level 
of error (input CVs and model estimated extra variance) associated with these two data sources provided 
considerably discrepencies in key management quantities (e.g., stock size and status; Figures 28, 29, and 30). 
The model was comparatively robust to the removal of any given single data source, with the exception of 
the acoustic visual survey, and the relative weighting of length and age composition data. The harmonic 
mean data weighting approach (based on the McAllister-Ianelli method) resulted in negligible change from 
the reference model that used the Francis weighting method. The Dirichlet method only minimally adjusted 
the input sample sizes, nearly mimicking the sensitivity model where no weighting was conducted, which had 
the effect of increasing current estimates of stock size (20%) but no appreciably change in stock status.

Alternative treatment of the acoustic visual survey data largely resulted in two alternative states of nature 
in terms of stock size and status (high and low) relative to the reference model. Fixing catchability to 1.0 
and reducing the input CV to near zero essentially forced the model to fit the 2021 acoustic-survey data 
point perfectly (high state of nature). However, when doing so the model estimated biological parameters 
(e.g., natural mortality and growth) that were extreme, nearing implausibility. Alternatively, estimating 
catchability, or similarly inputting the externally estimated CV of 0.45, resulted in a low state of nature where 
estimates of spawning output over recent years were below OFLs and stock status was in the precautionary 
zone. However, the interpretation of resulting acoustic-survey catchability was impractically high (3.0 or 
higher) given the comprehensive study design of the survey. Fixing the tagging catchability to the value 
assumed in the last assessment largely counteracts the change to the reference model after fixing the acoustic 
visual catchability to 1.0 and reducing its input CV to near zero.

3.5.1.2 Model specification sensitivities Model specifications looked at the estimation of individual 
and combinations of life history parameters, including the treatment of natural mortality, growth, maturity, 
fecundity and recruitment, and fishery selectivity. All scenarios match the reference model specifications in 
all other aspects unless otherwise stated.

• Life history estimation
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– Natural mortality (𝑀)
1. Use 2015 𝑀 values
2. Lorenzen age varying 𝑀
3. Estimate 𝑀

– Growth parameters
4. Fix all growth parameters to external values, estimate 𝑀
5. Fix all growth parameters to external values
6. Estimate 𝐿𝐴𝑚𝑖𝑛
7. Estimate 𝐶𝑉𝑦𝑜𝑢𝑛𝑔 and 𝐶𝑉𝑜𝑙𝑑

– Reproductive Biology
8. Use biological maturity ogive (logistic model)
9. Use functional maturity ogive (logistic model)

10. Fecundity proportional to weight
– Recruitment estimation

11. No recruitment estimation
12. Estimate recruitment for all years in the model

• Selectivity
13. Estimate logistic selectivity for all fleets

Likelihood values and estimates of key parameters and derived quantities from each model specification 
sensitivity are available in Table 29. Derived quantities relative to the reference model are provided in Figure 
31. Time series of spawning output and relative spawning output are shown in Figures 32 and 33. In general, 
model specifications for natural mortality, selectivity, and growth caused the population to drop below the 
reference model estimate of stock size, while alternative reproductive biology models increased stock size. 
Despite considerable differences in the historic trajectory of relative stock status across sensitivity models, 
there was considerably less variability in the estimate of current (2023) stock status (ranging from 0.49 to 
0.65, where 0.55 is the reference model, with the exception of the estimate 𝐿𝐴𝑚𝑖𝑛 growth model that had 
convergence issues when estimating the length at minimum age).

Estimating female and male 𝑀 led to a considerably higher mortality rate for females (0.25 compared to 0.19 
used in the reference model) and slightly higher for males (0.18 compared to 0.17). This had the effect of 
lowering both the beginning and ending stock scale, but had only a small influence on current stock status. 
Similarly, fixing growth but estimating 𝑀 also dropped stock scale but preserved stock status relative to the 
sensitivity that only fixed the growth parameters to external estimates. Due to the similarity between 𝑀 in 
the reference model and what was used in the previous 2015 assessment, there was little change in overall 
management quantities associated with this sensitivity model.

Fixing growth parameters in the model to external-to-the-assessment estimates resulted in a considerable 
change in the stock trajectory, both in terms of stock size and status, yet end up in about the same place by 
2023. For example, over the most recent 20 years, this sensitivity model estimates the stock declining from a 
nearly unfished state in the early 2000s. In contrast, the reference model (and nearly all other sensitivity 
model) estimate the stock has been increasing from a precautionary state in the early 2000s. Estimating the 
CV for growth of young and old fish had negligible impact on results. The model that estimated 𝐿𝐴𝑚𝑖𝑛 did 
not pass key model diagnostic tests (e.g., stability and convergence) so was not considered further.
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Using a logistic function to externally estimate maturity ogives, based on either biological or functional 
maturity measurements, increased scale and overall spawning output relative to the reference model. This 
result was most prominent when biological maturity was used to describe the maturity schedule due to the 
appreciable reduction in the length at 50 percent maturity indicating that females mature at a younger age 
on average than when using functional maturity (Figure 14). The minor differences between using a logistic 
function (sensitivity) versus a spline (reference model) was due to the latter allowing for skip spawning 
of older, mature females. Assuming that fecundity is proportional to female body weight, instead of an 
exponential relationship with length as used in the reference model, resulted in an increase in beginning and 
ending scale but little difference in overall stock status.

Recruitment estimation (assuming 𝜎𝑅 = 0.6) was sensitive to the estimation of different ranges of years of 
recruitment deviations. While the truncated time series of recruitment used in the reference model can be 
considered parsimonious, the addition of estimating all recruitment years adds additional uncertainty to 
the stock status measure earlier in the time series. Estimating recruitment deviations for all years in the 
model dropped the scale of the population, altered the historic stock status trajectory, but had little effect on 
current stock status. Estimating the full time series of recruitments resulted in a significant negative trend in 
deviates early in the time period that was a concern. Removing the estimation of any recruitment deviates 
from the stock-recruitment curve resulted in reduced stock dynamics, where the decline in stock status from 
an unfished state was gradual and largely driven by the catch history.

Estimating all fleet selectivity patterns as logistic effectively removed the potential for cryptic biomass 
resulting from fleets not encountering and catching fish of older sizes or ages. This model resulted in an 
decrease in beginning and ending scale and reduced stock status since 1990 (even to the point where the 
stock would have been considered overfished from the 1990s to the early 2010s). The stock status discrepancy 
is reduced the closer the model gets to the current year, where the fraction of unfished is estimated to be 53 
percent in 2023 compared to the pre-STAR reference model of 55 percent. The fit to the logistic selectivity 
model is not as good in terms of residual patterns and overall likelihood (based on AIC).

3.5.1.3 Likelihood Profiles Likelihood profiles were conducted for the acoustic-visual survey catch-
ability (q) in natural log-space (ln(𝑞)), steepness (ℎ), and female and male natural mortality (𝑀) varying 
together with a constant ratio matching the reference model (0.19/0.17, female and male values respectively). 
Likelihood profiles were conducted by fixing the featured parameter(s) at specific values across a range of 
values and estimating all remaining parameters. A likelihood profile offers insight into model sensitivity to 
changing model parameter values, while providing an additional way to describe uncertainty in the parameter 
by identifying the range of parameters within 1.96 likelihood units of the reference model.

The profile on the assumption of the acoustic-visual survey catchability demonstrates the expected scaling up 
and down of the population with the decrease and increase of the catchability, respectively (Figure 34). The 
change in the current spawning output is steeper than the initial spawning output, leading to a steep decline 
in relative biomass as ln(𝑞) gets larger. As the ln(𝑞) approaches 1.5, the stock approaches the overfished limit 
reference point. The most supported value of the ln(𝑞) is found near 1.17 with a very tight support interval. 
The most prominent length data (in samples and associated fisheries) support larger ln(𝑞) values, while age 
compositions support smaller ln(𝑞) values near the value used in the reference model (Figure 35). The less 
informed survey indices support larger ln(𝑞) values on the strength of the best fit index (non-trawl CPUE 
index).
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The steepness profile showed little information content for this parameter (Figure 83) as the best fit value 
went towards the bound of 1. Changing steepness mostly changed the estimate of initial stock size, with a 
higher initial stock size needed to make up for the lower recruitment compensation. Overall, the relative 
stock size changed little across a large range of steepness values. The biological compositions pushed the 
steepness to the highest value, whereas the index data indicated a mixed signal for the lowest and highest 
steepness values (Figure 84).

The combined profile that varies female and male 𝑀 while maintaining the reference model offset demonstrated 
what had be seen in the model development, that when freely estimated, the model wants natural mortality 
values to be unreasonably high (Figure 85). All likelihood components confirm the drive for higher 𝑀 values 
for both sexes (Figures 86 to 42). Given the highly constrained model specification (i.e., a fix q on a survey), 
the range of reasonable natural mortality values adjust the scale of the population in order to match the value 
fixed in 2021. Similar to the steepness profile, the lower natural mortality values lead to lower productivity, 
and thus the need for a higher initial biomass, which changes quicker than the current, more pinned down, 
current biomass value. While the scale does change substantially, the current relative stock status is fairly 
stable and always above the target level.

3.5.1.4 Additional STAR Panel sensitivities Further discussions in the 2023 STAR Panel lead 
to several additional model runs exploring alternatives to pinning the model to a precise interpretation of the 
acoustic-visual survey (i.e., low variance and set catchability). These explorations included using different 
target strength values for Black Rockfish to estimate input values from the acoustic visual survey and different 
approaches to the weighting of the length compositions or the acoustic visual survey, in combination with 
freely estimating or fixing the acoustic visual survey q.

3.5.2 Final reference model

The final reference model used length-based selectivities fixed to those estimated in the original reference 
model, retained the conditional age-at-length compositions, fixed the acoustic-visual survey catchability to 1 
and retained the input variance (CV = 0.45), then ran the model with the remaining specification as in the 
original model. The full list of estimate and fixed parameters are found in Table 21.

General attributes of the reference model are as follows. Indices of abundance are assumed to have lognormal 
measurement errors. Biological compositions are all assumed to follow a multinomial sampling distribution, 
where the sample size is fixed at the input sample size calculated during compositional example, and where 
this input sample size is subsequently re-weighted to account for additional sources of overdispersion (see 
below). Recruitment deviations were also estimated are assumed to follow a lognormal distribution, where 
the standard deviation of this distribution is tuned as explained below.

Sensitivity scenarios and likelihood profiles (on the catchability of the acoustic visual survey, steepness, and 
natural mortality) were used to explore uncertainty in the above model specifications and are reported below.

3.5.3 Data Weighting

The reference model allowed for the estimation of additional variance on all surveys except the acoustic visual 
survey. This additional variance allows the model to balance model fit to that data while acknowledging that 
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variances may be underestimated in the index standardization. A sensitivity was run with no extra variance 
estimated, as well as removal of the index data were explored.

Initial sample sizes for the commercial and recreational length and conditional age-at-length compositions 
were based on the number of input effective samples sizes. The method of Francis (2011, equation TA1.8) 
was then used to balance the length and conditional age-at-length composition data among other inputs and 
likelihood components. The Francis method treats mean length and age as indices, with effective sample 
size defining the variance around the mean. If the variability around the mean does not encompass model 
predictions, the data should be down-weighted until predictions fit within the intervals. This method accounts 
for correlation in the data (i.e., the multinomial distribution), but can be sensitive to years that are outliers, 
as the amount of down-weighting is applied to all years within a data source, and are not year-specific. 
Sensitivities were performed examining different data-weighting treatments: 1) the Dirichlet-Multinomial 
approach (Thorson et al. 2017), 2) the McAllister-Ianelli Harmonic Mean approach (McAllister and Ianelli 
1997), or 3) no data-weighting of lengths. The weights applied to each length and age data set for the 
reference model are shown in Table 26.

3.5.4 Model Changes from the Last Assessment

Besides the additional of eight years of data, changes to some historical data series, and some changes in the 
estimation of some parameters, the biggest changes to the past assessment are:

• Addition of and fixing to the acoustic visual survey. This is different than the last model that fixed the 
stock scale to the tag survey catchability

• Estimation of recruitment
• Female natural mortality is no longer a step, but a constant value
• Length-based selectivity only (i.e., no age-based selectivity for females), and dome-shaped selectivity 

for the ocean boat fisheries (assumed logistic last time)
• Use of an updated functional maturity relationship
• Changes in the removal history
• composition data not constrained to inform sex ratio

3.6 Reference Model Diagnostics and Results

3.6.1 Model Convergence and Acceptability

While there is no definitive measure of model convergence, several measures are routinely applied. These 
criteria include a low maximum gradient (6.26323 × 10−4), inversion of the Hessian (passed), acceptable fits 
to data (passed), and reasonable parameter values (passed).

Model efficiency was explored by doing a short run Bayesian analysis using the Random Walk Metropolis with 
2000 draws, keeping all the draws and examining the fast mixing parameters. Those estimated parameters 
that do not move much from the initial values slow the model down and are recommended to be fixed at the 
starting value (Monnahan et al. 2019). This resulted in the fixing of three selectivity parameters during the 
selectivity estimation stage of model construction (Figure 44).
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An extra effort was given to ensure the model did not rest on a local likelihood minimum. This was done 
by starting the minimization process from dispersed parameter values away from the maximum likelihood 
estimates to determine if the approach found a better model fit (i.e., minimum negative log-likelihood value). 
Starting parameters used a jitter shift value of 0.0035. This was repeated 100 times with 41 out of 100 runs 
returned to the reference model likelihood (Figure 43). A better fit, lower negative log-likelihood model 
was not found in any of remaining runs. The model did not experience convergence issues when provided 
reasonable starting values. Through the jittering and likelihood profiles, the present reference model represents 
the best fit to the data given the assumptions made.

3.7 Reference Model Results
3.7.0.1 Fits to the Data

3.7.0.1.1 Lengths The lengths were initially fit to get the selectivity parameters, then dropped from 
contributing to the total likelihood in final reference model, but still retained to evaluate fits despite not 
influencing the total likelihood. Fits to the length data are examined 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 annual length composition are shown in Appendix A.

Pearson residuals of fits to the fishery and MPA survey length data are reasonably small with no distinct 
patterns (Figure 45), though the shore-based fishery lengths, which are small samples, show a possible 
recruitment in 1985 that is not seen in the recruitment residuals.

Model fits to the mean lengths, assuming Francis data-weighting, do not follow the dynamics in means lengths 
in the relatively small trawl fishery (Figure 46). The mean lengths are better fit in the larger and better 
sampled non-trawl (Figure 47) and ocean boat (Figure 48) fisheries. Note the poor fit to the MRFSS-era 
(pre-2001) mean lengths in the ocean boat fishery. Those length are consistently fit higher than the mean, but 
the samples are much lower than in the ORBS era sampling (2001 - present). A time block in selectivity with 
a single break at 2001 was attempted when exploring potential model specifications, but the fits were not 
improved. The shore-based lengths, also poorly sampled, are not fit well and miss what could be a potential 
recruitment in the mid-1980s (Figure 49). Fits to the mean length in the MPA length data are generally good 
(Figure 50). All length weighting are near the value of 1 as is expected when using the Francis weighting 
method. One thing to note is the general lack of contrast in the data over the past two decades.

Aggregate fits over year by fleet are shown in Figure 51. The two main fisheries (non-trawl and ocean) and 
the MPA survey show good fits to the aggregated data. The trawl fishery, which requires the asymptotic size 
of the populations to be much higher than is expected given the age and growth data, is fit less well. But the 
trawl data does demonstrate that mostly large individuals are present in the deeper trawl fishery, suggesting 
less availability of those sizes in the shallower non-trawl and recreational fisheries. This is instructive to 
the fact that the trawl fishery is catching only the largest individuals in the population, thus possibly over 
representing those length classes in the population, and indicating that the non-trawl and ocean fishery is 
missing some of those bigger fish (i.e., a dome-shaped selectivity). The shore-based fishery is also being fit 
poorly, but the fishery is so small it makes little difference to model performance.
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3.7.0.1.2 Conditional Age at Length Fits to the mostly sex-specific conditional age at length data 
are examined based on the age-at-length Pearson residuals, the annual mean ages, and mean age at length by 
year for the trawl, non-trawl and ocean boat fishery samples. The maximum size of the Pearson residuals for 
each fleets was fairly small (maximum = 13.44, 12.48, and 13.12 for the trawl, non-trawl and ocean boat 
samples, respectively; Appendix B). The biggest residuals were limited, as most of the residuals were small 
and unnoteworthy and demonstrate the expected shape of the growth curve. There is more contrast in the 
age data, as the mean age by year increased for all fleets through the most recent years (Figures 52, 53, and 
54). The mean age for the trawl fishery was between 10-15 years, whereas the mean ages for the non-trawl 
and ocean boat fishery was between eight and 10 years. Fits to the mean ages by length bins show acceptable 
fits consistent with model expectations Appendix C.

3.7.0.1.3 Marginal Age compositions Marginal age compositions are not formally fit in the model, 
but fits to that data are provided inAppendix D. Marginal length and age composition cannot be used in the 
same model given the overlap of the same fish in both samples. This is why ages conditioned on lengths are 
often used with either marginal length or age compositions. Models were run with marginal ages either in 
(i.e., no lengths used) or out (i.e., lengths used) of the likelihood. Overall the fits to the marginal ages are 
very good regardless of whether the marginal lengths or ages are included in the total likelihood. Thus the 
conditional age at length compositions coupled with either length or age compositions provide similar data 
fits.

3.7.0.1.4 Fits to Indices of Abundance The fits to the five available indices of abundance (not 
including the acoustic-visual survey which the model was predefined to fit with a lnq=0.6) are generally 
weak. The best fit index is found for the commercial non-trawl fishery (Figure 55), with a very good fit of 
an upward trend in the contemporary time series. In an interesting contrast is the ocean boast survey that 
covers the same years and shows a very similar selectivity, but shows an opposing downward trend (Figure 
55). The earlier time series for the recreational fishery (MRFSS) is also not well fit to the dynamics of the 
model and requires high additional variance to fit (Figure 56).

The two fishery independent surveys, the MPA (Figure 59) and the tagging survey (Figure 58) are also not 
well fit. Despite this, the estimated catchability for the tagging survey is 0.3, not far from the assumed value 
of 0.25 in the 2015 assessment.

3.7.1 Reference Model Outputs

3.7.1.1 Parameter Estimates and Derived Outputs A total of five population parameters, 
five survey variances and 16 selectivity parameters were estimated, along with 38 recruitment deviations. 
The reference model parameter estimates along with asymptotic standard errors are shown in Table 21 and 
the likelihood components are shown in Table 22. Estimates of derived outputs and reference points and 
approximate 95 percent asymptotic confidence intervals are provided in Table v.

The estimates of sex-specific growth parameters showed some differences from the externally estimated 
starting values (Table 21 and Figure 10). The estimated 𝐿∞ and 𝑘 for females and males were slightly greater 
than the values estimated externally. The majority of female and male Black Rockfish growth occurs at 
younger ages, reaching near maximum length by age 20-25, depending upon sex, with female Black Rockfish 
reaching larger maximum lengths (Figure 10).
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The time series of estimated recruitment deviations and annual recruitment deviations are shown in Figures 
60 and 61. Years with major recruitment deviations were estimated to have occurred around 1994, 1999-2000, 
2008, and 2016. These years are very similar to recruitment deviations seen in other rockfishes. One curious 
signal is the string of positive deviations from 2010-2014, though this is consistently apparent in most model 
runs. The variance check on the recruitment deviations indicates well informed recruitments from 1985 to 
2017, providing justification for the estimation of recruitment (Figure 65). Recruitment deviations after 
2017 are relatively uninformed and are not estimated. The recruitment bias adjustment applied within the 
model across years is shown in Figure 64. The Beverton-Holt stock-recruitment relationship compared to the 
recruitment deviations are given in Figure 63.

Estimated selectivity curves for each fleet and survey (Figure 66) look plausible (i.e., as a model convergence 
check for realism, the selectivity curves must look plausible). The trawl fishery is highly right shifted indicating 
only the largest individuals are taken by that fishery. Both the non-trawl and the recreational ocean-based 
fleet (the MRFSS fleet is mirrored to this fleet) demonstrate dome-shaped selectivity and are very similar 
though the recreational fishery is expected to take more larger individuals. The estimate of the peak size of 
selectivity for the two biggest removal sources (non-trawl = 43.12 cm; recreational ocean boat = 42.23 cm) 
are above the size of 50% functional maturity (40 cm).

3.7.1.2 Population Trajectory The predicted spawning output (in billions of eggs) is provided in 
Table 25 and plotted in Figure 67. Estimated spawning output shows a large decline starting in the late 
1970s when the recreational fishery begins in earnest. This decline is consistent until the late 1990s when 
it then rebounds due to several strong recruitments consistent with other rockfish stock assessments. The 
estimate of total biomass over time, which tracks that of spawning output, is shown in Figure 68.

