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Executive Summary

1. Stock:Red king cralfRKC), Paralithodes camtschaticus, Bristol Bay, Alaska

2. CatchesThe domestic RKC fishery began to expand in the late 1960s and peaked in 1980
with a catch of 129.95 milliolb (58,943 t) The catch declined dramatically in the early 1980s
andremainedat low levels during the lagiireedecadesAfter rationalization, atches were
relativelyhigh before the 2010/11 seadmrthave been on a declining tresidce 2014The
retained catclin 2020/21 was approximately2.65 million Ib (1,257 t), compared to 4.5
million Ib (2,027 t) in 208/19, following areduction intotal allowable catcKTAC). The
magnitude of fcatchfrom groundfish trawhnd fixed geafisherieshas beerstableand
smallrelative to stock abundandeiring the last 10 year$he decline of the directed pot
fishery crab/potift (CPUE) has beemuch less than the retained catigcling with the
2020/21 CPUE having about 12.5% reduction from the average CPUE theirerent
20 years.

3. Stock biomassEstimated mature biomass increased dramatically in thel@¥@s then
decreased precipitousiy the early 1980s. Estimated mature crab abundanceeased
during 19852007 with mature females being about four times more abundant in 2007 than
in 1985 and mature males being about two times more abundant in 2007 than in 1985.
Estimated mature abundanhas steadily declined since 200ke projected mature male
biomass in 202is approximately 43% of the estimate mean survey biomass for the entire
time seriesThe estimated mature female biomass has also been very low during the last
four years with the 2022 values begin approximately 42% of the md@&e estimated
mature female abundaneesbelow the state of Alaska harvest strategy threshold of 8.4
million of crab forafishery opening in 202

4. Recruitment: Btimated recruitmentas high duringhe 1970s and early 1980s and has
generally been low since 19887 9yearclass). During 1982020, estimated recruitment
was above the historical average (12049 reference yearshly in 1984,1986, 1990,
1995,1999,2002 and 2005Estimated recruitmenwvas extremely low during the lak2
years and even lower during the recent eight ye®gh the low recruitment in recent
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years, the projected mature biomessexpected to decline during the next few years with
abelowaveragdishing mortaliy of 0.167 t00.25yr.

5. Management performance:
Status and catch specifications (1,000rtpdel21.1b):
MSST

Biomass Retained Total

Year (MMB) TAC Catch Catch OFL ABC
2018/19 10.62 16.92 1.95 2.03 2.65 5.34 4.27
2019/20 12.7F 14.2f 1.72 1.78 2.22 3.40 2.72
2020/21 1212° 13.96° 1.20 1.26 1.57 2.14 1.61
2021/22 12.01 16.64 0 0.02 0.10 2.23 1.78
2022/23 16.95 3.04 2.43

The stock was above MSST in2022 (69% of BMSY)and hencevasnot overfished.

Since total catclwasbelow OFL, werfishing did not occufThe projection using the

lowest recruitment periods duri@d®13202lwoul d not | i kely resul't
overfished conditiono ba3hecdlatvelylovMESESTiour r ent
2018/19 andBss« in 2019/20 below was caused &yproblem of the previous GMACS

version using thenly sex ratio ofecruitment in the terminal year fBgsy computatiorin

2019. The lower estimated male recruitment ratio in the terminal year in 2019 resulted in a
lower mean male recruitment fBgse«, computation The current version of GMACS uses

anaverage of sex fias of recruitment during the reference period to estilatg which

results in a stable sex rat@bout 50%for the reference point calculation.

The ABC buffer was increased from 10% to 202018 and an additional buffer of 5%
was added 2020 due to the lack of a 2020 survBy20% buffer was recommended by
the CPTand SSQor ABC estimation for 2021/22Reoccurring concerns for this stock

are still present (cold pool distributional shifts, declining trends in mature biomass, lack
of large recruitment pulses, retrospective patterns), in addition to low mature female
biomass the last two years, all conttidto arecommendd20% buffer for 2022/23.