Relative spawning output declined below the management target (𝑆𝑂40%) by the 1990s, but rebounded to 
above the target in the 2010s (Figure 69). The relative stock status at the start of 2023 (0.48) is estimated 
to be above the rockfish relative biomass target of 0.4. Uncertainty intervals are extremely small and 
unbelievable, thus emphasizing alternative model specifications (mainly in the treatment of catchability) to 
capture uncertainty. The strong recruitment events are responsible for the dramatic increase and elevated 
stock status. Numbers of age-0 individuals indicate those years of particularly strong recruitment (Figure 60).

This current estimate shows a higher overall biomass (Figure 70), but similar relative stock status, as the 
2015 stock assessment (Figure 71). The differences in the scale, population dynamics, and current stock 
status are mostly due to the updated historical catch history, the estimation of recruitment deviations, and 
the pinning of the model to a different catchability (acoustic-visual survey vs the tag survey in 2015).

3.8 Characterizing uncertainty

3.8.1 Sensitivity Analyses

Sensitivity analyses were conducted to evaluate model sensitivity to alternative data treatment and model 
specifications.

3.8.1.1 Data treatment sensitivities Data treatments explored included the treatment of catcha-
bility for the acoustic-visual survey and the tagging data, the removal of any one data source, and alternative 
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approaches to data weighting. All scenarios match the reference model specifications in all other aspects 
unless otherwise stated.

• Remove abundance index series
1. No Acoustic visual
2. No tagging index
3. No non-trawl index
4. No ORBS index
5. No MRFSS index
6. No MPA index
7. Add SMURFs index

• Data weighting (Table 26)
8. No data-weighting
9. Dirichlet data-weighting

10. McAllister-Ianelli data weighting
• Other

11. 2015 Catch history
12. Sex = 3
13. Sex = 3 and estimate 𝑀
14. No age bias

Likelihood values and estimates of key parameters and derived quantities from each data treatment sensitivity 
are available in Table 30. Derived quantities relative to the reference model are provided in Figure 72. Time 
series of spawning output and relative spawning output are shown in Figures 73 and 74.

From a data standpoint, the model was most sensitive to how information on absolute abundance, or 
population scale, from the acoustic-visual and tag survey data, as was demonstrated in-depth in section 
3.5.1.1. For the current reference model that does not weight those as heavily, there is much less of an 
influence in key management quantities (e.g., stock size and status; Figures 72, 73, and 74) when dropping 
those two indices. The model was generally robust to the removal of any single index accept for the non-trawl 
survey, which supports the more recent increase in stock size. The harmonic mean data weighting approach 
(based on the McAllister-Ianelli method) resulted in negligible change from the reference model that used 
the Francis weighting method. The Dirichlet method only minimally adjusted the input sample sizes, nearly 
mimicking the sensitivity model where no weighting was conducted, which had the effect of increasing initial 
and current estimates of stock size (the latter more than the former), resulting in an increase in stock status.

The remaining sensitivity scenarios gave mixed, but generally moderate changes in the derived quantities, 
especially considering the overall internally estimated uncertainty in the model is so low (~10%). The 
catch history treatment did very little to change model results. Conserving the sex ratio in the biological 
composition (option Sex=3) lowered the current stock size just beyond the lower bound of the internally 
estimate variance, and thus also the relative stock size. But when 𝑀 was estimated while using the Sex=3 
option, both males and female 𝑀 values were very high and not basically the same, thus presenting an 
unexpected biological relationship (Table 30). This is different from what is seen when 𝑀 is estimated but the 
sex ratio is not forced to match the sampled biological data, which does estimate male 𝑀 to be lower than 
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female 𝑀 (Table 31). Comparing the realized sex ratios from each model shows the Sex=3 option (Figure 75) 
to skew toward more females more than the reference model (Figure 76) that frees the model from the sex 
ratio constraint . While a sex ratio of close to or >0.5 for females may seem odd when females die faster 
than males, it makes sense in light of sex-specific growth (females are larger than males) and dome-shaped 
selectiity (males are caught more than females). This difference is demosntrated by looking at the realized sex 
ratios from the reference model using logistic selectivity (Figure 77), which returns a more male-dominited 
sex ratio. It is thus not clear that adding the additional sex ratio constraint on the biological data returns 
more realistic biological relationships. Lastly, assuming no bias in ageing produced slightly lower current 
stock sizes and resultant lower relative stock size. None of the data treatments caused the stock to drop 
below the overfished limit.

3.8.1.2 Model specification sensitivities Model specifications looked at the estimation of individual 
and combinations of life history parameters, including the treatment of natural mortality, growth, maturity, 
fecundity and recruitment, and fishery selectivity. All scenarios match the reference model specifications in 
all other aspects unless otherwise stated.

• Life history estimation
– Natural mortality (𝑀)

1. Use 2015 𝑀 values
2. Lorenzen age varying 𝑀
3. Estimate 𝑀

– Growth parameters
4. Fix all growth parameters to external values, estimate 𝑀
5. Fix all growth parameters to external values
6. Estimate 𝐿𝐴𝑚𝑖𝑛
7. Estimate 𝐶𝑉𝑦𝑜𝑢𝑛𝑔 and 𝐶𝑉𝑜𝑙𝑑

– Reproductive Biology
8. Use biological maturity ogive (logistic model)
9. Use functional maturity ogive (logistic model)

10. Fecundity proportional to weight
– Recruitment estimation

11. No recruitment estimation
12. Estimate recruitment for all years in the model

• Selectivity
13. Estimate logistic selectivity for all fleets

Likelihood values and estimates of key parameters and derived quantities from each model specification 
sensitivity are available in Table 31. Derived quantities relative to the reference model are provided in Figure 
78. Time series of spawning output and relative spawning output are shown in Figures 79 and 80. In general, 
none of the model specification scenarios caused the model to drop below the overfished limit, and only two 
(deterministic recruitment and all logistic selectivity) caused it to drop below the target reference level. Only 
three of the thirteen scenarios were outside the fairly tight confidence limits of the reference model, two above 
(fixed growth, estimated 𝑀; estimating all years of recruitment deviations) and one below (deterministic 
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recruitment). Current spawning output was the most sensitive of the main derived outputs, with lower 𝑀, 
fixed growth, and deterministic recruitment causing lower values, and maturity and fecundity treatments 
causing higher biomass estimates. Many of those treatments also affected the initial spawning output in the 
same direction.

3.8.2 Likelihood Profiles

Likelihood profiles were conducted for the the log of initial recruitment (ln(𝑅0)), steepness (ℎ), and female and 
male natural mortality (𝑀) varying together with a constant ratio matching the reference model (0.19/0.17, 
female and male values respectively). Likelihood profiles were conducted by fixing the featured parameter(s) 
at specific values across a range of values and estimating all remaining parameters. A likelihood profile offers 
insight into model sensitivity to changing model parameter values, while providing an additional way to 
describe uncertainty in the parameter by identifying the range of parameters within 1.96 likelihood units of 
the reference model.

The profile on the assumption of 𝑙𝑛𝑅0, which sets the initial scale of the population) demonstrates the 
expected scaling up and down of the population with increasing and decreasing initial recruitment, respectively 
(Figure 81). The likelihood profile is well informed to the ultimate maximum likelihood estimate. The change 
in the current year spawning output is steeper than the initial spawning output, leading to a u-shaped 
relationship in relative biomass. No values of 𝑙𝑛𝑅0 caused the population to approach an overfished state. 
The non-trawl and ocean boat ages and recruitment data are most supportive of a well-informed initial scale, 
whereas the index data are not informative to the population scale (Figure 82).

The steepness profile showed little information content for this parameter (Figure 83) as the best fit value 
went towards the bound of 1. Changing steepness mostly changed the estimate of initial stock size, with a 
higher initial stock size needed to make up for the lower recruitment compensation. Overall, the relative 
stock size changed little with higher steepness values, then dropped most notable below values of 0.5. The 
age compositions pushed the steepness to the highest value, whereas the index data indicated a mixed signal 
for the lowest and highest steepness values (Figure 84).

The combined profile that varies female and male 𝑀 while maintaining the reference model offset demonstrated 
what had be seen in the model development, that when freely estimated, the model wants natural mortality 
values to be unreasonably high (Figure 85). All likelihood components confirm the drive for higher 𝑀 values 
for both sexes (Figures 86 to 42). Similar to the steepness profile, the lower natural mortality values lead to 
lower productivity, and thus the need for a higher initial biomass, which changes quicker than the current, 
more pinned down, current biomass value. While the scale does change substantially, the current relative 
stock status is fairly stable and always above the target level.

3.8.3 Retrospective Analysis

A five-year retrospective analysis was conducted by running the model and sequentially removing one year of 
data up through minus 5 years. Retrospective spawning output (Figure 87) and relatives stock status (Figure 
88) estimates show a large shift away from a growing population once the acoustic-visual survey is removed 
from the population. The scale shifts downward and the population status show a declining population at or 
below the unfished level. This shows the weight of the treatment choice in the acoustic survey, as well as the 
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more recent data that confirm a recent recruitment. The Mohn’s rho evaluation of the degree of retrospective 
pattern in given in Table 32.

3.8.4 Unresolved Problems and Major Uncertainties

The biggest uncertainty and unresolved conflict is trying to reconcile the signal in the biological data (which 
want a lower population size and status) versus the acoustic and tag surveys (which want high stock sizes 
and status). This is the major issue the current assessment is confronting. Another acoustic-visual survey 
data point could help resolve how much uncertainty there is in the estimate. The lack of contrast in the 
length composition data, despite large sample sizes, is another barrier to interpreting the current conditions, 
as lengths drive the model to a lower stock status, while the ages push it to higher stock status, but not as 
high as the acoustic-visual survey would have it.

4 Management
4.1 Reference Points
Reference points were based on the rockfish FMSY proxy (SPR50%), target relative biomass (40%), and 
estimated selectivity and catch for each fleet (Table 23). The yield values are lower than the previous 
assessment for similar reference points due to updated life history estimates. The proxy FMSY values of 
management quantities, based on exploitation rates that achieve SPR50% and SO40%, are more conservative 
(lower) than the exploitation rate at estimated MSY. Sustainable total yield using the proxy SPR50% is 422 
mt. The spawning output equivalent to 40 percent of the unfished spawning output (SO40%) calculated using 
the SPR target (SPR50%) was 596.1 meggs.

Recent removals have been close to the point estimate of potential long-term yields calculated using an 
SPR50% reference point, though the population size has continued to increase over recent years due to several 
above average recruitments. The equilibrium estimates of yield relative to biomass based on a steepness value 
fixed at 0.72 are provided in Figure 92, where vertical dashed lines indicate the estimate of fraction unfished 
at the start of 2023 (current) and the estimated management targets calculated based on the relative target 
biomass (B target), the SPR target, and the maximum sustainable yield (MSY).

The 2023 spawning output relative to unfished equilibrium spawning output is above (45 percent) the 
management target of 40 percent of unfished spawning output (i.e., 1.08 times above the target spawning 
output; Figure vii). The relative biomass and the ratio of the estimated SPR to the management target 
(SPR50%) across all model years are shown in Figure vii where warmer colors (red) represent early years and 
colder colors (blue) represent recent years. There have been periods where the stock status has decreased 
below the target and fishing intensity has been higher than the target fishing intensity based on SPR50%. 
Fishing intensity during the most recent year (2022) is estimated to be above the fishing intensity target 
(1.18 times SPR50%; Figure vii).

4.2 Management performance
Black Rockfish removals have generally been below the equivalent ABC-ACL over the recent decade, with the 
exception of 2017 and 2022 when removals were slightly higher (Table 24). Exploitation on Black Rockfish 
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increased starting around 1940 and reached a high in the late 1970s. Since that time, catch has mostly 
fluctuated between 300 and 500 mt per year, with some years exceeding 600 mt. Removals have averaged 483 
mt over the past decade. The last ten years of Black Rockfish acceptable biological catch (ABC) and annual 
catch limit (ACL) have been set, by definition, below the overfishing limit (OFL) (Table 24). Prior to 2017, 
management specifications were set for Black Rockfish in California and Oregon waters combined. The Black 
Rockfish OFL has not been exceeded by Oregon removals over the past decade. The ACL and ABC were 
exceeded in 2017 and 2022 by a small margin, but were more than offset by underages in intervening years.

4.3 Harvest Projections and Decision Tables
The Black Rockfish assessment is being considered as a category 1 assessment with a 𝑃 ∗ = 0.45, sigma = 0.5, 
and a time-varying buffer applied to the OFL. These multipliers are also combined with the rockfish MSY 
proxy of FSPR=50% MSY and the 40-10 harvest control rule to calculate OFLs, ABCs and ACLs. A twelve 
year (2023-2034) projection of the reference model using these specifications along with input removals for 
2023 and 2024 provided by the Groundfish Management Team is provided in Table 33.

Uncertainty in management quantities for the reference model was characterized by exploring various model 
specifications in a decision table. Initial explorations considered alternative specifications of catchability 
for the acoustic-visual survey and well as weighting of the biological data. The final states of nature were 
defined as follows: the high state of nature was the pre-STAR reference model that assume the q on the 
acoustic-visual survey is 1.82, the highest value deemed reasonable by the acoustic survey team; the low 
state of nature assumes q = 1 for the acoustic-visual survey, but allows the large CV (45%) on the index, 
thus allowing the length composition data to drive the model to a lower scale and stock status. Figure 93 
and Figure 94 present spawning output and relative stock status, respectively, of the three states of nature. 
The catch rows assume P* values of 0.45 and 0.4, then a constant catch using the yield at FSPR=0.5. The 
resultant decision table is provided in Table 34.

4.4 Evaluation of Scientific Uncertainty
The model-estimated uncertainty around the 2023 spawning output was 𝜎 = 0.14 and the uncertainty around 
the OFL was 𝜎 = 0.12. This is clearly an underestimate of overall uncertainty because of the necessity to fix 
some life history parameters such as natural mortality and steepness, as well as a lack of explicit incorporation 
of model structural uncertainty. The alternative states of nature used to bracket uncertainty in the decision 
table assist with encapsulating model structure uncertainty.

4.5 Regional Management Considerations
This stock assessment is specifically for Black Rockfish in state and federal waters off Oregon. As such, no 
specific regional management considerations and associated documentation is anticipated to be required. 
Separate stock assessments conducted in 2023 for Black Rockfish off of California and Washington can be 
found on the Pacific Fishery Management Council website (hyperlink).

4.6 Research and Data Needs
This section briefly highlights progress on research and data needs identified in the most recent (2015) Black 
Rockfish assessment, and then provides recommendations for future research.
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Research and data needs identified in the last assessment (italics) are listed here followed by a brief response 
for each.

Further investigation into the movement and behavior of older (> age 10) females to reconcile their absence 
in fisheries data. If the females are currently inaccessible to fishing gear, can we find where they are? This 
information is essential before another black rockfish assessment is undertaken. Response: Work by ODFW, 
Rasmuson et al. (2023), specifically looked at finding older female Black Rockfish. While this work was a 
step in the right direction, more hypothesis-drive work is needed to reconcile the fate of older females (thus 
this recommendation remains moving forward, see item 1 below).

Appropriate natural mortality values for females and males. This will help resolve the extent to which 
dome-shaped age-based selectivity may be occurring for each. This is a larger question on how to empirically 
estimate 𝑀 when direct measures are not available, which is usually the case. Response: While natural 
mortality remains an unknown, this assessment does explore the estimation of 𝑀 using informed priors based 
on the Hamel and Cope (2022) method. Research related to male and female 𝑀 remains a topic for further 
research (see item 3 below).

All states needed improved historical catch reconstructions. The trawl fishery catches in particular need 
attention. Given the huge historical removals of that fleet in each state, the assessment is very sensitive to the 
assumed functional form of selectivity. A synoptic catch reconstruction is recommended, where states work 
together to resolve cross-state catch issues as well as standardize the approach to catch recommendations.
Response: While work has been conducted to improve historical catch reconstruction for various fleets (much 
of which went into the updated catch time-series used in this assessment), there still is more work to do (see 
item 4 below).

Identifying stanzas or periods of uncertainty in the historical catch series will aid in the exploration of catch 
uncertainty in future assessment sensitivity runs. Response: This has largely been addressed with recent 
historic catch reconstruction updates.

The ODFW tagging study off Newport should be continued and expanded to other areas. To provide better prior 
information on the spatial distribution of the black rockfish stock, further work should be conducted to map the 
extent of black rockfish habitat and the densities of black rockfish residing there. Response: The coastwide 
Black Rockfish acoustic-visual survey conducted in 2021 used contemporary habitat maps during study design 
development and has a goal of estimating coastwide abundance as well as habitat-specific densities.

Interpreting the ODFW tagging study needs further work. The Brownie model is a closed-model estimate 
of abundance, an assumption that could have meaningful influence on the interpretation of the survey 
catchability. Given that catchability parameter is currently driving the Oregon, realistic values for it need 
further consideration. Response: The coastwide acoustic-visual survey was used to pin the absolute estimate 
of abundance in 2021, thereby providing an anchor for the tagging data catchability.

Age validation and verification is still needed, particularly in Oregon. A number of historical ages were 
excluded from the Oregon model due to concerns over differences among age readers. These age structures need 
to be re-read to recovery the information in those samples. Historical structures from trawl and recreational 
fisheries in particular should be re-aged by reliable readers and included in future assessments. Oregon ageing 
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error was also quite different from the other two states, so further investigation on the inter-reader error and 
how to decrease it need reconsideration. Response: Considerable effort went into not only reading new Black 
Rockfish ages but also double reading historical age structures (see the section on Ageing Bias and Precision 
for specific details).

An independent nearshore survey should be supported in all states to avoid the reliance on fishery-based CPUE 
indices. Response: A coastwide acoustic-visual survey was conducted in Oregon waters during 2021.

Stock structure for black rockfish is a complicated topic that needs further analysis. How this is determined 
(e.g., exploitation history, genetics, life history variability, biogeography, dispersal and movement, etc.) and 
what this means for management units needs to be further refined. This is a general issue for all nearshore 
stocks that likely have significant and small scale stock structure among and within states, but limited data 
collections to support small-scale management. Response: This recommendation still stands and is included 
in future research recommendations (see item 5 below).

Recommended avenues for research to help improve future Black Rockfish stock assessments include (but are 
not limited to):

1. Continue work on the investigation into the movement, and behavior or mortality of older (> age 10) 
females to further reconcile their absence in fisheries data.

2. Conduct population genetics studies on fish observed off of the continental shelf (middle of the gyre 
and at sea mounts) to determine their association with the nearshore stocks.

3. Continue to build evidence for appropriate natural mortality values for females and males.
4. Improved historical catch reconstructions. Specifically, the historic trawl fishery catches (pre-1987) 

in particular require attention. A synoptic catch reconstruction is recommended, where states work 
together to resolve cross-boundary state catch issues as well as standardize the approach to catch 
recommendations to the extent possible.

5. Stock structure for Black Rockfish is a complicated topic that needs further analysis. How this is 
determined (e.g., exploitation history, genetics, life history variability, biogeography, etc.) and what 
this means for management units needs to be further refined. This is a general issue for all nearshore 
stocks that likely have significant and small scale stock structure among and within states, but limited 
data collections to support small-scale management.

6. Continue acoustic-visual fisheries independent coastwide survey to develop a time series. Further refine 
the survey by addressing the recommendations of the SSC methodology review from 2022. Examine 
the potential of using spatial modeling to reduce the uncertainty in the population estimates from the 
acoustic-visual fisheries independent coastwide survey. The STAR panel suggested the survey team 
focus on improving the survey estimates by a) obtaining a target strength estimate for black rockfish, 
and b) developing a method for in-situ transducer calibration.

7. Reconcile contradictory signal in the Black Rockfish biology versus the population scale.
8. Better understand the ecology and habitats of Black Rockfish from settlement to age 4. Further 

development of surveys aimed specifically at recruitment or settlement rates of nearshore species, such 
as OSU’s SMURF collections, that are not frequently encountered in offshore federal age-0 surveys is 
needed.

9. Consider additional capacities in Stock Synthesis to model marine reserves (i.e., closed to fishing) and 
areas that are open to fishing.
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10. Simulation analyses or make a standard sensitivity exploration to examine circumstances in which 
options for treatment sex data for composition data are preferable under Option 1 or 2 treating them as 
separate or Option 3 treating them as combined and preserving sex ratio within samples. Such studies 
should aim to provide criteria for their application to inform guidance in the PFMC’s Groundfish 
Terms of Reference and Accepted Practices documents.

11. Develop and evaluate using the acoustic visual survey data to develop an informative prior for the PIT 
tag survey.

12. Continue to collect functional maturity information and evaluate the role of geography, environmental 
forcing, and density dependence on functional maturity estimates for Black Rockfish.
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Table 1: Landings and discards by year and fleet

 Year Trawl Non-Trawl Ocean Boat Shore Total

 1892 0.00 0.25 0.00 0.25 0.50
 1893 0.00 0.25 0.00 0.25 0.50
 1894 0.00 0.25 0.00 0.25 0.50
 1895 0.00 0.06 0.00 0.06 0.12
 1896 0.00 0.02 0.00 0.02 0.04
 1897 0.00 0.02 0.00 0.02 0.04
 1898 0.00 0.01 0.00 0.01 0.02
 1899 0.00 0.02 0.00 0.02 0.04
 1900 0.00 0.02 0.00 0.02 0.04
 1901 0.00 0.03 0.00 0.03 0.06
 1902 0.00 0.03 0.00 0.03 0.06
 1903 0.00 0.04 0.00 0.04 0.08
 1904 0.00 0.05 0.00 0.05 0.10
 1905 0.00 0.05 0.00 0.05 0.10
 1906 0.00 0.06 0.00 0.06 0.12
 1907 0.00 0.06 0.00 0.06 0.12
 1908 0.00 0.07 0.00 0.07 0.14
 1909 0.00 0.08 0.00 0.08 0.16
 1910 0.00 0.08 0.00 0.08 0.16
 1911 0.00 0.09 0.00 0.09 0.18
 1912 0.00 0.10 0.00 0.10 0.20
 1913 0.00 0.10 0.00 0.10 0.20
 1914 0.00 0.11 0.00 0.11 0.22
 1915 0.00 0.11 0.00 0.11 0.22
 1916 0.00 0.12 0.00 0.12 0.24
 1917 0.00 0.13 0.00 0.13 0.26
 1918 0.00 0.13 0.00 0.13 0.26
 1919 0.00 0.14 0.00 0.14 0.28
 1920 0.00 0.15 0.00 0.15 0.30
 1921 0.00 0.15 0.00 0.15 0.30
 1922 0.00 0.16 0.00 0.16 0.32
 1923 0.00 0.16 0.00 0.16 0.32
 1924 0.00 0.17 0.00 0.17 0.34
 1925 0.00 0.18 0.00 0.18 0.36
 1926 0.00 0.18 0.00 0.18 0.36
 1927 0.00 0.19 0.00 0.19 0.38
 1928 0.00 0.33 0.00 0.33 0.66
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Table 1: Landings and discards by year and fleet (continued)

 Year Trawl Non-Trawl Ocean Boat Shore Total

 1929 0.00 0.89 0.00 0.88 1.77
 1930 0.00 1.13 0.00 1.12 2.25
 1931 0.00 0.68 0.00 0.67 1.34
 1932 0.28 0.14 0.00 0.14 0.56
 1933 0.17 0.26 0.00 0.26 0.69
 1934 0.01 0.32 0.00 0.32 0.65
 1935 0.14 0.21 0.00 0.21 0.56
 1936 0.50 0.85 0.00 0.84 2.19
 1937 0.97 1.74 0.00 1.73 4.44
 1938 0.00 1.78 0.00 1.77 3.55
 1939 1.37 1.97 0.00 1.95 5.29
 1940 1.32 2.61 0.00 2.59 6.52
 1941 3.43 2.14 0.00 2.12 7.69
 1942 5.28 2.94 0.00 2.92 11.15
 1943 32.62 3.90 0.00 3.87 40.40
 1944 75.31 4.17 0.00 4.14 83.62
 1945 125.30 4.63 0.00 4.59 134.52
 1946 88.26 4.25 0.00 4.22 96.74
 1947 29.37 1.62 0.00 1.61 32.60
 1948 17.74 2.75 0.00 2.73 23.22
 1949 5.92 1.65 0.00 1.64 9.21
 1950 56.44 1.94 0.00 1.92 60.30
 1951 15.02 1.18 0.00 1.17 17.37
 1952 5.66 1.69 0.00 1.68 9.03
 1953 19.22 0.89 0.00 0.88 20.99
 1954 24.92 0.83 0.00 0.82 26.57
 1955 33.37 1.57 0.00 1.56 36.51
 1956 23.05 0.90 0.00 0.89 24.83
 1957 22.48 1.53 0.00 1.52 25.54
 1958 33.53 0.64 0.00 0.64 34.81
 1959 41.18 1.02 0.00 1.01 43.21
 1960 73.43 1.55 0.00 1.54 76.53
 1961 60.25 1.81 0.00 1.80 63.86
 1962 58.02 1.44 0.00 1.43 60.89
 1963 45.43 1.52 0.00 1.51 48.46
 1964 28.08 0.69 0.00 0.68 29.44
 1965 48.29 2.94 0.00 2.92 54.15
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Table 1: Landings and discards by year and fleet (continued)

 Year Trawl Non-Trawl Ocean Boat Shore Total

 1966 43.47 2.06 0.00 2.04 47.57
 1967 26.46 4.39 0.00 4.36 35.21
 1968 23.67 4.14 0.00 4.11 31.92
 1969 49.51 8.27 0.00 8.20 65.98
 1970 29.71 3.89 0.00 3.86 37.46
 1971 32.32 8.19 0.00 8.12 48.63
 1972 43.24 10.61 0.00 10.53 64.39
 1973 38.43 11.32 49.59 11.23 110.57
 1974 24.17 13.94 98.34 13.83 150.28
 1975 26.52 7.49 147.10 7.43 188.54
 1976 5.37 9.62 195.86 9.54 220.38
 1977 7.18 11.65 244.61 11.56 275.00
 1978 10.11 16.35 293.37 16.22 336.05
 1979 27.87 39.97 341.29 39.65 448.78
 1980 14.25 25.15 237.96 28.09 305.45
 1981 21.77 22.26 419.97 12.57 476.56
 1982 39.27 45.44 556.80 9.85 651.36
 1983 2.98 95.32 386.14 14.59 499.03
 1984 16.54 63.96 444.91 7.97 533.38
 1985 14.14 61.03 258.11 8.68 341.97
 1986 7.57 45.62 242.37 13.15 308.71
 1987 0.51 116.43 214.23 26.62 357.80
 1988 2.03 90.03 239.73 62.48 394.27
 1989 1.60 121.95 322.84 11.37 457.76
 1990 0.40 171.42 316.20 13.84 501.85
 1991 0.04 179.63 145.93 16.41 342.01
 1992 10.44 343.27 267.26 19.08 640.06
 1993 4.92 118.90 397.50 21.86 543.18
 1994 39.55 149.79 279.91 16.30 485.55
 1995 2.08 94.78 336.26 12.36 445.48
 1996 0.04 144.76 362.78 11.73 519.31
 1997 1.89 172.99 362.21 13.28 550.38
 1998 11.14 132.21 318.08 5.67 467.09
 1999 0.32 125.70 155.04 6.54 287.60
 2000 0.64 107.14 212.69 15.75 336.23
 2001 0.18 147.85 290.72 18.67 457.42
 2002 1.23 126.32 284.61 27.34 439.51
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Table 1: Landings and discards by year and fleet (continued)

 Year Trawl Non-Trawl Ocean Boat Shore Total

 2003 0.36 116.62 321.18 19.53 457.69
 2004 1.47 117.43 324.27 7.00 450.17
 2005 0.52 100.29 303.88 6.81 411.49
 2006 2.29 93.67 259.11 13.28 368.35
 2007 0.32 101.85 247.43 13.28 362.88
 2008 0.19 99.19 227.67 13.28 340.32
 2009 0.22 134.48 277.62 13.28 425.59
 2010 0.34 101.12 292.14 13.28 406.89
 2011 0.76 97.54 198.72 13.28 310.30
 2012 0.76 96.72 210.14 13.28 320.90
 2013 0.08 107.47 321.31 13.28 442.14
 2014 0.71 122.92 342.55 13.28 479.45
 2015 0.51 122.12 458.61 13.28 594.52
 2016 0.64 105.95 404.65 13.28 524.53
 2017 0.26 125.21 402.67 13.28 541.43
 2018 0.03 122.98 278.78 13.28 415.07
 2019 0.01 119.19 305.07 13.28 437.55
 2020 0.04 101.79 320.45 13.28 435.56
 2021 0.00 101.53 320.73 13.28 435.54
 2022 0.00 118.11 394.61 13.28 526.00
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Table 2: Sampled commercial length composition by year, fleet and sex.

 Year Trawl Trawl Trawl Non- Non- Non- Non-
Female Male Total trawl trawl trawl trawl 

Female Male Un- Total
sexed

 1985 283 321 604 0 0 0 0
 1992 0 0 0 79 124 0 203
 1994 19 22 41 0 0 0
 1995 0 0 0 214 220 5 439
 1996 0 0 0 75 153 0 228
 1997 62 105 167 107 167 0 274
 1998 25 43 68 100 213 0 313
 1999 0 0 0 58 94 0 152
 2000 0 0 0 280 323 0 603
 2001 17 3 20 511 518 0 1029
 2002 0 0 0 670 569 93 1332
 2003 18 25 43 631 694 46 1371
 2004 38 30 68 1811 1687 0 3498
 2005 28 8 36 1017 1208 0 2225
 2006 83 89 172 2097 2254 49 4400
 2007 0 0 0 2033 1781 24 3838
 2008 22 32 54 1495 1360 5 2860
 2009 9 4 13 1438 1417 76 2931
 2010 14 15 29 1895 2109 224 4228
 2011 35 77 112 2368 1991 0 4359
 2012 33 48 81 1802 1642 53 3497
 2013 3 2 5 2249 1967 60 4276
 2014 68 55 123 3446 3238 57 6741
 2015 42 28 70 3001 3334 18 6353
 2016 56 70 126 3266 2890 11 6167
 2017 24 20 44 2787 2461 4 5252
 2018 5 7 12 2825 2235 22 5082
 2019 4 1 5 2106 2506 31 4643
 2020 5 4 9 834 822 13 1669
 2021 0 0 0 1703 1494 2 3199
 2022 0 0 0 1996 2010 0 4006
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Table 3: Available recreational fishery length samples by year, sex and fleet

 Year Ocean Ocean Ocean Ocean Shore Shore Shore Shore 
Female Male Un- Total Female Male Un- Total

known known

 1980 653 653 324 324
 1981 475 475 149 149
 1982 950 950 110 110
 1983 314 314 129 129
 1984 1384 1384 178 178
 1985 1826 1826 298 298
 1986 1336 1336 309 309
 1987 913 913 168 168
 1988 1409 1409 267 267
 1989 1041 1041 113 113
 1993 1893 1893 343 343
 1994 2233 2233 263 263
 1995 2172 2172 200 200
 1996 2228 2228 261 261
 1997 3080 3080 279 279
 1998 3916 3916 84 84
 1999 1803 1805 5251 8859 199 199
 2000 2318 2515 4259 9092 163 163
 2001 1656 1445 5671 8772 0
 2002 1966 1791 3712 7469 0
 2003 1747 1714 3637 7098 0
 2004 1652 1609 2754 6015 0
 2005 1538 1587 3954 7079 0
 2006 1050 1123 7295 9468 0
 2007 1020 1032 10741 12793 0
 2008 1 11764 11765 0
 2009 565 528 11344 12437 0
 2010 585 576 11901 13062 0
 2011 540 567 11750 12857 0
 2012 523 544 12394 13461 0
 2013 516 522 12652 13690 0
 2014 553 530 11709 12792 0
 2015 530 548 12784 13862 0
 2016 537 561 10596 11694 0
 2017 442 549 10233 11224 0
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Table 3: Available recreational fishery length samples by year, sex and fleet (continued)

 Year Ocean Ocean Ocean Ocean Shore Shore Shore Shore 
Female Male Un- Total Female Male Un- Total

known known

 2018 584 619 11825 13028 0
 2019 578 576 11727 12881 0
 2020 550 560 989 2099 0
 2021 533 562 9328 10423 0
 2022 557 592 7857 9006 0
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Table 4: Input sample sizes (trips or drifts) for length composition data.

 Year Trawl Trawl Non- Non- Non- Ocean Shore MPA 
Female Male Trawl Trawl Trawl Un- Un- Un-

Female Male Un- known known known
known

 1980 16 33
 1981 12 35
 1982 15 29
 1983 11 18
 1984 19 26
 1985 25 29
 1986 22 36
 1987 25 25
 1988 33 32
 1989 16 23
 1990
 1991
 1992 19 25
 1993 34 29
 1994 4 4 31
 1995 45 45 3 30
 1996 16 27 32
 1997 11 17 25 33 39
 1998 5 8 27 42 41
 1999 15 20 33
 2000 68 75 35
 2001 3 1 133 136 509
 2002 177 168 14 620
 2003 4 5 198 213 8 699
 2004 8 7 448 436 474
 2005 5 2 236 259 688
 2006 19 20 450 471 13 1139
 2007 478 435 7 1599
 2008 7 8 375 350 2 1684
 2009 3 3 404 396 17 1387
 2010 3 4 539 564 48 1652
 2011 14 19 682 610 2067 19
 2012 11 13 493 483 25 2071 20
 2013 3 2 647 606 18 2009 68
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Table 4: Input sample sizes (trips or drifts) for length composition data. (continued)

 Year Trawl Trawl Non- Non- Non- Ocean Shore MPA 
Female Male Trawl Trawl Trawl Un- Un- Un-

Female Male Un- known known known
known

 2014 20 16 915 869 21 1527 111
 2015 15 8 826 870 15 1619 136
 2016 17 18 811 746 7 1374 117
 2017 8 9 704 645 5 1283 76
 2018 3 5 712 621 18 2083 82
 2019 5 1 663 720 24 1743 69
 2020 4 4 251 249 13 150
 2021 463 432 2 1453
 2022 560 561 1313 46
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Table 5: Sampled commercial ages by year, fleet and sex. These are equivalent to input sample sizes.

 Year Trawl Trawl Total Non- Non- Non- Total
Female Male trawl trawl trawl 

Female Male Unsexed

 1985 283 321 604
 1992 52 91 143
 1994 19 22 41
 1995
 1996
 1997
 1998 16 20 36 44 114 158
 1999
 2000 134 153 287
 2001 99 106 205
 2002 172 144 316
 2003 18 25 43 218 225 443
 2004 38 30 68 206 179 385
 2005 132 178 310
 2006 83 88 171 286 281 34 601
 2007 311 324 635
 2008 22 32 54 281 284 565
 2009 9 4 13 401 394 31 826
 2010 14 14 28 402 369 65 836
 2011 31 71 102 440 338 778
 2012 15 26 41 376 367 4 747
 2013 3 2 5 223 203 5 431
 2014 53 14 67 558 299 11 868
 2015 14 10 24 492 429 6 927
 2016 29 21 50 473 426 1 900
 2017 18 6 24 524 456 2 982
 2018 2 4 6 570 441 10 1021
 2019 3 1 4 406 463 8 877
 2020 5 4 9 489 450 13 952
 2021 467 440 1 908
 2022 479 422 901
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Table 6: Age samples by year and sex for the Ocean Boat fleet (equivalent to input sample sizes). There are no ages for the 
recreational Shore fleet

 Year Female Male Unknown Total

 1999 1804 1806 160 3770
 2000 2318 2515 24 4857
 2001 1656 1445 57 3158
 2002 1966 1791 5 3762
 2003 1747 1714 6 3467
 2004 1688 1649 0 3337
 2005 1538 1587 9 3134
 2006 1049 1122 15 2186
 2007 1020 1032 9 2061
 2009 565 527 0 1092
 2010 585 576 17 1178
 2011 540 566 22 1128
 2012 523 543 25 1091
 2013 516 522 10 1048
 2014 553 530 10 1093
 2015 530 548 11 1089
 2016 537 561 3 1101
 2017 442 549 2 993
 2018 584 619 0 1203
 2019 578 576 5 1159
 2020 550 560 8 1118
 2021 533 562 7 1102
 2022 557 592 4 1153
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Table 7: Summary of survey index of abundance observations (Obs.) and input standard error (SE) used in the stock assessment.

 Year Log.Obs.Log.SE ORBS ORBS MPA MPA AV AV Tag Tag MRFFS MRFFS 
Obs. SE Obs. SE Obs. SE Obs. SE Obs. SE

 1981 1.81 0.125
 1982 1.78 0.178
 1983 0.82 0.213
 1984 1.05 0.156
 1985 1.52 0.125
 1986 1.39 0.123
 1987 0.92 0.164
 1988 0.79 0.181
 1989 1.21 0.098
 1990
 1991
 1992
 1993 1.34 0.075
 1994 1.21 0.079
 1995 1.68 0.087
 1996 1.48 0.106
 1997 2.23 0.147
 1998 2.02 0.067
 1999 1.65 0.073
 2000 2.00 0.078
 2001 0.46 0.048
 2002 0.43 0.047
 2003 0.49 0.047
 2004 7.56 0.053 0.46 0.044
 2005 8.67 0.053 0.41 0.042 1889.9 0.040
 2006 9.36 0.054 0.35 0.042 1644.1 0.036
 2007 10.23 0.054 0.34 0.041 1732.6 0.039
 2008 8.25 0.054 0.36 0.039 1472.7 0.038
 2009 10.52 0.054 0.42 0.041 1496.7 0.034
 2010 9.55 0.054 0.39 0.039 1344.7 0.035
 2011 8.95 0.052 0.30 0.040 1.56 0.307 1052.8 0.035
 2012 9.02 0.052 0.26 0.040 2.10 0.310 1319.8 0.033
 2013 9.71 0.050 0.28 0.040 3.71 0.224 1570.7 0.035
 2014 11.39 0.051 0.34 0.040 3.06 0.201
 2015 10.52 0.050 0.35 0.039 2.64 0.159
 2016 11.47 0.054 0.35 0.038 2.21 0.221
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Table 7: Summary of survey index of abundance observations (Obs.) and input standard error (SE) used in the stock assessment 
(continued)

 Year Log.Obs.Log.SE ORBS ORBS MPA MPA AV AV Tag Tag MRFFS MRFFS 
Obs. SE Obs. SE Obs. SE Obs. SE Obs. SE

 2017 11.65 0.053 0.40 0.037 1.94 0.165
 2018 11.34 0.052 0.21 0.053 1.39 0.222
 2019 9.80 0.051 0.26 0.049 1.39 0.166
 2020 10.67 0.054 0.32 0.047 1.52 0.255
 2021 12.15 0.055 0.29 0.047 13045.6 0.001
 2022 11.26 0.051 0.30 0.046
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Table 8: Number of commercial logbook samples (trips) with and without detecting the target species, Black Rockfish.

 Year Samples with Samples Total Samples Percent 
Target without Target Positive

 2004 1143 68 1211 0.94
 2005 1164 91 1255 0.93
 2006 1159 65 1224 0.95
 2007 1028 24 1052 0.98
 2008 1112 68 1180 0.94
 2009 998 43 1041 0.96
 2010 1320 33 1353 0.98
 2011 1427 68 1495 0.95
 2012 1387 51 1438 0.96
 2013 1621 101 1722 0.94
 2014 1368 40 1408 0.97
 2015 1503 63 1566 0.96
 2016 1167 53 1220 0.96
 2017 1080 39 1119 0.97
 2018 1311 52 1363 0.96
 2019 1280 44 1324 0.97
 2020 1085 53 1138 0.95
 2021 1001 21 1022 0.98
 2022 1117 83 1200 0.93
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Table 9: Model construction (variables included) and selection for the nearshore logbook index.