Status and catch specificatiomsil{ion b, model 21.1h)

MSST Biomass Retained Total
Year wmmB) ' °Ccaich  cCatch OFL ABC
2018/19  23.4B 37.3F 4.31 4.31 5.85 1176 9.41
2019/20 28.0°0 31.£ 3.80 3.91 4.89 7.50 6.00
2020021  26.7°  30.8° 2.77 2.65 3.47 4.72 3.54
2021/22 26.5 36.7 0 0.04 0.22 4.91 392
2022/23 37.4 6.70 5.35

Notes:

A’ Calculated from the assessment reviewed by the Crab Plan Team in Septerber 201
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B i Calculated from the assessment reviewed by the Crab Plan Team in Septeriber 201
C1 Calculated from the assessment reviewed by the Crab Plan Team in Septe2fber 20
D1 Calculated from the assessment reviewed by the Crab Plan Team in Septeziber 20

6. Basis for the OFLValuesarein 1,000 t(model21.1b):

Bwmsy Current  B/Bwmsy Yearsto  Natural
Year Tier MMB (MMB) ForL define  Mortality
Bwmsy

2018/19 3b 25.5 208 0.8 0.25 19842017 0.18
2019/20 3b 21.2 16.0 0.75 0.22 19842018 0.18
2020/21 3b 25.4 14.9 0.59 0.16 19842019 0.18
2021/22 3b 24.2 14.9 0.62 0.17 19842020 0.18
2022/23 3b 24.03 17.0 0.71 0.20 19842021 0.18

Basis for the OFLValuesarein million Ib:

Bmsy Current B/Bwmsy Yearsto  Natural
Year Tier MMB (MMB) ForL define  Mortality
Bwmsy

2018/19 3b 562 459 0.8 0.25 19842017 0.18
2019/20 3b 46.8 35.2 0.75 0.22 19842018 0.18
2020/21 3b 56.1 32.9 0.59 0.16 19842019 0.18
2021/22 3b 53.4 33.0 0.62 0.17 19842020 0.18
2022/23 3b 53.0 37.4 0.71 0.20 19842021 0.18

A. Summary of Major Changes

1. Changesto management of the fisheryNone.

2. Changes to the input data:
a. Updaedgroundfish fisheries bycatch data durit@86-2021.
b. Updated NMFS survey data for 2022, biomass and length compositions
c. Updated length composition data for directed aoxtdirected fisheries.

3. Changes to the assessment methodology:

a. Updated version dBMACS (version 2.01.Heb. 6, 202pis used.

b. The analyses of terminal yesof recruitmeniareupdated

c. Threemodek arecomparedn this report(SeeSection E.3.a for details)
21.1k model21.1a+ updated groundfish fisheries bycatch data.
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22.0: model21.1b+ starting in 1985.
22.0a: model22.0+ estimatinga constanM for males.
Thesanodels are designed fevaluatingstarting the model in 1986d estimating M for males

4. Changes to assessment results:

Threemodel scenarios are compared in this reporthe May 2022 draft report small updates
were made to the accepted model in 2021 (21.1), which included an u@d&egdS version
2.01.E(finalized onFeb. 6, 202Pandgroundfish bycatckhatwas updated when the AKFIN
database was updatedspring of 22 resultingina n e w -inbdel 21e16. These updates
are minor and considered appropriteeplace the base mofel of 21.1 (refer to CPT May
minutes and SSC June minutes 20R&)del 21.1b was used to compaoehe othemodel
scenarios.

Thetwo additional models considersthring the modein 1985 rather that the 1975 start date
of the base model (21.1b). These modedse used to evaluate model starting yeeadt
estimating a basé for males Model 22.0 is theeducedime serieslata version of model
21.1h and theoverallresults are similaiThe notable differences are smalBggq, (22,896t vs
24,026t) and NMFS survey catchabilitp.94 vs 0.9), and higher MMB in the terminal year
(2022) (17,158t vs 16,953t) andhigher OFL 8,482t vs 3,036t) for model 22.0These
differences aréikely caused by a high recruitment in 1984 (associatedtihitiveryhigh M)
being used foBssy computation for model 21.1b and manduenceof BSFRF survey data for
model 22.0EstimatingM for males(0.23 compared to fixing at 0.18 for the base maidel)
model 22.0a significantly increases likelihood values, slightly increases annual mature male
biomassexcept for the terminal year projecti@and results in an estimatBgso,about 10%
lowerthan model 22.0A higher M also results in higherskwand OFL for model 22.0a.