 Black RF Limit Depth Month Num. Port Year Effort DF Neg. AICc Delta 
(binned) People Offset Log- AICc

Likelihood

 yes yes yes yes yes yes yes 77 138210.0 276574.5 0.0
 yes no yes yes yes yes yes 75 138278.8 276708.0 133.5
 yes yes no yes yes yes yes 66 138306.2 276744.7 170.2
 yes no no yes yes yes yes 64 138378.0 276884.4 309.9
 no yes yes yes yes yes yes 56 138400.3 276912.8 338.3
 yes yes yes no yes yes yes 62 138428.8 276981.9 407.4
 no no yes yes yes yes yes 54 138468.9 277046.0 471.5
 yes yes no no yes yes yes 51 138519.0 277140.2 565.7
 yes no yes no yes yes yes 60 138523.6 277167.5 593.0
 no yes no yes yes yes yes 45 138548.8 277187.8 613.3
 no yes yes no yes yes yes 41 138614.8 277311.7 737.2
 no no no yes yes yes yes 43 138616.6 277319.3 744.8
 yes no no no yes yes yes 49 138617.2 277332.5 758.0
 no no yes no yes yes yes 39 138709.4 277496.9 922.4
 no yes no no yes yes yes 30 138750.5 277561.2 986.7
 yes no yes yes no yes yes 67 138724.7 277583.8 1009.3
 yes yes yes yes no yes yes 69 138723.7 277585.8 1011.3
 no no no no yes yes yes 28 138844.3 277744.7 1170.2
 yes no no yes no yes yes 56 138878.3 277868.9 1294.4
 yes yes no yes no yes yes 58 138876.7 277869.7 1295.2
 no no yes yes no yes yes 46 138905.2 277902.6 1328.1
 no yes yes yes no yes yes 48 138904.5 277905.2 1330.7
 no yes no yes no yes yes 37 139148.5 278371.1 1796.6
 no no no yes no yes yes 35 139150.5 278371.2 1796.7
 yes no yes no no yes yes 52 139145.8 278395.8 1821.3
 yes yes yes no no yes yes 54 139144.5 278397.3 1822.8
 no no yes no no yes yes 31 139317.8 278697.6 2123.1
 no yes yes no no yes yes 33 139316.1 278698.2 2123.7
 yes no no no no yes yes 41 139311.1 278704.3 2129.8
 yes yes no no no yes yes 43 139310.4 278707.0 2132.5
 no no no no no yes yes 20 139582.5 279205.0 2630.5
 no yes no no no yes yes 22 139581.9 279207.9 2633.4
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Table 10: Number of ORBS samples (trips) with and without detecting the target species, Black Rockfish.

 Year Samples with Samples Total Samples Percent 
Target without Target Positive

 2001 3539 304 3843 0.92
 2002 3519 430 3949 0.89
 2003 3911 346 4257 0.92
 2004 3158 261 3419 0.92
 2005 6197 436 6633 0.93
 2006 6247 516 6763 0.92
 2007 4374 354 4728 0.93
 2008 5062 400 5462 0.93
 2009 5122 336 5458 0.94
 2010 5679 349 6028 0.94
 2011 4794 569 5363 0.89
 2012 4707 604 5311 0.89
 2013 6119 931 7050 0.87
 2014 5190 516 5706 0.91
 2015 7552 643 8195 0.92
 2016 6170 520 6690 0.92
 2017 6664 471 7135 0.93
 2018 5866 1075 6941 0.85
 2019 5375 736 6111 0.88
 2020 5869 1063 6932 0.85
 2021 4964 688 5652 0.88
 2022 5591 748 6339 0.88
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Table 11: Model construction (variables included) and selection for the ORBS dockside survey.

 Boat Type Open Month Port Bag Year Effort DF Neg. AICc Delta 
Depths Limit Offset Log- AICc

Likelihood

 yes yes yes yes yes yes yes 49 330152.7 660403.5 0.0
 yes no yes yes yes yes yes 46 330188.0 660468.0 64.5
 yes yes yes yes no yes yes 45 330210.9 660511.8 108.3
 yes no yes yes no yes yes 42 330243.5 660570.9 167.4
 yes yes no yes yes yes yes 38 330341.5 660759.1 355.6
 yes yes no yes no yes yes 34 330434.4 660936.8 533.3
 yes no no yes yes yes yes 35 330507.3 661084.7 681.2
 no yes yes yes yes yes yes 48 330546.4 661188.9 785.4
 yes no no yes no yes yes 31 330593.7 661249.4 845.9
 no no yes yes yes yes yes 45 330580.0 661250.0 846.5
 no yes yes yes no yes yes 44 330606.2 661300.5 897.0
 no no yes yes no yes yes 41 330636.4 661354.9 951.4
 no yes no yes yes yes yes 37 330732.1 661538.3 1134.8
 no yes no yes no yes yes 33 330824.8 661715.6 1312.1
 no no no yes yes yes yes 34 330893.1 661854.1 1450.6
 no no no yes no yes yes 30 330978.6 662017.2 1613.7
 yes yes yes no yes yes yes 42 331937.7 663959.4 3555.9
 no yes yes no yes yes yes 41 331939.6 663961.2 3557.7
 yes no yes no yes yes yes 39 331965.9 664009.7 3606.2
 no no yes no yes yes yes 38 331967.8 664011.6 3608.1
 yes yes yes no no yes yes 38 331997.7 664071.5 3668.0
 no yes yes no no yes yes 37 331999.8 664073.6 3670.1
 yes no yes no no yes yes 35 332021.8 664113.7 3710.2
 no no yes no no yes yes 34 332023.9 664115.7 3712.2
 yes yes no no yes yes yes 31 332113.5 664289.0 3885.5
 no yes no no yes yes yes 30 332115.3 664290.6 3887.1
 yes yes no no no yes yes 27 332201.9 664457.8 4054.3
 no yes no no no yes yes 26 332203.8 664459.6 4056.1
 no no no no yes yes yes 27 332317.6 664689.1 4285.6
 yes no no no v yes yes 28 332316.7 664689.4 4285.9
 no no no no no yes yes 23 332394.2 664834.3 4430.8
 yes no no no no yes yes 24 332393.2 664834.4 4430.9
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Table 12: Model construction (variables included) and selection for the Oregon onboard charter observer survey.

 Depth (binned) Open Month Port Year Effort DF Neg. AICc Delta 
Depths Offset Log- AICc

Likelihood

 yes yes yes yes yes yes 40 23266.1 46612.5 0.0
 yes no yes yes yes yes 37 23269.3 46612.8 0.4
 no no yes yes yes yes 32 23289.1 46642.5 30.0
 no yes yes yes yes yes 35 23286.1 46642.5 30.1
 yes yes no yes yes yes 33 23299.0 46664.3 51.8
 yes no no yes yes yes 30 23306.2 46672.7 60.2
 no yes no yes yes yes 28 23315.8 46687.7 75.3
 no no no yes yes yes 25 23321.9 46694.0 81.5
 yes yes yes yes no yes 23 23422.7 46891.6 279.1
 no yes yes yes no yes 18 23439.3 46914.6 302.1
 yes yes no yes no yes 16 23451.7 46935.5 323.1
 no yes no yes no yes 11 23466.4 46954.8 342.3
 yes no yes yes no yes 20 23458.9 46957.9 345.4
 no no yes yes no yes 15 23479.3 46988.6 376.1
 yes no no yes no yes 13 23493.3 47012.7 400.2
 no yes yes no yes yes 29 23489.0 47036.2 423.7
 no no no yes no yes 8 23510.2 47036.3 423.9
 yes yes yes no yes yes 34 23484.3 47036.9 424.4
 no no yes no yes yes 26 23492.8 47037.8 425.3
 yes no yes no yes yes 31 23487.9 47037.9 425.4
 no yes no no yes yes 22 23510.1 47064.3 451.8
 no no no no yes yes 19 23513.1 47064.3 451.8
 yes no no no yes yes 24 23508.5 47065.1 452.6
 yes yes no no yes yes 27 23505.9 47066.0 453.5
 yes yes yes no no yes 17 23636.7 47307.4 694.9
 no yes yes no no yes 12 23644.8 47313.6 701.2
 yes yes no no no yes 10 23661.4 47342.9 730.4
 no yes no no no yes 5 23669.0 47348.1 735.6
 yes no yes no no yes 14 23681.4 47390.8 778.3
 no no yes no no yes 9 23689.5 47396.9 784.5
 yes no no no no yes 7 23703.2 47420.5 808.0
 no no no no no yes 2 23710.7 47425.5 813.0
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Table 13: Number of Oregon marine reserves samples (drifts) with and without detecting the target species, Black Rockfish.

 Year Samples with Samples Total Samples Percent 
Target without Target Positive

 2011 19 5 24 0.79
 2012 20 3 23 0.87
 2013 68 3 71 0.96
 2014 109 10 119 0.92
 2015 134 28 162 0.83
 2016 103 13 116 0.89
 2017 70 25 95 0.74
 2018 78 30 108 0.72
 2019 63 32 95 0.66
 2022 40 7 47 0.85
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Table 14: Model construction (variables included) and selection for the Oregon marine reserves index.

 Depth (binned) Season Site Treat- Year Effort DF Neg. AICc Delta 
ment Offset Log- AICc

Likelihood

 yes yes yes yes yes yes 19 2887.1 5813.2 0.0
 yes no yes yes yes yes 18 2891.0 5818.7 5.6
 no yes yes yes yes yes 16 2898.2 5829.1 15.9
 no no yes yes yes yes 15 2901.7 5833.9 20.7
 yes yes no yes yes yes 16 2912.4 5857.5 44.4
 no yes no yes yes yes 13 2916.9 5860.1 47.0
 yes no no yes yes yes 15 2916.6 5863.7 50.6
 no no no yes yes yes 12 2920.5 5865.4 52.2
 yes yes yes no yes yes 18 2935.1 5906.9 93.8
 yes no yes no yes yes 17 2937.0 5908.7 95.5
 yes yes no no yes yes 15 2948.2 5926.9 113.7
 yes no no no yes yes 14 2950.2 5929.0 115.8
 no yes yes no yes yes 15 2951.3 5933.1 120.0
 no no yes no yes yes 14 2952.8 5934.1 121.0
 no yes no no yes yes 12 2957.8 5940.0 126.9
 no no no no yes yes 11 2959.5 5941.3 128.2
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Table 15: Available length samples from the Marine Reserve hook and line survey (sex of sample not collected)

 Year Lengths

 2011 304
 2012 204
 2013 2082
 2014 4733
 2015 3592
 2016 3081
 2017 1764
 2018 2078
 2019 1214
 2022 1309
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Table 16: Ageing error models and resultant model selection (AICc) values for 9 models of bias and precision explored for each age 
reader used in the black rockfish assessment. Bolded text indicates indicate the chosen model. Model codes: 0= unbiased; 1 = 
Constant CV; 2 = Curvilinear (SD for precision); 3= Curvilinear CV

 Reader 1  Second Reader  Model selection

 Primary reader vs Reader 1
 Model Bias Precision Bias Precision AICc ΔAICc BIC ΔBIC

 1 0 1 0 1 18480 61 18616 50
 2 0 2 0 2 18424 5 18565 0
 3 0 3 0 3 18485 66 18626 61
 4 0 1 1 1 18466 46 18610 44
 5 0 2 1 2 18428 9 18578 12
 6 0 3 1 3 18419 0 18569 4
 7 0 1 2 1 18463 44 18613 47
 8 0 2 2 2 18430 11 18586 21
 9 0 3 2 3 18419 0 18575 10

 Primary reader vs Reader 2
 Model Bias Precision Bias Precision AICc ΔAICc BIC ΔBIC

 1 0 1 0 1 1189 34 1222 38
 2 0 2 0 2 1201 46 1234 49
 3 0 3 0 3 1195 40 1228 43
 4 0 1 1 1 1165 11 1197 13
 5 0 2 1 2 1179 25 1209 25
 6 0 3 1 3 1171 16 1201 16
 7 0 1 2 1 1155 0 1185 0
 8 0 2 2 2 1169 15 1196 12
 9 0 3 2 3 1179 24 1205 21
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Table 17: Ageing error models and resultant model selection (AICc) values for 9 models of bias and precision explored for each age 
reader used in the black rockfish assessment. Bolded text indicates indicate the chosen model. Model codes: 0= unbiased; 1 = 
Constant CV; 2 = Curvilinear (SD for precision); 3= Curvilinear CV

 Reader 1  Second Reader  Model selection

 Primary reader vs Reader 3
 Model Bias Precision Bias Precision AICc ΔAICc BIC ΔBIC

 1 0 1 0 1 2591 12 2693 8
 2 0 2 0 2 2579 0 2685 0
 3 0 3 0 3 2590 11 2696 11
 4 0 1 1 1 2593 14 2701 16
 5 0 2 1 2 2589 10 2700 15
 6 0 3 1 3 2592 13 2703 18
 7 0 1 2 1 2596 17 2707 22
 8 0 2 2 2 2588 9 2702 17
 9 0 3 2 3 2598 18 2711 26

 Primary reader vs Reader 4
 Model Bias Precision Bias Precision AICc ΔAICc BIC ΔBIC

 1 0 1 0 1 559 0 592 0
 2 0 2 0 2 563 5 596 4
 3 0 3 0 3 567 8 600 7
 4 0 1 1 1 567 8 599 6
 5 0 2 1 2 574 15 604 11
 6 0 3 1 3 564 5 594 1
 7 0 1 2 1 571 13 601 9
 8 0 2 2 2 576 18 603 11
 9 0 3 2 3 577 18 603 11
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Table 18: Ageing error models and resultant model selection (AICc) values for 9 models of bias and precision explored for each age 
reader used in the black rockfish assessment. Bolded text indicates indicate the chosen model. Model codes: 0= unbiased; 1 = 
Constant CV; 2 = Curvilinear (SD for precision); 3= Curvilinear CV

 Reader 1  Second Reader  Model selection

 Primary reader vs Reader 5
 Model Bias Precision Bias Precision AICc ΔAICc BIC ΔBIC

 1 0 1 0 1 1521 0 1559 0
 2 0 2 0 2 1551 29 1587 29
 3 0 3 0 3 1528 7 1565 6
 4 0 1 1 1 1529 8 1565 7
 5 0 2 1 2 1560 39 1595 37
 6 0 3 1 3 1537 16 1572 14
 7 0 1 2 1 1530 9 1565 7
 8 0 2 2 2 1533 11 1565 7
 9 0 3 2 3 1552 31 1585 27

 Primary reader vs Readers 5 & 6
 Model Bias Precision Bias Precision AICc ΔAICc BIC ΔBIC

 1 0 1 0 1 1064 0 1128 0
 2 0 2 0 2 1072 8 1140 12
 3 0 3 0 3 1065 1 1133 5
 4 0 1 1 1 1070 6 1139 11
 5 0 2 1 2 1077 13 1150 22
 6 0 3 1 3 1074 10 1147 19
 7 0 1 2 1 1072 8 1145 17
 8 0 2 2 2 1078 14 1154 26
 9 0 3 2 3 1078 14 1154 26
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Table 19: Estimated biological and functional length at 50% maturity, the 95% confidence interval (CI), 
and slope values with logistic regression and flexible spline models

 Model Length at 50% Maturity (95% CI) Slope

 Biological logistic 34.38 (33.90-34.86) -0.31
 Functionl logistic 40.36 (39.89-40.83) -0.38
 Biological spline 34.01 (32.10-35.41) NA
 Functional spline 40.29 (39.88-40.77) NA
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Table 20: Specifications and structure of the reference model.

 Model Setup Reference Model
 Starting year 1892

Population characteristics
 Maximum age 

 Sex 
40
2

 Population lengths 4-64 cm by 2 cm bins
 Summary biomass (mt) Age 0+

Data characteristics
 Data lengths 

 Data ages 
 Minimum age for growth calculations 
 Maximum age for growth calculations 

 First mature age 
 Starting year of estimated recruitment in main period 

10-64 cm by 2 cm bins
0-40 ages

0
40
0

1980

Fishery characteristics
 Fishing mortality method 

 Maximum F 
Hybrid F

4
Catchability

 Non-trawl Index 
 Ocean Index 
 MPA Index 

 Acoustic Index 

Analytical estimate
Analytical estimate
Analytical estimate

Parameter
 Tagging Index 
 MRFSS Index 

 Commercial Trawl Selectivity 
 Commercial Non-trawl Selectivity 

 Recreational Ocean Selectivity 
 Recreational Shore Selectivity 

 MPA Survey Selectivity 
 Acoustic Survey Selectivity 

 Tagging Selectivity 
 Recreation MRFFS Selectivity 

Analytical estimate
Analytical estimate

Length-Based Double Normal
Length-Based Double Normal
Length-Based Double Normal
Length-Based Double Normal
Length-Based Double Normal
Length-Based Double Normal

Length-Based Logistic
Mirrored to Ocean Fleet
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Table 21: List of parameters used in the reference model, including estimated values and standard deviations (SD), estimation 
phase (negative values not estimated), bounds (minimum and maximum), status (indicates if parameters are near bounds), and prior 
type information (mean and SD).

Parameter  Value  SD  Phase  Bounds  Status Prior (Exp.Val, SD)

NatM uniform Fem GP 1  0.19  NA -5  (0.05, 0.25)  NA Log Norm (-1.89, 0.075)
L at Amin Fem GP 1  0  NA -5  (-50, 100)  NA None
L at Amax Fem GP 1  50.846  0.279  3  (1, 500)  OK Normal (48.82, 0.3)
VonBert K Fem GP 1  0.184  0.002  3  (0.001, 2)  OK None
CV young Fem GP 1  0.1  NA -5  (0.001, 5)  NA None
CV old Fem GP 1  0.1  NA -5  (0.001, 5)  NA None
Wtlen 1 Fem GP 1  2.54537e-05  NA -99  (0, 3)  NA None
Wtlen 2 Fem GP 1  2.895  NA -99  (2, 4)  NA None
Mat50% Fem GP 1  40.36  NA -99  (1e-04, 1000)  NA None
Mat slope Fem GP 1 -0.38  NA -99  (-2, 4)  NA None
Eggs scalar Fem GP 1  1.41e-08  NA -3  (0, 3)  NA None
Eggs exp len Fem GP 1  4.685  NA -3  (0, 10)  NA None
NatM uniform Mal GP 1  0.17  NA -5  (0.05, 0.25)  NA Log Norm (-1.89, 0.2)
L at Amin Mal GP 1  0  NA -3  (-50, 100)  NA None
L at Amax Mal GP 1  46.615  0.416  3  (1, 500)  OK None
VonBert K Mal GP 1  0.209  0.004  3  (0.001, 2)  OK None
CV young Mal GP 1  0.1  NA -5  (0.001, 5)  NA None
CV old Mal GP 1  0.1  NA -5  (0.001, 5)  NA None
Wtlen 1 Mal GP 1  2.56318e-05  NA -99  (0, 3)  NA None
Wtlen 2 Mal GP 1  2.894  NA -99  (2, 4)  NA None
CohortGrowDev  1  NA -1  (0.1, 10)  NA None
FracFemale GP 1  0.5  NA -99  (0.01, 0.99)  NA None
SR LN(R0)  8.135  0.040  1  (1e-04, 15)  OK None
SR BH steep  0.72  NA -1  (0.2, 1)  NA Log Norm (0.72, 0.24)
SR sigmaR  0.6  NA -6  (0, 2)  NA None
SR regime  0  NA -99  (-5, 5)  NA None
SR autocorr  0  NA -99  (0, 2)  NA None
Main RecrDev 1980 -0.764  0.396  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1981 -0.783  0.388  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1982 -0.571  0.347  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1983 -0.613  0.337  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1984 -0.176  0.259  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1985  0.075  0.211  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1986 -0.087  0.206  3  (-5, 5)  act dev (NA, NA)
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Table 21: List of parameters used in the reference model, including estimated values and standard deviations (SD), estimation 
phase (negative values not estimated), bounds (minimum and maximum), status (indicates if parameters are near bounds), and prior 
type information (mean and SD). (continued)

Parameter  Value  SD  Phase  Bounds  Status Prior (Exp.Val, SD)

Main RecrDev 1987 -0.132  0.188  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1988 -0.043  0.157  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1989  0.227  0.118  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1990  0.129  0.106  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1991  0.248  0.088  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1992  0.151  0.081  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1993  0.136  0.075  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1994  0.414  0.067  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1995  0.338  0.072  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1996  0.047  0.093  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1997 -0.001  0.116  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1998 -0.314  0.178  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 1999  0.506  0.131  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2000  0.826  0.128  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2001  0.184  0.218  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2002 -0.456  0.328  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2003  0.221  0.158  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2004 -1.117  0.370  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2005  0.394  0.125  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2006  0.242  0.154  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2007 -0.413  0.262  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2008  0.994  0.085  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2009 -0.249  0.201  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2010  0.491  0.096  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2011  0.362  0.097  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2012  0.108  0.109  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2013  0.467  0.089  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2014  0.314  0.101  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2015 -0.506  0.163  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2016  0.331  0.132  3  (-5, 5)  act dev (NA, NA)
Main RecrDev 2017 -0.98  0.274  3  (-5, 5)  act dev (NA, NA)
Late RecrDev 2018  0  NA  NA  (NA, NA)  NA dev (NA, NA)
Late RecrDev 2019  0  NA  NA  (NA, NA)  NA dev (NA, NA)
Late RecrDev 2020  0  NA  NA  (NA, NA)  NA dev (NA, NA)
Late RecrDev 2021  0  NA  NA  (NA, NA)  NA dev (NA, NA)
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Table 21: List of parameters used in the reference model, including estimated values and standard deviations (SD), estimation 
phase (negative values not estimated), bounds (minimum and maximum), status (indicates if parameters are near bounds), and prior 
type information (mean and SD). (continued)

Parameter  Value  SD  Phase  Bounds  Status Prior (Exp.Val, SD)

Late RecrDev 2022  0  NA  NA  (NA, NA)  NA dev (NA, NA)
InitF seas 1 flt 1Trawl wdis  0  NA -1  (0, 1000)  NA None
InitF seas 1 flt 2Non-Trawl wdis  0  NA -1  (0, 1000)  NA None
InitF seas 1 flt 3Ocean  0  NA -1  (0, 1000)  NA None
InitF seas 1 flt 4Shore  0  NA -1  (0, 1000)  NA None
LnQ base Non-Trawl wdis(2) -5.684  NA -1  (-15, 15)  NA None
Q extraSD Non-Trawl wdis(2)  0.032  0.017  3  (0, 5)  LO None
LnQ base Ocean(3) -9.146  NA -1  (-15, 15)  NA None
Q extraSD Ocean(3)  0.211  0.044  3  (0, 5)  OK None
LnQ base MPA(5) -7.222  NA -1  (-15, 15)  NA None
Q extraSD MPA(5)  0.147  0.080  3  (0, 5)  OK None
LnQ base Acoustic Visual(6)  0  NA -5  (-15, 2)  NA None
Q extraSD Acoustic Visual(6)  0  NA -3  (0, 5)  NA None
LnQ base Tag(7) -1  NA -1  (-15, 15)  NA None
Q extraSD Tag(7)  0.096  0.033  3  (0, 5)  OK None
LnQ base MRFSS(8) -7.681  NA -1  (-15, 15)  NA None
Q extraSD MRFSS(8)  0.319  0.081  3  (0, 5)  OK None
Size DblN peak Trawl wdis(1)  53.231  NA -4  (16, 70)  NA None
Size DblN top logit Trawl wdis(1)  0.77  NA -4  (-15, 15)  NA None
Size DblN ascend se Trawl wdis(1)  3.585  NA -4  (-4, 12)  NA None
Size DblN descend se Trawl wdis(1) -9.21  NA -4  (-15, 15)  NA None
Size DblN start logit Trawl wdis(1) -10  NA -2  (-999, 15)  NA None
Size DblN end logit Trawl wdis(1)  11.513  NA -4  (-15, 20)  NA None
Size DblN peak Non-Trawl wdis(2)  43.116  NA -4  (16, 63)  NA None
Size DblN top logit Non-Trawl wdis(2) -12  NA -4  (-15, 15)  NA None
Size DblN ascend se Non-Trawl wdis(2)  4  NA -4  (-4, 12)  NA None
Size DblN descend se Non-Trawl wdis(2)  1.763  NA -4  (-15, 15)  NA None
Size DblN start logit Non-Trawl wdis(2) -15  NA -2  (-999, 15)  NA None
Size DblN end logit Non-Trawl wdis(2) -1.101  NA -4  (-15, 20)  NA None
Size DblN peak Ocean(3)  42.232  NA -4  (16, 63)  NA None
Size DblN top logit Ocean(3) -12  NA -4  (-15, 15)  NA None
Size DblN ascend se Ocean(3)  4  NA -4  (-4, 12)  NA None
Size DblN descend se Ocean(3)  2.621  NA -4  (-15, 15)  NA None
Size DblN start logit Ocean(3) -15  NA -2  (-999, 15)  NA None
Size DblN end logit Ocean(3) -0.555  NA -4  (-15, 20)  NA None
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Table 21: List of parameters used in the reference model, including estimated values and standard deviations (SD), estimation 
phase (negative values not estimated), bounds (minimum and maximum), status (indicates if parameters are near bounds), and prior 
type information (mean and SD). (continued)

Parameter  Value  SD  Phase  Bounds  Status Prior (Exp.Val, SD)

Size DblN peak Shore(4)  22.371  NA -4  (10, 55)  NA None
Size DblN top logit Shore(4)  4  NA -4  (-15, 15)  NA None
Size DblN ascend se Shore(4)  3  NA -4  (-4, 12)  NA None
Size DblN descend se Shore(4)  0  NA -4  (-15, 15)  NA None
Size DblN start logit Shore(4) -15  NA -2  (-999, 15)  NA None
Size DblN end logit Shore(4)  4.342  NA -4  (-15, 20)  NA None
Size DblN peak MPA(5)  43.864  NA -4  (16, 63)  NA None
Size DblN top logit MPA(5) -12  NA -4  (-15, 15)  NA None
Size DblN ascend se MPA(5)  4  NA -4  (-4, 12)  NA None
Size DblN descend se MPA(5)  0.418  NA -4  (-15, 15)  NA None
Size DblN start logit MPA(5) -15  NA -2  (-999, 15)  NA None
Size DblN end logit MPA(5) -0.91  NA -4  (-15, 20)  NA None
Size DblN peak Acoustic Visual(6)  25  NA -4  (10, 55)  NA None
Size DblN top logit Acoustic Visual(6)  3.269  NA -4  (-15, 15)  NA None
Size DblN ascend se Acoustic Visual(6)  3.585  NA -4  (-4, 12)  NA None
Size DblN descend se Acoustic Visual(6) -9.21  NA -4  (-15, 15)  NA None
Size DblN start logit Acoustic Visual(6) -15  NA -2  (-999, 15)  NA None
Size DblN end logit Acoustic Visual(6)  11.513  NA -4  (-15, 20)  NA None
Size inflection Tag(7)  32  NA -3  (1, 60)  NA None
Size 95%width Tag(7)  0  NA -4  (0, 15)  NA None
SizeSel P1 MRFSS(8) -1  NA -99  (-5, 5)  NA None
SizeSel P2 MRFSS(8) -1  NA -99  (-5, 5)  NA None
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Table 22: Negative log-likelihood components by data type.

 Label Total

 TOTAL 2852.09
 Catch 0.00

 Equil catch 0.00
 Survey -79.43

 Length comp 0.00
 Age comp 2914.58

 Recruitment -5.87
 InitEQ Regime 0.00

 Forecast Recruitment 0.00
 Parm priors 22.81

 Parm softbounds 0.00
 Parm devs 0.00
 Crash Pen 0.00
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Table 23: Summary of reference points and management quantities, including estimates of the 95 percent 
intervals for the model area.

Estimate Lower Upper 
Interval Interval

 Unfished Spawning Output (billions of eggs) 1490 1374 1606
 Unfished Age 0+ Biomass (mt) 10703 9785 11621

 Unfished Recruitment (R0) 3412 3146 3677
 Spawning Output (2023) 674 487 861
 Fraction Unfished (2023) 0.45 0.36 0.54

Reference Points Based SO40%
 Proxy Spawning Output (SO40%) 596 550 642

 SPR Resulting in SO40%% 0.46 0.46 0.46
 Exploitation Rate Resulting in SO40% 0.07 0.07 0.07
 Yield with SPR Based On SO40% (mt) 447 410 485

Reference Points Based on SPR Proxy for MSY
 Proxy Spawning Output (SPR50%) 665 613 717

 SPR50% 0.50 - -
 Exploitation Rate Corresponding to SPR50% 0.07 0.07 0.07

 Yield with SPR50% (mt) 422 387 458
Reference Points Based on Estimated MSY Values

 Spawning Output at MSY (SOMSY) 354 326 382
 SPRMSY 0.31 0.31 0.31

 Exploitation Rate Corresponding to SPRMSY 0.11 0.11 0.11
 MSY (mt) 496 454 537
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Table 24: Recent trend in the overfishing limits (OFL), the acceptable biological catches (ABCs), the annual 
catch limits (ACLs), and the total catch (mt). Management specifications prior to 2017 were for Oregon and 
California combined.

 Year OFL ABC ACL Catch

 2013 1159 1108 1000 442.14
 2014 1166 1115 1000 479.45
 2015 1176 1124 1000 594.52
 2016 1183 1131 1000 524.53
 2017 577 527 527 541.43
 2018 570 520 520 415.07
 2019 565 516 516 437.55
 2020 561 512 512 435.56
 2021 570 512 512 435.54
 2022 566 512 512 526.00
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Table 25: Time series of population estimates from the base model for the model area.

 Year Total Spawn- Total Frac- Age-0 Total 1- Ex-
Biomass ing Biomass tion Re- Mor- SPR ploita-
(mt) Out- 0+ Un- cruits tality tion 

put (mt) fished (1,000s) (mt) Rate
(mil-
lions 
of 

eggs)

 1892 10703.101490.34 10703.10 1.00 3411.52 0.50 0.00 0.00
 1893 10702.701490.27 10702.70 1.00 3411.51 0.50 0.00 0.00
 1894 10702.201490.19 10702.20 1.00 3411.49 0.50 0.00 0.00
 1895 10701.801490.12 10701.80 1.00 3411.47 0.12 0.00 0.00
 1896 10701.801490.10 10701.80 1.00 3411.47 0.04 0.00 0.00
 1897 10701.901490.11 10701.90 1.00 3411.47 0.04 0.00 0.00
 1898 10702.001490.11 10702.00 1.00 3411.47 0.02 0.00 0.00
 1899 10702.101490.13 10702.10 1.00 3411.48 0.04 0.00 0.00
 1900 10702.201490.14 10702.20 1.00 3411.48 0.04 0.00 0.00
 1901 10702.301490.15 10702.30 1.00 3411.48 0.06 0.00 0.00
 1902 10702.301490.16 10702.30 1.00 3411.48 0.06 0.00 0.00
 1903 10702.301490.17 10702.30 1.00 3411.49 0.08 0.00 0.00
 1904 10702.401490.18 10702.40 1.00 3411.49 0.10 0.00 0.00
 1905 10702.401490.18 10702.40 1.00 3411.49 0.10 0.00 0.00
 1906 10702.401490.18 10702.40 1.00 3411.49 0.12 0.00 0.00
 1907 10702.301490.18 10702.30 1.00 3411.49 0.12 0.00 0.00
 1908 10702.301490.17 10702.30 1.00 3411.49 0.14 0.00 0.00
 1909 10702.301490.17 10702.30 1.00 3411.48 0.16 0.00 0.00
 1910 10702.201490.16 10702.20 1.00 3411.48 0.16 0.00 0.00
 1911 10702.201490.15 10702.20 1.00 3411.48 0.18 0.00 0.00
 1912 10702.101490.14 10702.10 1.00 3411.48 0.20 0.00 0.00
 1913 10702.001490.12 10702.00 1.00 3411.47 0.20 0.00 0.00
 1914 10701.901490.11 10701.90 1.00 3411.47 0.22 0.00 0.00
 1915 10701.901490.09 10701.90 1.00 3411.47 0.22 0.00 0.00
 1916 10701.801490.08 10701.80 1.00 3411.46 0.24 0.00 0.00
 1917 10701.701490.06 10701.70 1.00 3411.46 0.26 0.00 0.00
 1918 10701.601490.04 10701.60 1.00 3411.46 0.26 0.00 0.00
 1919 10701.501490.02 10701.50 1.00 3411.45 0.28 0.00 0.00
 1920 10701.401490.00 10701.40 1.00 3411.45 0.30 0.00 0.00
 1921 10701.301489.98 10701.30 1.00 3411.44 0.30 0.00 0.00
 1922 10701.201489.96 10701.20 1.00 3411.44 0.32 0.00 0.00
 1923 10701.101489.94 10701.10 1.00 3411.43 0.32 0.00 0.00
 1924 10701.001489.92 10701.00 1.00 3411.43 0.34 0.00 0.00
 1925 10700.901489.90 10700.90 1.00 3411.43 0.36 0.00 0.00
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Table 25: Time series of population estimates from the base model for the model area. (continued)

 Year Total Spawn- Total Frac- Age-0 Total 1- Ex-
Biomass ing Biomass tion Re- Mor- SPR ploita-
(mt) Out- 0+ Un- cruits tality tion 

put (mt) fished (1,000s) (mt) Rate
(mil-
lions 
of 

eggs)

 1926 10700.801489.88 10700.80 1.00 3411.42 0.36 0.00 0.00
 1927 10700.701489.86 10700.70 1.00 3411.42 0.38 0.00 0.00
 1928 10700.601489.84 10700.60 1.00 3411.41 0.66 0.00 0.00
 1929 10700.201489.78 10700.20 1.00 3411.40 1.77 0.00 0.00
 1930 10698.801489.55 10698.80 1.00 3411.35 2.25 0.00 0.00
 1931 10697.001489.25 10697.00 1.00 3411.28 1.34 0.00 0.00
 1932 10696.301489.10 10696.30 1.00 3411.25 0.56 0.00 0.00
 1933 10696.501489.06 10696.50 1.00 3411.24 0.69 0.00 0.00
 1934 10696.501489.02 10696.50 1.00 3411.23 0.65 0.00 0.00
 1935 10696.601489.02 10696.60 1.00 3411.23 0.56 0.00 0.00
 1936 10696.801489.03 10696.80 1.00 3411.23 2.19 0.00 0.00
 1937 10695.501488.77 10695.50 1.00 3411.17 4.44 0.00 0.00
 1938 10692.201488.16 10692.20 1.00 3411.04 3.55 0.00 0.00
 1939 10689.901487.78 10689.90 1.00 3410.95 5.29 0.01 0.00
 1940 10686.401487.05 10686.40 1.00 3410.79 6.52 0.01 0.00
 1941 10682.101486.18 10682.10 1.00 3410.59 7.69 0.01 0.00
 1942 10677.501485.04 10677.50 1.00 3410.34 11.15 0.01 0.00
 1943 10670.601483.35 10670.60 1.00 3409.96 40.40 0.04 0.00
 1944 10642.601475.40 10642.60 0.99 3408.17 83.62 0.08 0.01
 1945 10586.301458.72 10586.30 0.98 3404.35 134.52 0.12 0.01
 1946 10500.101432.83 10500.10 0.96 3398.26 96.74 0.09 0.01
 1947 10453.701418.58 10453.70 0.95 3394.83 32.60 0.03 0.00
 1948 10461.701420.19 10461.70 0.95 3395.22 23.22 0.02 0.00
 1949 10474.801424.26 10474.80 0.96 3396.21 9.21 0.01 0.00
 1950 10496.301431.04 10496.30 0.96 3397.84 60.30 0.06 0.01
 1951 10476.601425.89 10476.60 0.96 3396.60 17.37 0.02 0.00
 1952 10491.001430.71 10491.00 0.96 3397.76 9.03 0.01 0.00
 1953 10509.101436.87 10509.10 0.96 3399.23 20.99 0.02 0.00
 1954 10516.001439.41 10516.00 0.97 3399.83 26.57 0.03 0.00
 1955 10517.801440.25 10517.80 0.97 3400.03 36.51 0.04 0.00
 1956 10511.801438.76 10511.80 0.97 3399.68 24.83 0.03 0.00
 1957 10515.601439.84 10515.60 0.97 3399.93 25.54 0.03 0.00
 1958 10518.101440.69 10518.10 0.97 3400.13 34.81 0.04 0.00
 1959 10514.001439.21 10514.00 0.97 3399.78 43.21 0.04 0.00
 1960 10504.201436.11 10504.20 0.96 3399.05 76.53 0.07 0.01
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Table 25: Time series of population estimates from the base model for the model area. (continued)

 Year Total Spawn- Total Frac- Age-0 Total 1- Ex-
Biomass ing Biomass tion Re- Mor- SPR ploita-
(mt) Out- 0+ Un- cruits tality tion 

put (mt) fished (1,000s) (mt) Rate
(mil-
lions 
of 

eggs)

 1961 10471.201426.10 10471.20 0.96 3396.65 63.86 0.06 0.01
 1962 10452.001420.17 10452.00 0.95 3395.21 60.89 0.06 0.01
 1963 10437.801415.66 10437.80 0.95 3394.12 48.46 0.05 0.00
 1964 10434.601414.58 10434.60 0.95 3393.85 29.44 0.03 0.00
 1965 10445.901417.84 10445.90 0.95 3394.65 54.15 0.06 0.01
 1966 10436.401415.71 10436.40 0.95 3394.13 47.57 0.05 0.00
 1967 10433.001415.12 10433.00 0.95 3393.99 35.21 0.04 0.00
 1968 10437.701417.65 10437.70 0.95 3394.60 31.92 0.03 0.00
 1969 10443.901420.45 10443.90 0.95 3395.28 65.98 0.07 0.01
 1970 10421.901415.84 10421.90 0.95 3394.16 37.46 0.04 0.00
 1971 10425.201417.18 10425.20 0.95 3394.49 48.63 0.05 0.00
 1972 10417.801416.43 10417.80 0.95 3394.31 64.39 0.07 0.01
 1973 10398.301412.45 10398.30 0.95 3393.33 110.57 0.11 0.01
 1974 10336.301401.55 10336.30 0.94 3390.64 150.28 0.15 0.01
 1975 10240.101385.46 10240.10 0.93 3386.60 188.54 0.18 0.02
 1976 10118.201363.24 10118.20 0.91 3380.88 220.38 0.21 0.02
 1977 9975.17 1338.15 9975.17 0.90 3374.22 275.00 0.26 0.03
 1978 9796.16 1305.23 9796.16 0.88 3365.13 336.05 0.31 0.03
 1979 9579.42 1264.25 9579.42 0.85 3353.23 448.78 0.39 0.05
 1980 9277.49 1207.41 9277.49 0.81 1393.98 305.45 0.30 0.03
 1981 9121.06 1177.69 9121.06 0.79 1347.38 476.56 0.42 0.05
 1982 8740.49 1123.73 8740.49 0.75 1634.80 651.36 0.52 0.07
 1983 8117.99 1045.46 8117.99 0.70 1534.39 499.03 0.46 0.06
 1984 7578.09 998.54 7578.09 0.67 2334.43 533.38 0.49 0.07
 1985 6974.91 947.66 6974.91 0.64 2940.55 341.97 0.38 0.05
 1986 6575.61 921.98 6575.61 0.62 2491.96 308.71 0.37 0.05
 1987 6269.71 889.14 6269.71 0.60 2368.81 357.80 0.44 0.06
 1988 5986.24 833.84 5986.24 0.56 2562.88 394.27 0.50 0.07
 1989 5734.84 763.86 5734.84 0.51 3307.51 457.76 0.57 0.08
 1990 5491.13 682.95 5491.13 0.46 2939.10 501.85 0.62 0.09
 1991 5296.30 607.99 5296.30 0.41 3234.71 342.01 0.51 0.06
 1992 5331.99 574.83 5331.99 0.39 2900.79 640.06 0.71 0.12
 1993 5149.06 511.00 5149.06 0.34 2782.10 543.18 0.68 0.11
 1994 5110.15 472.15 5110.15 0.32 3602.56 485.55 0.65 0.10
 1995 5158.27 449.14 5158.27 0.30 3295.49 445.48 0.61 0.09
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Table 25: Time series of population estimates from the base model for the model area. (continued)

 Year Total Spawn- Total Frac- Age-0 Total 1- Ex-
Biomass ing Biomass tion Re- Mor- SPR ploita-
(mt) Out- 0+ Un- cruits tality tion 

put (mt) fished (1,000s) (mt) Rate
(mil-
lions 
of 

eggs)

 1996 5268.00 447.21 5268.00 0.30 2461.77 519.31 0.65 0.10
 1997 5326.29 444.91 5326.29 0.30 2341.85 550.38 0.67 0.10
 1998 5336.95 443.01 5336.95 0.30 1711.39 467.09 0.61 0.09
 1999 5384.41 452.05 5384.41 0.30 3906.31 287.60 0.45 0.05
 2000 5537.57 487.69 5537.57 0.33 5481.26 336.23 0.48 0.06
 2001 5650.57 521.81 5650.57 0.35 2932.26 457.42 0.56 0.08
 2002 5739.89 538.92 5739.89 0.36 1559.06 439.51 0.55 0.08
 2003 5888.92 548.97 5888.92 0.37 3080.64 457.69 0.57 0.08
 2004 5970.64 544.79 5970.64 0.37 806.33 450.17 0.57 0.08
 2005 6006.75 539.11 6006.75 0.36 3645.06 411.49 0.53 0.07
 2006 5981.18 552.69 5981.18 0.37 3151.02 368.35 0.48 0.06
 2007 5959.21 586.40 5959.21 0.39 1657.49 362.88 0.46 0.06
 2008 5949.62 619.92 5949.62 0.42 6851.86 340.32 0.44 0.06
 2009 5955.62 642.50 5955.62 0.43 1989.83 425.59 0.52 0.07
 2010 6007.65 635.46 6007.65 0.43 4162.78 406.89 0.52 0.07
 2011 6138.61 620.06 6138.61 0.42 3640.60 310.30 0.44 0.05
 2012 6407.92 619.37 6407.92 0.42 2824.11 320.90 0.44 0.05
 2013 6683.90 623.78 6683.90 0.42 4047.27 442.14 0.53 0.07
 2014 6824.10 625.49 6824.10 0.42 3474.75 479.45 0.54 0.07
 2015 6919.61 637.84 6919.61 0.43 1537.01 594.52 0.59 0.09
 2016 6889.41 641.93 6889.41 0.43 3554.02 524.53 0.55 0.08
 2017 6846.02 654.85 6846.02 0.44 1003.44 541.43 0.56 0.08
 2018 6732.34 662.48 6732.34 0.44 3042.02 415.07 0.47 0.06
 2019 6646.02 684.01 6646.02 0.46 3060.81 437.55 0.49 0.07
 2020 6492.25 700.17 6492.25 0.47 3074.28 435.56 0.49 0.07
 2021 6341.08 708.62 6341.08 0.48 3081.13 435.54 0.50 0.07
 2022 6217.92 704.66 6217.92 0.47 3077.94 526.00 0.57 0.08
 2023 6048.92 674.10 6048.92 0.45 3052.28 511.90 0.58 0.08
 2024 5937.85 636.22 5937.85 0.43 3017.73 511.90 0.60 0.09
 2025 5864.16 599.32 5864.16 0.40 2980.77 343.62 0.48 0.06
 2026 5972.50 594.94 5972.50 0.40 2976.15 350.50 0.48 0.06
 2027 6076.42 598.93 6076.42 0.40 2980.36 359.69 0.48 0.06
 2028 6166.09 608.46 6166.09 0.41 2990.26 367.73 0.47 0.06
 2029 6239.34 620.64 6239.34 0.42 3002.56 373.42 0.47 0.06
 2030 6298.21 633.25 6298.21 0.42 3014.89 377.39 0.47 0.06
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Table 25: Time series of population estimates from the base model for the model area. (continued)

 Year Total Spawn- Total Frac- Age-0 Total 1- Ex-
Biomass ing Biomass tion Re- Mor- SPR ploita-
(mt) Out- 0+ Un- cruits tality tion 

put (mt) fished (1,000s) (mt) Rate
(mil-
lions 
of 

eggs)

 2031 6345.78 644.79 6345.78 0.43 3025.83 379.56 0.47 0.06
 2032 6385.75 654.61 6385.75 0.44 3034.90 380.09 0.47 0.06
 2033 6421.52 662.72 6421.52 0.44 3042.24 380.39 0.47 0.06
 2034 6454.65 669.40 6454.65 0.45 3048.16 380.41 0.47 0.06
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Table 26: Data weights applied by each alernative data weighting method. The Francis approach was used in the reference model.