Based on the model results, it appears that the choice of preferred models depends on two
factors:model starting yeaaind estimation ofl. Moving the starting year to 1985 greatly

simplifies this model by removing early years of high biomass and subseljaeratic decline

in biomass in the early 80s. Additionally, a 1985 start date coincides to gear changes in the
NMFS trawl survey in the early 808onsiderationgor M estimation are whethéo estimatea

baseM for males for the whole time serieskeg the base M for males fixed at 0. Etimating

the base M for males does reduce the retrospective bias from model 22.0 (the base model that
starts in 1985)The oncernwith estimatinga baseM for males for the whole time series is
potential confoundingvith estimating trawl survey catchability.

Based ortheabove considerati@nwe recommend mod@&ll.b or 22.(as the base model for
overfishing definition determination in September 2@Retheir simple approach: a fixdohse
M of 0.18 for males, lessonfoundingbetween estimatinyl and survey catchabilifyand
acceptable data fittings. Model 22.0 has an additional advantageidfngthe dramatic
abundancelecline during the early 198@sd not including theecruitment associated with an
extremely highM being used for estimatirBgse. If estimatingabaseM valuefor males in the
model is acceptable, then model 289also a good alternative, which fits the data well and
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greatly reduces retrospective bfemn model 22.0Model 21.1b results are presented in the
specification tables in the executive summary laes for managementlated quantities for
all models are summarized in likelihood Tables 5b.

B. Responses to SSC and CPT Comments

1. Responseo the most recent two sets of SSC and CPT comments on assessments in
general:

Response to SSC Comments (frofebruary 2022):

AThe SSC supports the CPT general recommendations that all stock assessments include results
from the currentlyaccepted model with new data (base model) so that changes in model
performance can be assessed. Values for managesiatdd quantities for all models that may

be recommended by the CPT or SSC should also be available.

ResponseWe have followed thesecommendations.

2. Responses to the most recent two sets of SSC and CPT comments specific to this
assessment:

Response to CPT Comments (frofMay 2021):

AiThe CPT was concerned that the oO0informati ont¢
mortality could be related to strong assumptions elsewhere in the model, and recommended further
exploration of natural mortality after September and suggested attending the June 2021 CAPAM
workshop on natural mortality, which may provide some insights intofdsastices. A large

increase in estimated natural mortality would likely increase fishing mortality reference points,

with management implicationso

ResponseM was explored itMay 2022. EstimateM values in the lengthased crab models tend
to have higher values than the other approaches, and confounding among edfimaiecy
selectivity/catchability, and recruitment in a lengjised model makes it difficult to accurately
estimateM in the moel. Among thethreemodels inSeptember 2022, one estimates a Ibhser
males (22.0a).

AThe CPT recommended presenting Models 19.3d, 19.3e, and 19.3g in September with updated
datao

ResponsaiVe ran these three models as well as another nmdgjested by the SSC for September
2021.



AThe CPT was interested in more exploration of the retrospective patterns, which seem to have
increased since the | ast assessment despite
starting to reach conceing magnitudes in the proposed mo@els

ResponseThe catch and bycatch updates méke retrospective patternslightly worse than
before Higher than expected BSFRF survey biomass during-2008 and 201-2016 and NMFS
survey biomass in 201kely caused these biases. Also, much lower than expected NMFS survey
biomass during 2028019and 2021results in lower biomass estimates in 2020 and 2021. The
biases for total abundance are much smaller than mature male biomass.

In May 2022, we examird theretrospective patterrfarther. It appears that adding a time block

of M during 20152018 and dropping BSFRF survey dataluce retrospective biabut these
changes were not considered to be biologically or scientifically acceptable.

AiModel 19.3@robably should have been labeled model 21.0, given the large change irPénputs
ResponseTo avoid confusion, we do not change the model label this time. The year in the model
label will be changed when the major model changesh as the model suggest®y the SSC in

June 2021, which is named as model 21.0 in the draft SAFE report in September 2021.