 Data Francis McAllister Dirichlet 
(Reference Ianelli Multinomial

Model)

 Trawl Ages 0.663 0.562 0.876
 Non-Trawl Ages 0.219 0.139 0.888
 Ocean Boat Ages 0.178 0.066 0.784

90



Table 27: Likelihood, parameter and derived quantities from data (catchability) treatment sensitivity model runs during model 
development and review (i.e., pre-STAR panel models).

Pre-STAR AV q=1, Est AV q, AV q=1, CV Est AV q, Tag q 2015 Tag q 2015 
Ref. Mod. small CV small CV =0.45 CV=0.45 value value, xvar

 AIC 7493 7601 7443 7460 7456 7664 7466
 deltaAIC 0 108 -50 -33 -37 171 -27

Survey likelihood
 Total -76 -64 -81 -72 -75 -28 -70

 Non-trawl -38 -32 -36 -37 -36 -30 -37
 Ocean -14 -10 -19 -18 -19 -23 -18

 AV -7 -7 -7 2 -1 -7 -7
 Tag -10 -9 -11 -11 -11 44 0

 MRFSS -2 -3 -2 -2 -2 -7 -2
 MPA -5 -4 -6 -6 -6 -6 -6

Length likelihood
 Total 493 515 471 472 471 521 473
 Trawl 72 70 73 73 73 69 73

 Non-trawl 286 297 272 272 272 306 273
 Ocean 92 98 87 87 87 102 87
 Shore 27 31 23 23 23 26 23
 MPA 17 18 16 16 16 18 16

Age likelihood
 Total 3253 3255 3267 3266 3267 3250 3265
 Trawl 669 675 664 664 664 670 664

 Non-trawl 1330 1330 1335 1335 1335 1333 1334
 Ocean 1255 1250 1269 1268 1269 1247 1267

Parameters
 Female 𝑀 0.19 0.19 0.19 0.19 0.19 0.19 0.19
 Female L∞

 Female 𝑘
50.85
0.18

51.36
0.18

50.29
0.18

50.31
0.18

50.29
0.18

51.38
0.18

50.35
0.18

 Male 𝑀 0.17 0.17 0.17 0.17 0.17 0.17 0.17
 Male L∞

 Male 𝑘
44.88
0.22

45.32
0.22

44.48
0.23

44.49
0.23

44.48
0.23

45.38
0.22

44.52
0.23

𝑙𝑛(𝑅0) 8.24 8.50 8.08 8.09 8.08 8.25 8.09
 Non-trawl logQ -5.82 -6.35 -5.33 -5.36 -5.33 -5.90 -5.38

 Non-trawl extra SD 0.03 0.06 0.04 0.03 0.04 0.07 0.03
 Ocean logQ -9.23 -9.74 -8.79 -8.81 -8.79 -9.33 -8.84

 Ocean extra SD 0.28 0.35 0.21 0.22 0.21 0.17 0.22
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Table 27: Likelihood, parameter and derived quantities from data (catchability) treatment sensitivity model runs during model 
development and review (i.e., pre-STAR panel models). (continued)

Pre-STAR AV q=1, Est AV q, AV q=1, CV Est AV q, Tag q 2015 Tag q 2015 
Ref. Mod. small CV small CV =0.45 CV=0.45 value value, xvar

 MPA logQ -7.39 -7.99 -6.86 -6.88 -6.86 -7.44 -6.91
 MPA extra SD 0.17 0.20 0.12 0.13 0.12 0.12 0.12

 AV logQ 0.60 0.00 1.17 0.00 1.17 0.73 1.12
 Tag logQ -1.18 -1.66 -0.79 -0.80 -0.79 -1.39 -1.39

 Tag extra SD 0.16 0.18 0.14 0.14 0.14 0.00 0.55
 MRFSS logQ -7.69 -8.00 -7.48 -7.48 -7.48 -7.81 -7.49

 MRFSS extra SD 0.40 0.39 0.41 0.41 0.41 0.28 0.40
 Trawl: Peak 52.53 51.90 53.23 53.21 53.23 51.80 53.16

 Non-trawl: Peak 42.63 42.27 43.12 43.10 43.12 42.16 43.07
 Non-trawl: Decend 2.16 2.27 1.76 1.78 1.76 2.31 1.82

 Non-trawl: End -1.58 -1.85 -1.10 -1.12 -1.10 -1.92 -1.16
 Ocean: Peak 41.84 41.51 42.23 42.22 42.23 41.39 42.19

 Ocean: Decend 2.69 2.73 2.62 2.62 2.62 2.75 2.63
 Ocean: End -0.98 -1.29 -0.56 -0.57 -0.56 -1.38 -0.60
 Shore: Peak 22.07 21.66 22.37 22.35 22.37 22.26 22.35
 MPA: Peak 43.33 42.82 43.86 43.85 43.86 42.79 43.80

 MPA: Decend 1.23 1.92 0.42 0.44 0.42 1.96 0.53
 MPA: End -1.28 -1.75 -0.91 -0.92 -0.91 -1.84 -0.95

Derived quantities
𝑆00

𝑆02023
𝐵𝑟𝑎𝑡𝑖𝑜2023

𝑀𝑆𝑌𝑆𝑃𝑅
𝐹𝑆𝑃𝑅

1633
900
0.55
455
0.06

2194
1867
0.85
592
0.07

1313
414
0.32
380
0.06

1327
437
0.33
383
0.06

1313
415
0.32
380
0.06

1730
844
0.49
466
0.07

1337
448
0.34
385
0.06
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Table 28: Likelihood, parameter and derived quantities from other data treatment sensitivity model runs during model 
development and review (i.e., pre-STAR panel models). The model selection scenarios with changed data weighting are not 
comparable to in AIC values. Dir = Dirichlet; McAI: McAllister-Ianelli harmonic mean

Pre- No AV No tag No No No No Add No Dirich- McAll 2015 
STAR non- ORBS MRFSS MPA SMURF data let wts wts catches
Ref. trawl wts

Mod.

 AIC 7493 7455 7511 7563 7517 7495 7460 7507 29227 65786 4627 7515
 deltaAIC 0 -38 18 70 24 2 -33 14 21734 58293 -3e3 22

Survey likelihood
 Total -76 -74 -65 -33 -60 -72 -71 -70 -84 -84 -83 -78

 Non-trawl -38 -36 -38 -37 -38 -38 -38 -38 -38 -40 -39
 Ocean -14 -19 -13 -11 -13 -13 -14 -17 -17 -15 -14

 AV -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7
 Tag -10 -11 -10 -10 -10 -10 -10 -11 -11 -11 -10

 MRFSS -2 -2 -2 -1 -2 -2 -2 -6 -6 -5 -3
 MPA -5 -6 -5 -4 -4 -5 -5 -5 -5 -5 -5

 SMURF 5
Length likelihood

 Total 493 471 492 484 490 491 476 492 1476 5427 381 496
 Trawl 72 73 72 73 72 72 72 72 170 403 124 72

 Non-trawl 286 272 285 277 283 284 286 286 796 2741 72 285
 Ocean 92 87 91 91 91 91 92 91 367 1757 54 93
 Shore 27 23 27 26 27 27 27 27 102 290 93 29
 MPA 17 16 17 16 17 17 17 40 236 38 17

Age likelihood
 Total 3253 3267 3254 3260 3255 3255 3252 3253 13029 27306 1945 3260
 Trawl 669 664 668 668 668 669 668 669 977 1452 563 672

 Non-trawl 1330 1335 1330 1332 1330 1330 1329 1330 5239 10755 907 1331
 Ocean 1255 1269 1256 1261 1256 1256 1255 1255 6812 15099 475 1257

Parameters
 Female 𝑀 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19
 Female L∞

 Female 𝑘
50.85
0.18

50.29
0.18

50.84
0.18

50.51
0.18

50.74
0.18

50.78
0.18

50.86
0.18

50.85
0.18

53.70
0.16

53.71
0.16

50.47
0.19

50.88
0.18

 Male 𝑀 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
 Male L∞

 Male 𝑘
44.88
0.22

44.48
0.23

44.87
0.22

44.57
0.23

44.78
0.22

44.80
0.22

44.90
0.22

44.88
0.22

45.96
0.21

45.97
0.21

45.75
0.22

44.90
0.22

𝑙𝑛(𝑅0) 8.24 8.08 8.24 8.23 8.24 8.25 8.24 8.25 8.24 8.24 8.25 8.22
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Table 28: Likelihood, parameter and derived quantities from other data treatment sensitivity model runs during model 
development and review (i.e., pre-STAR panel models). The model selection scenarios with changed data weighting are not 
comparable to in AIC values. Dir = Dirichlet; McAI: McAllister-Ianelli harmonic mean(continued)

Pre- No AV No tag No No No No Add No Dirich- McAll 2015 
STAR non- ORBS MRFSS MPA SMURF data let wts wts catches
Ref. trawl wts

Mod.

 Non-trawl logQ -5.82 -5.33 -5.81 -5.79 -5.80 -5.81 -5.82 -5.91 -5.91 -5.87 -5.83
 Non-trawl extra SD 0.03 0.04 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.03

 Ocean logQ -9.23 -8.79 -9.23 -9.12 -9.22 -9.23 -9.23 -9.32 -9.32 -9.29 -9.25
 Ocean extra SD 0.28 0.21 0.29 0.33 0.29 0.28 0.28 0.23 0.23 0.26 0.28

 MPA logQ -7.39 -6.86 -7.39 -7.28 -7.36 -7.37 -7.39 -7.48 -7.49 -7.44 -7.40
 MPA extra SD 0.17 0.12 0.17 0.19 0.17 0.17 0.17 0.14 0.14 0.16 0.17

 AV logQ 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
 Tag logQ -1.18 -0.79 -1.04 -1.14 -1.16 -1.17 -1.18 -1.36 -1.36 -1.24 -1.19

 Tag extra SD 0.16 0.14 0.17 0.16 0.16 0.16 0.16 0.15 0.15 0.15 0.15
 MRFSS logQ -7.69 -7.48 -7.69 -7.63 -7.67 -7.69 -7.69 -7.75 -7.76 -7.78 -7.73

 MRFSS extra SD 0.40 0.41 0.40 0.44 0.41 0.40 0.40 0.30 0.30 0.34 0.38
 Trawl: Peak 52.53 53.23 52.55 52.95 52.66 52.62 52.52 52.53 51.31 51.28 52.05 52.46

 Non-trawl: Peak 42.63 43.12 42.64 42.96 42.72 42.68 42.63 42.63 42.20 42.20 42.43 42.61
 Non-trawl: Decend 2.16 1.76 2.16 1.93 2.12 2.14 2.16 2.16 2.36 2.36 2.12 2.17

 Non-trawl: End -1.58 -1.10 -1.57 -1.31 -1.51 -1.54 -1.58 -1.58 -2.26 -2.26 -1.56 -1.60
 Ocean: Peak 41.84 42.23 41.85 42.10 41.91 41.89 41.84 41.84 41.46 41.45 41.65 41.82

 Ocean: Decend 2.69 2.62 2.69 2.65 2.68 2.68 2.69 2.69 2.82 2.82 2.60 2.69
 Ocean: End -0.98 -0.56 -0.97 -0.74 -0.91 -0.93 -0.98 -0.98 -1.71 -1.71 -1.07 -0.99
 Shore: Peak 22.07 22.37 22.07 22.04 22.06 22.02 22.08 22.07 22.45 22.30 22.00 21.95
 MPA: Peak 43.33 43.86 43.33 43.68 43.43 43.39 43.33 42.78 42.77 43.13 43.31

 MPA: Decend 1.23 0.42 1.23 0.71 1.09 1.14 1.23 2.05 2.03 1.44 1.26
 MPA: End -1.28 -0.91 -1.28 -1.05 -1.21 -1.24 -1.28 -2.16 -2.11 -1.42 -1.30

Derived quantities
𝑆00

𝑆02023
𝐵𝑟𝑎𝑡𝑖𝑜2023

𝑀𝑆𝑌𝑆𝑃𝑅
𝐹𝑆𝑃𝑅

1633
900
0.55
455
0.06

1313
414
0.32
380
0.06

1630
899
0.55
454
0.06

1553
855
0.55
442
0.06

1607
888
0.55
451
0.06

1623
890
0.55
454
0.06

1633
899
0.55
455
0.06

1634
899
0.55
455
0.06

1904
1082
0.57
460
0.07

1910
1084
0.57
462
0.07

1628
904
0.56
462
0.07

1600
905
0.57
445
0.06
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Table 29: Likelihood, parameter and derivied quantities from alternataive model specification sensitivity model runs during 
model development and review (i.e., pre-STAR panel models).

Pre- 2015 Loren- Est Fix Fix Est Est Bio Fx- Fec No Full Logis-
STAR M zen M growth, growth Lmin CVlts mat nal = rec rec tic 
Ref. M est M ogive mat mat devs devs sel

Mod. ogive

 AIC 7493 7492 7456 7383 12644 12833 7491 7501 7488 7492 7491 7974 7570 7777
 deltaAIC 0 -1 -37 -110 5151 5340 -1 8 -5 -1 -2 481 77 284

Survey likelihood
 Total -76 -78 -71 -81 -92 -91 -77 -76 -76 -76 -76 -88 -91 -42

 Non-trawl -38 -39 -36 -40 -24 -13 -39 -38 -38 -38 -38 -28 -38 -20
 Ocean -14 -14 -12 -15 -26 -27 -14 -14 -13 -13 -13 -25 -13 -6
 MPA -5 -5 -4 -5 -7 -8 -5 -5 -5 -5 -5 -7 -5 -2

 AV -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7
 Tag -10 -10 -10 -11 -13 -15 -10 -10 -10 -10 -10 -12 -10 -10

 MRFSS -2 -3 -1 -4 -16 -20 -3 -2 -3 -3 -3 -11 -18 3
Length likelihood

 Total 493 502 476 459 579 567 483 493 491 492 492 553 475 531
 Trawl 72 71 73 73 73 72 72 72 72 72 72 65 70 81

 Non-trawl 286 294 276 266 339 340 277 286 285 285 285 340 290 305
 Ocean 92 93 87 82 115 114 91 92 91 92 92 107 83 105
 Shore 27 27 24 21 35 23 27 27 26 27 26 22 16 25
 MPA 17 17 16 16 17 17 17 17 17 17 17 19 17 15

Age likelihood
 Total 3253 3244 3251 3224 5751 5868 3259 3253 3253 3253 3253 3437 3237 3342
 Trawl 669 665 669 655 677 669 671 669 668 668 668 683 655 670

 Non-trawl 1330 1327 1327 1319 2202 2243 1331 1330 1330 1330 1330 1400 1323 1373
 Ocean 1255 1252 1254 1250 2873 2957 1258 1255 1255 1255 1255 1354 1258 1299

Parameters
 Female 𝑀 0.19 0.25 0.16 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19

 Female 𝑀 break 1 0.17
 Female 𝑀 break 2 0.20
 Female 𝑀 Lorenz 0.19

 Female Lmin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 Female L∞

 Female 𝑘
50.85
0.18

50.90
0.18

50.56
0.18

50.41
0.18

48.00
0.18

48.00
0.18

50.85
0.18

50.91
0.18

50.81
0.18

50.84
0.18

50.83
0.18

52.22
0.18

50.83
0.18

48.18
0.20

 Female 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
 Female CV old 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
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Table 29: Likelihood, parameter and derivied quantities from alternataive model specification sensitivity model runs during 
model development and review (i.e., pre-STAR panel models). (continued)

Pre- 2015 Loren- Est Fix Fix Est Est Bio Fx- Fec No Full Logis-
STAR M zen M growth, growth Lmin CVlts mat nal = rec rec tic 
Ref. M est M ogive mat mat devs devs sel

Mod. ogive

 Female mat50 40.36 40.36 40.36 40.36 40.36 40.36 40.36 40.36 34.38 40.36 40.36 40.36 40.36 40.36
 Female neg. slope 

 Male 𝑀
0.38
0.17

0.38 0.38 0.38
0.18

0.38
0.11

0.38
0.17

0.38
0.17

0.38
0.17

0.31
0.17

0.38
0.17

0.38
0.17

0.38
0.17

0.38
0.17

0.38
0.17

 Male 𝑀 break 1 0.17
 Male 𝑀 break 2 0.17
 Male 𝑀 Lorenz 0.17

 Male Lmin 0.0 0.0 0.0 0.0 0.0 0.0 -3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 Male L∞

 Male 𝑘
44.88
0.22

45.08
0.22

44.34
0.23

44.30
0.23

44.87
0.21

44.87
0.21

44.47
0.24

44.88
0.22

44.84
0.22

44.87
0.22

44.86
0.22

46.55
0.21

44.89
0.22

42.93
0.24

 Male 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
 Male CV old 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

𝑙𝑛(𝑅0) 8.24 8.17 9.85 8.58 7.53 8.16 8.25 8.24 8.22 8.24 8.23 8.29 8.08 8.21
 Non-trawl logQ -5.8 -5.9 -5.7 -5.8 -6.2 -6.4 13.2 -5.8 -5.8 -5.8 -5.8 -6.0 -5.8 -5.5

 Non-trawl extra SD 0.03 0.02 0.04 0.02 0.12 0.25 0.03 0.03 0.03 0.03 0.03 0.09 0.03 0.16
 Ocean logQ -9.2 -9.3 -9.1 -9.3 -9.7 -9.9 9.3 -9.2 -9.2 -9.2 -9.2 -9.4 -9.2 -8.8

 Ocean extra SD 0.28 0.28 0.30 0.26 0.14 0.13 0.28 0.28 0.29 0.28 0.29 0.15 0.29 0.42
 MPA logQ -7.4 -7.4 -7.3 -7.4 -7.8 -7.9 -7.4 -7.4 -7.4 -7.4 -7.4 -7.5 -7.4 -7.0

 MPA extra SD 0.17 0.16 0.18 0.15 0.09 0.05 0.16 0.17 0.17 0.17 0.17 0.10 0.17 0.26
 Tag logQ -1.2 -1.2 -1.1 -1.2 -1.7 -1.9 -1.2 -1.2 -1.2 -1.2 -1.2 -1.5 -1.2 -0.7

 Tag extra SD 0.16 0.16 0.16 0.14 0.11 0.08 0.16 0.16 0.16 0.16 0.16 0.13 0.16 0.17
 MRFSS logQ -7.7 -7.7 -7.6 -7.7 -8.0 -8.4 -7.7 -7.7 -7.7 -7.7 -7.7 -8.1 -7.2 -7.5

 MRFSS extra SD 0.40 0.38 0.44 0.36 0.11 0.06 0.39 0.40 0.39 0.40 0.39 0.20 0.08 0.59
 Trawl: Peak 52.5 52.4 53.1 53.3 52.3 52.6 52.6 52.5 52.6 52.5 52.6 50.9 52.7 55.0

 Non-trawl: Peak 42.6 42.5 43.2 43.2 41.5 41.8 42.5 42.6 42.7 42.6 42.6 41.9 42.6 42.9
 Non-trawl: Ascend 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.8
 Non-trawl: Decend 2.2 2.2 1.5 1.6 2.3 2.2 2.2 2.2 2.2 2.2 2.2 2.3 2.2 -9.0

 Non-trawl: End -1.6 -1.6 -1.1 -1.0 -1.4 -1.4 -1.6 -1.6 -1.6 -1.6 -1.6 -2.2 -1.6 10.0
 Ocean: Peak 41.8 41.7 42.4 42.3 40.6 41.0 41.7 41.8 41.9 41.8 41.9 41.3 41.9 43.0

 Ocean: Ascend 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
 Ocean: Decend 2.7 2.7 2.5 2.6 2.7 2.5 2.8 2.7 2.7 2.7 2.7 2.7 2.7 -3.1

 Ocean: End -1.0 -1.1 -0.3 -0.3 -0.8 -0.8 -1.0 -1.0 -1.0 -1.0 -1.0 -1.7 -1.0 10.0
 Shore: Peak 22.1 22.0 23.1 22.7 14.7 15.0 22.3 22.1 22.1 22.1 22.1 22.6 23.5 21.7
 MPA: Peak 43.3 43.2 44.0 43.8 41.9 42.3 43.2 43.3 43.4 43.3 43.3 42.3 43.3 44.6
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Table 29: Likelihood, parameter and derivied quantities from alternataive model specification sensitivity model runs during 
model development and review (i.e., pre-STAR panel models). (continued)

Pre- 2015 Loren- Est Fix Fix Est Est Bio Fx- Fec No Full Logis-
STAR M zen M growth, growth Lmin CVlts mat nal = rec rec tic 
Ref. M est M ogive mat mat devs devs sel

Mod. ogive

 MPA: Decend 1.2 1.5 0.3 0.5 2.1 2.1 1.5 1.2 1.2 1.2 1.2 2.2 1.2 1.6
 MPA: End -1.3 -1.4 -0.8 -0.7 -1.4 -1.4 -1.4 -1.3 -1.3 -1.3 -1.3 -2.1 -1.3 -0.6

Derived quantities
𝑆00

𝑆02023
𝐵𝑟𝑎𝑡𝑖𝑜2023

𝑀𝑆𝑌𝑆𝑃𝑅
𝐹𝑆𝑃𝑅

1633
900
0.55
455
0.06

1773
997
0.56
466
0.07

1112
579
0.52
432
0.06

926
554
0.60
517
0.07

1244
723
0.58
397
0.06

1484
734
0.49
529
0.06

1652
915
0.55
459
0.03

1633
900
0.55
455
0.06

2094
1273
0.61
492
0.08

1767
984
0.56
459
0.07

2865
1676
0.59
473
0.07

1897
986
0.52
489
0.07

1385
901
0.65
387
0.06

1253
660
0.53
419
0.06
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Table 30: Likelihood, parameter and derived quantities from data treatment sensitivities to the reference model. Lengths were 
not part of the fil model fit (i.e., the total contribution to the likelihood was 0). The model selection scerios with changed data 
weighting are not comparable to the AIC values. Dir = Dirichlet; McAI: McAllister-Ianelli harmonic mean.

Ref- No No No No No No Add No Dirich- McAll 2015 Sex Sex No 
er- AV tag non- ORBS MRFSSMPA SMURFdata let wts catches = 3 = 3; age 

ence trawl wts wts est bias
Model M

 AIC 5800 5799 5825 5856 5834 5808 5809 5814 33507 67802 4079 5811 6570 6494 5665
 deltaAIC 0 -2 25 56 33 7 8 14 27706 62002 - 11 770 693 -135

1721
Survey likelihood

 Total -79 -81 -66 -54 -61 -74 -74 -74 -79 -78 -80 -80 -74 -81 -78
 Non-trawl -37 -37 -38 0 -40 -38 -38 -37 -39 -38. -37 -37 -38 -36 -36

 Ocean -19 -20 -18 -27 0 -18 -19 -19 -16 -16 -19 -20 -18 -19 -20
 AV 1 1 3 ! 1 1.0 1 0 0 1 1 2 0 2
 Tag -14 -14 -15 -13 -14 -14 -14 -14 -14 -14 -14 -15 -15 -13

 MRFSS -5 -5 -5 -8 -5 -5 -5 -6 -5 -5 -6 -2 -6 -6
 MPA -5 -5 -5 -7 -5 -5 -5 -5 -4 -5 -5 -5 -5 -5

 SMURF 6
Length likelihood

 Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 Trawl 75 75 75 75 75. 75 75 75 185 942 129 76 76 74 74

 Non-trawl 288 282 288 316 285 276 288 288 1301 3400 85 294 208 233 291
 Ocean 120 114 118 141 117 110 120 119 1055 2409 71 125 67 82 118
 Shore 25 25 26 24 26 25 26 25 115 354 97 27 23 21 24
 MPA 19 19 19 21 19 19 19 52 340 41 20 16 18 19

Age likelihood
 Total 2915 2915 2914 2917 2914 2916 2915 2915 16629 33753 2066 2919 3305 3243 2848
 Trawl 662 662 662 662 663 663 662 662 1141 1840 548 665 272 274 674

 Non-trawl 1231 1232 1231 1233 1230 1231 1231 1231 5817 12824 898 1232 2278 2233 1183
 Ocean 1022 1022 1022 1023 1021 1022 1021 1022 9670 19090 620 1022 756 734 990

Parameters
 Female 𝑀 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.22 0.19
 Female L∞ 50.85

 Female 𝑘 0.18
50.81
0.18

50.85
0.18

50.94
0.18

50.83
0.18

50.78
0.18

50.85
0.18

50.85
0.18

54.09 54.06 50.29
0.16 0.16 0.19

50.87
0.18

50.33
0.18

50.99
0.18

50.99
0.19

 Male 𝑀 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.22 0.17
 Male L∞ 46.62

 Male 𝑘 0.21
46.55
0.21

46.62
0.21

46.86
0.21

46.58
0.21

46.48
0.21

46.61
0.21

46.61
0.21

46.53 46.73 46.61
0.21 0.21 0.21

46.68
0.21

44.95
0.22

45.57
0.21

46.47
0.22
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Table 30: Likelihood, parameter and derived quantities from data treatment sensitivities to the reference model. Lengths were 
not part of the fil model fit (i.e., the total contribution to the likelihood was 0). The model selection scerios with changed data 
weighting are not comparable to the AIC values. Dir = Dirichlet; McAI: McAllister-Ianelli harmonic mean. (continued)

Ref- No No No No No No Add No Dirich- McAll 2015 Sex Sex No 
er- AV tag non- ORBS MRFSSMPA SMURFdata let wts catches = 3 = 3; age 

ence trawl wts wts est bias
Model M

𝑙𝑛(𝑅0) 8.1 8.1 8.1 8.0 8.2 8.1 8.1 8.1 8.2 8.3 8.1 8.1 8.1 8.7 8.0
 Non-trawl logQ -5.7 -5.6 -5.7 -5.7 -5.7 -5.7 -5.7 -5.9 -6.0 -5.6 -5.7 -5.3 -5.9 -5.5

 Non-trawl extra SD 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.04 0.04
 Ocean logQ -9.1 -9.1 -9.2 -9.0 -9.1 -9.1 -9.1 -9.4 -9.4 -9.1 -9.2 -8.8 -9.3 -9.0

 Ocean extra SD 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
 MPA logQ -7.2 -7.2 -7.2 -7.0 -7.3 -7.2 -7.2 -7.5 -7.5 -7.1 -7.2 -6.8 -7.4 -7.1

 MPA extra SD 0.15 0.14 0.15 0.10 0.16 0.15 0.15 0.17 0.18 0.15 0.15 0.16 0.17 0.14
 Tag logQ -1 -1 -1.1 -1.1 -1.1 -1.2 -1.2 -0.9 -1.1 -0.7 -1.4 -0.9

 Tag extra SD 0.1 0.07 0.1 0.09 0.09 0.1 0.09 0.1 0.09 0.08 0.07 0.10
 MRFSS logQ -7.7 -7.6 -7.7 -7.7 -7.9 -7.9 -7.6 -7.7 -7.4 -7.8 -7.7

 MRFSS extra SD 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3
Derived quantities

𝑆00
𝑆02023

𝐵𝑟𝑎𝑡𝑖𝑜2023
𝑀𝑆𝑌𝑆𝑃𝑅

𝐹𝑆𝑃𝑅

1490
674
0.45
422
0.07

1460
629
0.43
415
0.07

1499
691
0.46
425
0.07

1372
420
0.31
387
0.07

1519
741
0.49
431
0.07

1482
665
0.45
422
0.07

1497
689
0.46
424
0.07

1492
673
0.45
422
0.07

1942
1171
0.60
469
0.07

1987
1198
0.60
479
0.07

1408
588
0.42
412
0.07

1460
675
0.46
413
0.07

1318
446
0.34
377
0.06

1608
893
0.56
497
0.07

1500
554
0.37
418
0.07
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Table 31: Likelihood, parameter and derivied quantities from altertaive model specification sensitivities to the reference model. 
Lengths were not part of the fil model fit (i.e., the total contribution to the likelihood was 0).

Ref- 2015 Loren- Est Fix Fix Est Est Bio Fxl Fec No Full Lo-
er- M zen M growth, growth Lmin CVlts mat mat = rec rec gis-

ence M est ogive ogive mat devs devs tic 
Model M sel

 AIC 5800 5790 5783 5698 5700 5743 7582 5808.185798 5800 5799 6064 5932 5792
 deltaAIC 0 -10 -17 -103 -100 -57 1782 8 -3 0 -1 264 132 -8

Survey likelihood
 Total -79 -80 -79 -78 -80 -79 -78 -79 -80 -79 -80 -76 -94 -79

 Non-trawl -37 -37 -37 -34 -37 -38 -38 -37 -38 -37 -37 -25 -39 -38
 Ocean -19 -19 -19 -21 -19 -19 -19 -19 -19 -19 -19 -26 -17 -19
 MPA -5 -5 -5 -6 -5 -5 -5 -5 -5 -5 -5 -7 -5 -5

 AV 1 1 1 2 1 1 1 1 1 1 1 2 0 2
 Tag -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -14 -12 -13 -14

 MRFSS -5 -5 -5 -5 -6 -5 -4 -5 -5 -5 -5 -8 -19 -5
Length likelihood

 Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0
 Trawl 75 75 74 84 74 74 73 75 75 75 75 77 73 546

 Non-trawl 289 307 259 451 265 263 297 289 285 288 287 297 306 1871
 Ocean 120 138 85 244 92 102 107 120 117 119 118 111 127 1103
 Shore 25 26 23 33 24 25 24 25 25 25 25 18 18 176
 MPA 19 20 18 27 18 18 18 19 19 19 19 21 20 18

Age likelihood
 Total 2915 2910 2908 2846 2870 2912 3800 2915 2914 2915 2914 3071 2903 2903
 Trawl 662 659 664 648 649 663 746 662 662 662 662 674 654 658

 Non-trawl 1231 1230 1224 1197 1210 1231 1308 1231 1231 1231 1231 1307 1226 1228
 Ocean 1022 1021 1020 1001 1012 1018 1746 1022 1022 1022 1022 1090 1024 1016

Parameters
 Female 𝑀 0.19 0.25 0.24 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19

 Female 𝑀 break 1 0.17
 Female 𝑀 break 2 0.20
 Female 𝑀 Lorenz 0.19

 Female Lmin 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
 Female L∞

 Female 𝑘
50.85
0.18

50.87
0.18

50.75
0.18

50.28
0.18

51.00
0.18

51.00
0.18

50.92
0.18

50.85 50.82
0.18 0.18

50.84
0.18

50.84
0.18

51.03
0.18

50.91
0.18

50.83
0.18

 Female 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
 Female CV old 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
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Table 31: Likelihood, parameter and derivied quantities from altertaive model specification sensitivities to the reference model. 
Lengths were not part of the fil model fit (i.e., the total contribution to the likelihood was 0). (continued)

Ref- 2015 Loren- Est Fix Fix Est Est Bio Fxl Fec No Full Lo-
er- M zen M growth, growth Lmin CVlts mat mat = rec rec gis-

ence M est ogive ogive mat devs devs tic 
Model M sel

 Female mat50 40.36 40.36 40.36 40.36 40.36 40.36 40.36 40.36 34.38 40.36 40.36 40.36 40.36 40.36
 Female neg. slope -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.3 -0.4 -0.4 -0.4 -0.4 -0.4
 Female eggs exp. 

 Male 𝑀
4.68
0.17

4.68 4.68 4.68
0.11

4.68
0.15

4.68
0.17

4.68
0.17

4.68
0.17

4.68
0.17

4.68
0.17

2.90
0.17

4.68
0.17

4.68
0.17

4.68
0.17

 Male 𝑀 break 1 0.17
 Male 𝑀 break 2 0.17
 Male 𝑀 Lorenz 0.17

 Male Lmin 0.00 0.00 0.00 0.00 0.00 0.00 4.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 Male L∞

 Male 𝑘
46.62
0.21

46.72
0.21

46.51
0.21

48.53
0.20

46.04
0.22

46.04
0.22

46.68
0.19

46.62
0.21

46.58
0.21

46.61
0.21

46.60
0.21

47.06
0.21

46.70
0.21

46.14
0.22

 Male 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
 Male CV old 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

𝑙𝑛(𝑅0) 8.1 8.1 9.8 7.8 8.2 8.1 8.1 8.1 8.1 8.1 8.1 8.0 8.0 8.1
 Non-trawl logQ -5.7 -5.7 -5.6 -5.6 -5.7 -5.6 -5.5 -5.7 -5.7 -5.7 -5.7 -5.5 -5.8 -5.8

 Non-trawl extra SD 0.03 0.03 0.03 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.11 0.02 0.03
 Ocean logQ -9.1 -9.2 -9.1 -9.1 -9.2 -9.1 -9.0 -9.1 -9.1 -9.1 -9.1 -9.0 -9.3 -9.4

 Ocean extra SD 0.21 0.21 0.21 0.19 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.14 0.23 0.21
 MPA logQ -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7 -7

 MPA extra SD 0.15 0.15 0.15 0.13 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.08 0.15 0.15
 Tag logQ -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

 Tag extra SD 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
 MRFSS logQ -8 -8 -8 -8 -8 -8 -8 -8 -8 -8 -8 -8 -8 -8

 MRFSS extra SD 0.32 0.31 0.33 0.33 0.31 0.33 0.35 0.32 0.31 0.32 0.32 0.24 0.06 0.33
 Trawl: Peak 53 53 53 53 53 53 53 53 53 53 53 53 53 57

 Trawl: Ascend 4 4 4 4 4 4 4 4 4 4 4 4 4 -1
 Non-trawl: Peak 43 43 43 43 43 43 43 43 43 43 43 43 43 36

 Non-trawl: Ascend 4 4 4 4 4 4 4 4 4 4 4 4 4 0.01
 Ocean: Peak 42 42 42 42 42 42 42 42 42 42 42 42 42 31

 Ocean: Ascend 4 4 4 4 4 4 4 4 4 4 4 4 4 -0.6
 Shore: Peak 22 22 22 22 22 22 22 22 22 22 22 22 22 33

 Shore: Ascend 3 3 3 3 3 3 3 3 3 3 3 3 3 -0.6
Derived quantities

𝑆00 1490 1627 1124 438 781 1470 1416 1490 1907 1613 2610 1337 1365 1404
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Table 31: Likelihood, parameter and derivied quantities from altertaive model specification sensitivities to the reference model. 
Lengths were not part of the fil model fit (i.e., the total contribution to the likelihood was 0). (continued)

Ref- 2015 Loren- Est Fix Fix Est Est Bio Fxl Fec No Full Lo-
er- M zen M growth, growth Lmin CVlts mat mat = rec rec gis-

ence M est ogive ogive mat devs devs tic 
Model M sel

𝑆02023
𝐵𝑟𝑎𝑡𝑖𝑜2023

𝑀𝑆𝑌𝑆𝑃𝑅
𝐹𝑆𝑃𝑅

674
0.45
422
0.07

770
0.47
436
0.07

479
0.43
405
0.06

214
0.49
440
0.08

406
0.52
468
0.08

640
0.44
414
0.07

582
0.41
399
0.06

674
0.45
422
0.07

931
0.49
457
0.08

734
0.46
426
0.07

1242
0.48
440
0.07

461
0.34
377
0.07

819
0.60
385
0.07

542
0.39
389
0.06
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Table 32: The magnitude of retrospective pattern (Mohn’s rho; Mohn, 1999) given the removal of ten years 
of data for fishing intensity (F), fraction unfished (Figure 88), recruitment, and spawning stock biomass 
(SSB; Figure 87). Columns are a derivation of Mohn’s rho (Hurtado-Ferro et al. 2015) used by the Alaska 
Fisheries Science Center (AFSC) and a derivation of Mohn’s rho (Woods Hole Mohn’s rho; Legault 2009) 
used by the Northeast Fisheries Science Center (NEFSC).

 Quantity  AFSC  NEFSC
 F  0.62  0.90
 Fraction unfished -0.30 -0.15
 Recruitment -0.20 -0.67
 SSB -0.40 -0.86
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Table 33: Projections of potential OFLs (mt), ABCs (mt), the buffer (ABC = buffer x OFL), estimated 
total biomass, spawning output, and fraction unfished.

 Year Predicted ABC Age 0+ Spawning Fraction 
OFL (mt) Catch Biomass Output Unfished

(mt) (mt)

 2023 396.25 511.90 6048.92 674.10 0.45
 2024 377.20 511.90 5937.85 636.22 0.43
 2025 367.50 343.62 5864.16 599.32 0.40
 2026 377.12 350.50 5972.50 594.94 0.40
 2027 388.43 359.69 6076.42 598.93 0.40
 2028 398.84 367.73 6166.09 608.46 0.41
 2029 407.21 373.42 6239.34 620.64 0.42
 2030 413.35 377.39 6298.21 633.25 0.42
 2031 417.56 379.56 6345.78 644.79 0.43
 2032 420.45 380.09 6385.75 654.61 0.44
 2033 422.65 380.39 6421.52 662.72 0.44
 2034 424.56 380.41 6454.65 669.40 0.45
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Table 34: Decision table summary of 10 year projections beginning in 2023 for alternative states of nature 
based on an axis of uncertainty related to model structure relative to the reference model. Columns range 
over low (12.5 quantile), mid (reference model), and high states (87.5 quantile) of nature and rows range over 
different catch level assumptions. The first two years are fixed based on the current harvest specifications.