AWhen calculating the probability of being overfished via MCMC, it is necessary to calcsgate B

for each draw to compare the MMB from that drawthit is not done, the comparison is not
consistent 0

ResponseWe havefollowedthis recommendation.

Response to CPT Comments (from September 202

AiWhen projecting the stock to determine whether it is approaching an overfished condition,
identify tre uncertainties included and ignored in the projection. It is particularly important to
distinguish those that are captured in the projection (i.e. those associated with the model) and the
additional uncertainties that form the basis for the ABC buffer.

Responsewe list uncertainties in the projection section.

AWhen projecting MMB, label figures with the date to which it is projected (e.g., Feb. 15, 2022),
not just the year (which can lead to confusion).

ResponseWe follow thisrecommendation

AConsider a model with constant M, but estimated separately for males and females (i.e., similar
to Model 21.0, but withsexpeci fic M6®) for May 2022.
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ResponseModels 22.0, 22.0a, 22.0b, 22.0c and 22vitth starting year of 1985 in B 2022 are
constanM andestimated separately for males and females

AConsider a model in which the data starts in 1985 (as suggested by the CIE reviewers).

ResponseModels 22.0, 22.0a, 22.0b, 22,@2.0d and 22.0én May 2022startin 1985 Of these
models 22.0 and 22.0a were recommended to bring forth in September 2022 for consideration.
They are included in this report.

Response to SSC Comments specific to this assessment (ftme 2021):

fiThe SSC supports exploring more modern methodsstonating natural mortality, but notes
that this method still relies strongly on the maximum age for BBRKC. The SSC recommends
continued research to validate the ages for this séock.

ResponseWe agree with thisuggestionThe maximum age was determihiey old tagging data
anddue to funding and personnel constraage validation foBBRKC is more like a longerm
goal than a shoiterm project.

fiThe likelihood profile suggests that the values of M for male and female might be similar and
that the arrent difference may be because of the constraint of base M to a low value. When M is
misspecified, it can be the cause of a strong positive retrospective pattern, which BBRKC has. The
SSC would have liked to have seen compositional fits and a retrespactilysis for model 19.6

or some model with a higher M value, particularly to see if it fits the plus group better. Despite
the increase in F35%, there was not a commensurate increase in OFL. An exploration of the
underlying reasons for this outcome &eded

ResponseBased on our past modellirexperiencewhenM values for males and females are
estimated separatelgstimatedV valuestended to bealwayshigherfor femalesthan formales.
The likelihood profile was createdroughfixing M values for males and estimatiNgvalues for
females, and when the fixdd valuesfor maleswere very high, estimated valuesfor females
tended to be similar ¥l values for maleslThe increase ik35%but not a commensurate increase
in OFL is due toreduction of mature male biomass caused by theMigh

As a reference, we copied the likelihood profile computed in May 2020 below. Model 19.6 uses
male basév of 0.257 estimated by Then et al. (2015), and the likelihood profile ofNdsam
0.1to 0.4 is as follow:
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It appears that the maximum likelihood value is achieved with aMase0.31 for males and
0.321 for females.

In May 2022, instead of continuing to examine model 19.6, we examine new models starting in
1985with constantM over time: models 22.0, 22.022.0b, 22.0c, and 22.00odel 22.0a with
modelestimatedM of 0.226 for males and 0.261 for females is close to model RAthle plots

are illustrated for mode2.0, 22.0a, and 22.0d in Figures 25c, 25d, 25e, 26c¢, 26d, ardigiéer.

baseM valuesdo improve the plus group fittings somewhat for model 22.0a.

filn addition to the CPT recommended models (19.3d, 19.3e, and 19.3g), the SSC recommends a
simplified version of model 19.3d that estimates one natural mortality parameter acrosslsex a
time, and one shared catchability and selectivity curve for the NMFS trawl survey to help make
several selectivity parameters better defineaul

Response: Waamael this as model 21.0 andcluded itin the September 202dssessment

AThe SSC requestsaththe current crab management zones be included in the maps of VAST
modetderived spatial distributions of BBRKCo

ResponseWe will ask Dr. Jon Richar to add the current crab management zones to the VAST
spatial plots.