 Est. AV ln(q)  Reference Model  AV ln(q)=1.82

Year Catch Spawning Fraction 
Output Unfished

Spawning Fraction 
Output Unfished

Spawning Fraction 
Output Unfished

 P*=0.4
 sigma=0.5

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

512
512
321
327
335
342
347
350
352
352
351
347

426
403
378
383
393
407
421
436
448
459
468
475

0.33
0.31
0.29
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37

674
636
599
598
605
618
634
650
665
678
689
698

0.45
0.43
0.40
0.40
0.41
0.41
0.43
0.44
0.45
0.45
0.46
0.47

907
896
875
877
881
885
890
896
901
906
910
914

0.56
0.55
0.54
0.54
0.54
0.55
0.55
0.55
0.56
0.56
0.56
0.57

 P*=0.45
 sigma=0.5

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

512
512
344
350
360
368
373
377
380
380
380
380

426
403
378
379
385
395
407
419
429
438
445
451

0.33
0.31
0.29
0.29
0.30
0.30
0.31
0.32
0.33
0.34
0.34
0.35

674
636
599
595
599
608
621
633
645
655
663
669

0.45
0.43
0.40
0.40
0.40
0.41
0.42
0.42
0.43
0.44
0.44
0.45

907
896
875
872
871
872
874
877
880
883
886
889

0.56
0.55
0.54
0.54
0.54
0.54
0.54
0.54
0.54
0.55
0.55
0.55

 Equilibrium
 yield from
 FMSY proxy
 of SPR=0.5

2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

512
512
422
422
422
422
422
422
422
422
422
422

426
403
378
372
372
376
383
390
396
402
406
409

0.33
0.31
0.29
0.29
0.29
0.29
0.29
0.30
0.30
0.31
0.31
0.31

674
614
556
540
535
538
546
555
565
574
581
586

0.45
0.41
0.37
0.36
0.36
0.36
0.37
0.37
0.38
0.39
0.39
0.39

907
896
875
865
856
850
847
845
844
844
844
844

0.56
0.55
0.54
0.53
0.53
0.53
0.52
0.52
0.52
0.52
0.52
0.52
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8 Figures
8.1 Data

Figure 1: Map of the management and assessment areas for black rockfish.
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Figure 2: Summary of data sources used in the reference model. Trawl_wdis: Trawl fishery with discards, 
Non-Trawl_wdis: Non Trawl Commercial Fishery with discards.
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Figure 3: Landings by fleet used in the reference model where catches in metric tons by fleet are stacked. 
Trawl_wdis: Trawl fishery with discards, Non-Trawl_wdis: Non Trawl Commercial Fishery with discards.
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Figure 4: Q-Q plot for the commercial nearshore logbook index.
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Figure 5: Q-Q plot for the recreational ORBS index.
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8.2 Biology

Figure 6: Observed length-at-age by data source and sex.
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Figure 7: Observed length-at-age by sex and year. Total samples are indicated in parentheses.
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Figure 8: External fits to the observed length-at-age by sex.
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Figure 9: Coefficient of variation of length by age by sex. Numbers indicate samples by age and colors 
indicate sex.
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Figure 10: Model estimated length-at-age. Shaded area indicates 95 percent distribution of length-at-age 
around the estimated growth curve.
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Figure 11: Ageing bias plots by reader comparisons.
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Figure 12: Estimated bias relationships for each considered matrix. Reader 1 is always considered unbiased. 
Reader 1a and 1b is an intra-reader comparison. B refers to the bias type and S refers to the imprecision 
type in the model selection for the ageing error matrix.
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Figure 13: Ageing error matrix standard deviation (SD) values by comparison. B refers to the bias type 
and S refers to the imprecision type in the model selection for the ageing error matrix.
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Figure 14: Biological and functional maturity ogives. Biological maturity ogives are represented by the 
dashed lines (logistic regression and 95% CI is grey, flexible spline and 95% CI is light green). Functional 
maturity ogives are represented by the solid lines (logistic regression and 95% CI is grey, flexible spline and 
95% CI is light blue).
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Figure 15: Functional maturity ogives and sample size. Functional maturity ogives are represented by the 
solid lines (logistic regression and 95% CI is grey, flexible spline and 95% CI is light blue) and sample size is 
denoted by the size of the bubbles).
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Figure 16: Maturity as a function of length (cm) used in the reference model.
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Figure 17: Fecundity (kg) as a function of length (cm) used in the reference model.
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Figure 18: Sex-specific length (cm)-weight (kg) data for Oregon black rockfish samples by source. MRFSS 
and ORBS are the ocean boat recreational fishery from early and late periods.
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Figure 19: Sex-specific length (cm)-weight (kg) estimated power function relationships. Washington state 
estimate relationships are also provided for comparison.

125



Figure 20: The set of standardized indices (each index is scaled to have a mean observation of 1) used in 
the reference model.
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Figure 21: Q-Q plot for the marine reserves hook and line survey.
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Figure 22: Index of recruitment from SMURF data collections. Error bars indicate 95% uncertainty interval 
around index values based on the model assumption of lognormal error. This index was not included in the 
reference model, but was evaluated as a sensitivity.
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8.3 Model Results
8.3.1 Bridging

Figure 23: Total (top panel), recreational (middle panel), and commercial (bottom panel) removal history 
used in this assessment compared to the previous (2015) assessment.
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Figure 24: Comparison of spawning output for black rockfish in waters off of Oregon between Stock Synthesis 
versions 3.24 and 3.30. Uncertainty envelops are 95% confidence intervals.
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Figure 25: Comparison of relative spawning output for black rockfish in waters off of Oregon between Stock 
Synthesis versions 3.24 and 3.30. Uncertainty envelops are 95% confidence intervals.
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8.3.2 Model Development

Figure 26: Relative spawning output time series by data treatment compared to the reference model. Each 
scenario is labelled to indicate what data are being used in the scenario. For instance, ’Catch Lengths’ is a 
model with catch and lengths only. ’Dome’ referes to a dome-shaped selectivity option for all fisheries. LH 
refers to life history.
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Figure 27: Spawning output (in billions of eggs) time series by data treatment compared to the reference 
model. Each scenario is labelled to indicate what data are being used in the scenario. For instance, ’Catch 
Lengths’ is a model with catch and lengths only. ’Dome’ referes to a dome-shaped selectivity option for all 
fisheries. LH refers to life history.
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Figure 28: Log relative change (log((Model_sensi-Model_ref)/Model_ref)) in data treatment for 5 derived 
quantities. Colored boxes indicate 95 percent confidence interval of the pre-STAR reference model. See 
section 3.5.1.1 for more details on each scenario.
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Figure 29: Spawning output (in billions of eggs) time series by data treatment compared to the pre-STAR 
reference model. See section 3.5.1.1 for more details on each scenario.
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Figure 30: Relative spawning output time series by data treatment compared to the pre-STAR reference 
model. See section 3.5.1.1 for more details on each scenario.
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Figure 31: Log relative change (log((Model_sensi-Model_ref)/Model_ref)) in model specification scenario 
for 5 derived quantities. Colored boxes indicate 95 percent confidence interval of the pre-STAR reference 
model. See section 3.5.1.2 for more details on each scenario.
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Figure 32: Spawning output (in billions of eggs) time series by model specification scenario compared to 
the pre-STAR reference model. See ’section 3.5.1.2 for more details on each scenario.
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Figure 33: Relative spawning output time series by model specification scenario compared to the pre-STAR 
reference model. See section 3.5.1.2 for more details on each scenario.
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Figure 34: Acoustic-visual survey catchability likelihood profile (change in the negative log-likelihood across 
a range of catchability values) and derived quantities.
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Figure 35: Acoustic-visual survey catchability likelihood profile for each of the likelihood components.
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Figure 36: Beverton-Holt steepness parameter likelihood profile (change in the negative log-likelihood across 
a range of steepness values) and derived quantities.
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Figure 37: Beverton-Holt steepness parameter likelihood profile for each of the likelihood components.
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Figure 38: Female and male 𝑀 multi-parameter likelihood profile and derived quantities. Red lines in the 
top left figure indicate significantly similar values compared to the reference model. Broken and solid lines in 
the bottom right figure indicate target and limit referene points, respectively.
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Figure 39: Likelihood component values for the female and male 𝑀 multi-parameter likelihood profile.
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Figure 40: Length likelihood component values for the female and male 𝑀 multi-parameter likelihood 
profile.
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Figure 41: Age likelihood component values for the female and male 𝑀 multi-parameter likelihood profile.
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Figure 42: Survey likelihood component values for the female and male 𝑀 multi-parameter likelihood 
profile.
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Figure 43: Jitter runs for the black rockfish reference model, with jitter run number on the x-axis and -log 
likelihood value on the y-axis. Blue dot are models that match the likelihood value of the reference model, 
while red dots deviate from the reference model. All red dots are above the blue dots, indicating no better fit 
to the reference model was found.
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Figure 44: Pairs plots of the fastest mixing parameters from running 2000 posterior draws (and keep 
every draw) using the random walk Metropolis algorithm. Parameters that show little to no movement are 
recommended to be fixed to improve model speed and efficiency.
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8.3.3 Fit to Data

Figure 45: Pearson residuals for each fishing fleet and the MPA survey. Closed bubble are positive residuals 
(observed > expected) and open bubbles are negative residuals (observed < expected).
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Figure 46: Mean length (cm) index from the commercial trawl fishery with 95 percent confidence intervals 
based on sample sizes and data weighting.
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Figure 47: Mean length (cm) index from the commercial non-trawl fishery with 95 percent confidence 
intervals based on sample sizes and data weighting.
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Figure 48: Mean length (cm) index from the recreational ocean boat fishery with 95 percent confidence 
intervals based on sample sizes and data weighting.
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Figure 49: Mean length (cm) index from the recreational shore-based fishery with 95 percent confidence 
intervals based on sample sizes and data weighting.
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Figure 50: Mean length (cm) index from the MPA survey with 95 percent confidence intervals based on 
sample sizes and data weighting.
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Figure 51: Aggregated length (cm) compositions over all years.
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Figure 52: Mean age from conditional age-at-length data for the commercial trawl fishery.
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Figure 53: Mean age observations from the conditional age-at-length data from the non-trawl commercial 
fishery.
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Figure 54: Mean age observations from the conditional age-at-length data from the ocean boat fishery.
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Figure 55: Fit to the non-trawl commercial survey index of abundance.
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Figure 56: Fit to the MRFSS recreational survey index of abundance.
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Figure 57: Fit to the ORBS recreational survey index of abundance.

164



Figure 58: Fit to the tagging survey index of abundance.
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Figure 59: Fit to the MPA survey index of abundance.
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8.3.4 Estimated Recruitment

Figure 60: Estimated time series of age-0 recruits (1000s).
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Figure 61: Estimated time series of recruitment deviations.
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Figure 62: Recruitment deviations variance by year. This plot tracks the information content contained in 
each recruitment deviation. Values below the red line (assumed recruitment variability) indicates years with 
more informed recruitment deviations.
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Figure 63: Stock-recruit curve. Point colors indicate year, with warmer colors indicating earlier years and 
cooler colors in showing later years.
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Figure 64: Recruitment bias adjustment applied in the reference model.
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Figure 65: Recruitment deviations variance check. Low standard deviations indicate years with informative 
deviations .
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8.3.5 Selectivity

Figure 66: Length-based selectivity curves for each fleet and survey.
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8.3.6 Time Series

Figure 67: Estimated time series of spawning output (in billions of eggs).
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Figure 68: Estimated time series of total biomass (mt).
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Figure 69: Estimated time series of fraction of unfished spawning output.
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8.3.7 Comparison to Previous Assessments

Figure 70: Comparison of the time series of spawning output between the 2015 and 2023 assessment results.
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Figure 71: Comparison of the time series of relative spawning output between the 2015 and 2023 assessment 
results.
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8.3.8 Sensitivities

Figure 72: Log relative change (log((Model_sensi-Model_ref)/Model_ref)) in data treatment for 5 derived 
quantities. Colored boxes indicate 95 percent confidence interval of the reference model. See ’Sensitivity 
Analysis’ section for more details on each scenario.
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Figure 73: Spawning output (in billions of eggs) time series by data treatment compared to the reference 
model. See ’Sensitivity Analysis’ section for more details on each scenario.
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Figure 74: Relative spawning output time series by data treatment compared to the reference model. See 
’Sensitivity Analysis’ section for more details on each scenario.
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Figure 75: Sex ratio by age for the model using the sex=3 option.
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Figure 76: Sex ratio by age for the reference model (sex option 1 and 2).
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Figure 77: Sex ratio by age for the model using sex = 1 and 2, and logistic selectivity.
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Figure 78: Log relative change (log((Model_sensi-Model_ref)/Model_ref)) in model specification scenario 
for 5 derived quantities. Colored boxes indicate 95 percent confidence interval of the reference model. See 
’Sensitivity Analysis’ section for more details on each scenario.
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Figure 79: Spawning output (in billions of eggs) time series by model specification scenario compared to 
the reference model. See ’Sensitivity Analysis’ section for more details on each scenario.
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Figure 80: Relative spawning output time series by model specification scenario compared to the reference 
model. See ’Sensitivity Analysis’ section for more details on each scenario.
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8.3.9 Likelihood Profiles

Figure 81: Initial recruitment (𝑙𝑛𝑅0) likelihood profile (change in the negative log-likelihood across a range 
of 𝑙𝑛(𝑅0) values) and derived quantities. Red line in the top left figure indicates the significance level in 
likelihood difference.
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Figure 82: Initial recruitment (𝑙𝑛(𝑅0)) likelihood profile for each of the likelihood components.
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Figure 83: Beverton-Holt steepness parameter likelihood profile (change in the negative log-likelihood across 
a range of steepness values) and derived quantities. Red line in the top left figure indicates the significance 
level in likelihood difference.
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Figure 84: Beverton-Holt steepness parameter likelihood profile for each of the likelihood components.
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Figure 85: Female and male 𝑀 multi-parameter likelihood profile and derived quantities. Red lines in the 
top left figure indicate significantly similar values compared to the reference model. Broken and solid lines in 
the bottom right figure indicate target and limit referene points, respectively.
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Figure 86: Likelihood values by component and within components for the female and male 𝑀 multi-
parameter likelihood profile.
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8.3.10 Retrospectives

Figure 87: Change in the estimate of spawning output when the most recent 5 years of data area removed 
sequentially.
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Figure 88: Change in the estimate of fraction unfished when the most recent 5 years of data area removed 
sequentially.
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Figure 89: Relative error from the reference model for each of the 5 data peels in the restrospective analysis 
for 3 derived outputs. 197



8.3.11 Reference Points and Forecasts

Figure 90: Estimated 1 - relative spawning ratio (SPR) by year.
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Figure 91: Phase plot of the relative biomass (also referred to as fraction unfished) versus the SPR ratio 
where each point represents the biomass ratio at the start of the year and the relative fishing intensity in that 
same year. Lines through the final point show the 95 percent intervals based on the asymptotic uncertainty 
for each dimension. The shaded ellipse is a 95 percent region which accounts for the estimated correlations 
between the biomass ratio and SPR ratio.
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Figure 92: Equilibrium yield curve for the reference model. Values are based on the 2020 fishery selectivities 
and with steepness fixed at 0.72.
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Figure 93: Time series of spawning output (with 95% uncertainty envelops) for three states of nature, based 
on the treatment of the acoustic visual survey catchability, of Oregon black rockfish.
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Figure 94: Time series of relative stock status (with 95% uncertainty envelops) for three states of nature, 
based on the treatment of the acoustic visual survey catchability, of Oregon black rockfish.
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9 Appendix A: Detailed Fit to Length Composition Data

Figure 95: Length comps, whole catch, Trawl-wdis.<br><br>’N adj.’ is the input sample size after 
data-weighting adjustment. N eff. is the calculated effective sample size used in the McAllister-Ianelli tuning 
method.
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Figure 96: Length comps, whole catch, Non-Trawl-wdis (plot 1 of 2).<br><br>’N adj.’ is the input sample 
size after data-weighting adjustment. N eff. is the calculated effective sample size used in the McAllister-Ianelli 
tuning method.
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Figure 97: Length comps, whole catch, Non-Trawl-wdis (plot 1 of 2).<br><br>’N adj.’ is the input sample 
size after data-weighting adjustment. N eff. is the calculated effective sample size used in the McAllister-Ianelli 
tuning method. (plot 2 of 2).
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Figure 98: Length comps, whole catch, Ocean (plot 1 of 2).<br><br>’N adj.’ is the input sample size after 
data-weighting adjustment. N eff. is the calculated effective sample size used in the McAllister-Ianelli tuning 
method.
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Figure 99: Length comps, whole catch, Ocean (plot 1 of 2).<br><br>’N adj.’ is the input sample size after 
data-weighting adjustment. N eff. is the calculated effective sample size used in the McAllister-Ianelli tuning 
method. (plot 2 of 2).

207



Figure 100: Length comps, whole catch, Shore.<br><br>’N adj.’ is the input sample size after data-
weighting adjustment. N eff. is the calculated effective sample size used in the McAllister-Ianelli tuning 
method.

208



Figure 101: Length comps, whole catch, MPA.<br><br>’N adj.’ is the input sample size after data-
weighting adjustment. N eff. is the calculated effective sample size used in the McAllister-Ianelli tuning 
method.
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10 Appendix B: Fit to Conditional-Age-at-Length Composition 
Data

Figure 102: Pearson residuals, whole catch, Trawl-wdis (max=12.74) (plot 1 of 3).
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Figure 103: Pearson residuals, whole catch, Trawl-wdis (max=12.74) (plot 2 of 3).
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Figure 104: Pearson residuals, whole catch, Trawl-wdis (max=12.74) (plot 3 of 3).
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Figure 105: Pearson residuals, whole catch, Non-Trawl-wdis (max=10.81) (plot 1 of 5).
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Figure 106: Pearson residuals, whole catch, Non-Trawl-wdis (max=10.81) (plot 2 of 5).
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Figure 107: Pearson residuals, whole catch, Non-Trawl-wdis (max=10.81) (plot 3 of 5).
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Figure 108: Pearson residuals, whole catch, Non-Trawl-wdis (max=10.81) (plot 4 of 5).
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Figure 109: Pearson residuals, whole catch, Non-Trawl-wdis (max=10.81) (plot 5 of 5).
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Figure 110: Pearson residuals, whole catch, Ocean (max=74.94) (plot 1 of 5).
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Figure 111: Pearson residuals, whole catch, Ocean (max=74.94) (plot 2 of 5).
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Figure 112: Pearson residuals, whole catch, Ocean (max=74.94) (plot 3 of 5).
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Figure 113: Pearson residuals, whole catch, Ocean (max=74.94) (plot 4 of 5).
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Figure 114: Pearson residuals, whole catch, Ocean (max=74.94) (plot 5 of 5).
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11 Appendix C: Fit to Conditional-Age-at-Length Composition 
Data

Figure 115: Trawl conditional AAL plot (plot 1 of 5) showing mean age (left panel) and standard deviation 
(right panel. Shaded areas are 90 percent CIs).
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Figure 116: Trawl conditional AAL plot (plot 2 of 5).
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Figure 117: Trawl conditional AAL plot (plot 3 of 5).
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Figure 118: Trawl‘ conditional AAL plot (plot 4 of 5).
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Figure 119: Trawl conditional AAL plot (plot 5 of 5).

227



Figure 120: Non-trawl conditional AAL plot (plot 1 of 7) showing mean age (left panel) and standard 
deviation (right panel. Shaded areas are 90 percent CIs).
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Figure 121: Non-trawl conditional AAL plot (plot 2 of 7).
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Figure 122: Non-trawl conditional AAL plot (plot 3 of 7).
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Figure 123: Non-trawl conditional AAL plot (plot 3 of 7).
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Figure 124: Non-trawl conditional AAL plot (plot 4 of 7).
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Figure 125: Non-trawl conditional AAL plot (plot 5 of 7).
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Figure 126: Non-trawl conditional AAL plot (plot 6 of 7).
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Figure 127: Non-trawl conditional AAL plot (plot 7 of 7).
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Figure 128: Ocean boat conditional AAL plot (plot 1 of 6) showing mean age (left panel) and standard 
deviation (right panel. Shaded areas are 90 percent CIs).
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Figure 129: Ocean boat conditional AAL plot (plot 2 of 6).
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Figure 130: Ocean boat conditional AAL plot (plot 3 of 6).
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Figure 131: Ocean boat conditional AAL plot (plot 3 of 6).
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Figure 132: Ocean boat conditional AAL plot (plot 4 of 6).
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12 Appendix D: Passive Fit to Marginal Age Composition Data

Figure 133: Excluded age comps, whole catch, Trawl-wdis.<br><br>’N adj.’ is the input sample size after 
data-weighting adjustment. N eff. is the calculated effective sample size used in the McAllister-Ianelli tuning 
method.
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Figure 134: Excluded age comps, whole catch, Non-Trawl-wdis (plot 1 of 2).<br><br>’N adj.’ is the 
input sample size after data-weighting adjustment. N eff. is the calculated effective sample size used in the 
McAllister-Ianelli tuning method.
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Figure 135: Excluded age comps, whole catch, Non-Trawl-wdis (plot 1 of 2).<br><br>’N adj.’ is the 
input sample size after data-weighting adjustment. N eff. is the calculated effective sample size used in the 
McAllister-Ianelli tuning method. (plot 2 of 2).
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Figure 136: Excluded age comps, whole catch, Ocean.<br><br>’N adj.’ is the input sample size after 
data-weighting adjustment. N eff. is the calculated effective sample size used in the McAllister-Ianelli tuning 
method.
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13 Appendix E: Numbers at Age Plot
13.1 Females

Figure 137: Female black rockfish mean age over time.
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13.2 Males

Figure 138: Male black rockfish mean age over time.
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14 Appendix F: Numbers at Length Plot
14.1 Females

Figure 139: Female black rockfish mean length (cm) over time.
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14.2 Males

Figure 140: Male black rockfish mean length over time.
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