fiThe SSC also looksrward to the summary report from the March 2021 CIE Review for this
stock 0

ResponseThesummary report of the 2021 CIE review is included in Appedix
Response to SSC Comments specific to this assessment (from Octoberl202

AThe SSC requests thataddition to temperature effects on the timing of the-mealte cycle, the

authors explore other potential drivers (e.g., prey quality or quantity) that could underlie the
incomplete moitnate cycle observed in 2021. Based on NMFS trawl survey fenualieads

estimates, the State of Alaska closed the BBRKC figNesyx t year 6 s assessment
the probability that the stock is currently i

ResponseNMFS staff is doing evaluation of #4ew survey protocol. Probabilities in the
overfished condition for some models were estimated in September 2021 astinaatedn this
report for the base model (21.1b)

AThe SSC recommends that authors shoulefaly consider assessment implications of the

stock boundaries given the evidence of crabs outside of the managed area. The SSC suggests that
the authors should still be able to use data from outside stock boundaries, even if not used in the
input surveyabundance estimates. For example, the abundance seen outside stock boundaries
could be treated as covariate informing catchability within the model. This analysis seems
particularly important for females that are increasingly outside of the current bmakdaries

and are at low abundance, triggering the State closure. The SSC recommends that the authors
formulate separate survey abundance time series inside and outside of the defined area that
could prove useful in the assessment model (e.g., informtohability). If this is not an option

in the stock assessment, then it highlights the need for ESRs or ESPs to track movement of these
crabs both through survey results and developing indices from local knovdedge.

ResponseThe current version of GMACSeems not to be able to use the Northern RK®@ey

index to inform BBRKC survey catchability. We tried to add a model to include both BBRKC and
Northern RKC data, but the groundfish fisheries bycatch is not currently available in the Northern
area.We plbt more proportional data of the Northern RKC in Figures 35a and@&drall, the
proportions of different size groups of the Northern R#€ing a recent dozen yeare higher

than in the past and do not trend higher excephfdure females 2021. The high survey mature
female abundance in the Northern area in 2021 was primarily from three tows and one of them is
more than 50% of total mature femal€be survey abundance of the Northern RKC will continue

to be plotedin the SAFE report in the futar After migration patternsetween BBRKC and the
Northern RKC ardully understood, we will model them in the stock assessment.

AThe SSC supports the BSFRF collaborative work with ADF&G and NMFS to tag BBRKC



ResponseWe agree and have urged tagging studies for a few years.

Alt would be useful to investigate if there is a mechanism for higher natural mortality or fishing
mortality for females only during that early time period while following the CPT recommendation

of looking at model 21.0 with constant but separate Ms by sex. Since Model 21.0 estimates a very
high level of fishing mortality, but does seem to account for the decline in large females, there may
be a fishery selectivity issue in that period. If the medethoose not to continue to use historic

data prior to 1985, this suggestion may not be useful.

ResponseFiguring out the exact causes of high mortality in the early 18&0dways difficult and

we summarize the potential causes in Appendix A, secliw i Poteritial Reasons for High
Mortality during the Early 198@s The directed fishery does not catch many large females and
small crab, so it is difficult to remove these crab from the fish&ie prefer to start the model in
1985, which has two admtages: avoiding the early 1980s period so that a condgtaner time

can be used, artle same NMFS survey gear throughout the whole model time period.

AThe SSC supports continued exploration of the use of VAST estimates for this assessment,
particularly if their use will inform mechanisms underlying shifting distributions outside of the
current management aread

ResponseWe also support improvement @AST estimates andre willing toprovide feedback
to Jon for further improvementlopefully, we will be able to use the VAST results in the medel
soon.

C. Introduction

1. Species
Red king crab (RKC)Paralithodes camtschaticus Bristol Bay, Alaska

2. General distribution

Red king crabnhabitintertidal waters to depth=200 m of the North Pacific Ocean from British
Columbia, Canada, to the Bering Sea, and south to Hokkaido,, daqutame foundn several
areas of the Aleutian Island=sastern Bering Seand the Gulf of Alaska

3. Stock Structure

The State of Alaska digdes the Aleutian Islands and eastern Bering Sea into three management
registration areas to manage RKC fisheries: Aleutian Islands, Bristol Bay, and Bering Sea
(ADF&G 2012). TheBristol Bay area includes all waters north of the latitude of Cape Sarichef
(54°36'N lat.), east of 16®0 W long., and south of the latitude of Cape Newenharf3®8|

lat.) and the fishery foRKC in this area is managed separately from fisherieRKZ outside of

this area; i.e., the red king crab in the Bristol Bay areassemed to be a separate stock from
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red king crab outside of this ar@dis report summarizes the stock assessment résuttse
Bristol Bay RKC stock.

4. Life History

Red king crab have a complex life histoRecundityis a function of female size, ranging from
tensof thousands to hundreds of thousandayhnes 1968Swiney et al.2012. The eggs are
extruded by femalegertilized in the springand held by females for about 11 months (Powell and
Nickerson 1965). Fertiled eggs are hatchedtime spring, most during Aprlune (Weber 1967).
Primiparous females are bred a few weeks earlier in the seasomtitiparous females.

Larval duration and juvenile crab growth depend on temperature (Stevéh$Si@&ns and
Swiney 2007) Male and femal&KC mature at 612 years old, depending on stock and
temperature§tevens 1990 oher et al. 200fLland may live >20 years (Matsuura drakeshita
1990) Males and females attain a maximum size ofr@&vand 195 mm carapace leng@Ly),
respectively Powell and Nickersot965).Female maturity is evaluated by the size at which
females are observed to carry egg clutches. Male maturity can be defined by multiple criteria
including spermataphore production and size, chelae vs. cam@fmanetry, and participation in
matingin situ (reviewed by Webb 2014ror management purpaséemales >89 mm CL and
males >119 mm CL are assumed to be mature for Bristol Bay RKC. Juvenile RKC molt multiple
times per year until ag& or 4;thereaftermalting continues annually in females for life and in
males until maturityMale molting frequency declineafter attaining functional maturity

5. Fishery

The RKC stock in Bristol Bay, Alaska, supports one of the most valuable fisheries in the United
StatesA review of the history of the Bristol B&gKC fishery is provided in Fitch et al. (2012) and
Otto (1989).The Japanese fleet started the fishery in the early 1930s, stopped fishing from 1940 to
1952, and resumed the fishery from 1953 until 19 Russian fleet fished for RKC from 1959

to 1971 The Japanese fleet employed primarily tanglenets with a very small proportion of catch
from trawls and potsTheRussiarfleet used onlyanglenetsUnited Statesrawlers started fishg

Bristol Bay RKC n 1947 but theeffort and catch declined in the 19508 e domestic RK@ot

fishery began to expand in the late 1960s and peaked in 1980 with a c&26t&f millionlb

(58,943t), worth an estimated $115.3 million-egsselalue The catch declined dmatically in

the early 1980s and hemmainedat low levels during the last two decades (Taléeand 1h After

the early 1980stock collapsethe Bristol Bay RKC fisheryook place during a short period in the

fall (usually lastingabouta week)with thecatch quota based on the stock assessment conducted the
previous summer (Zheng and Kruse 2D®eginning with the 2005/2006 seasoaw regulations
associated with fishemgtionalizationresulted in an increase in the duration of the fishing season
(October 15 to January 1%Vith the implementation of crab rationalizatitime annuagjuideline

harvest leve(GHL) waschanged to #otal allowable catch (TACBefore rationakation, he
implementation error&erequite high for some years asdm ofactual catcbsfrom 1980 to 200
wasabout6% less than theum of GHL/TAC over that period
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6. Fisheries Management

King and Tanner crab stocks in the Bering Seafdedtian Islands are managed by the State of
Alaska through a federal king and Tanner crab fishery management plan (FiMB) the FMP,
management measures are divided into three categories: (1) fixed in the FMP, (2) frameworked in
the FMP, and (3) disdien of the State of Alaskdhe State of Alaska is responsibibe

determinng and establishing @GHL/TAC under the framework in the FMP.

Harvest strategies for the Bristol BRKC fishery have changed over timevo major
managementbjectives for the fishery are to maintain a healthy stock that ensures reproductive
viability and to provide for sustained levels of harvest over the long term (ADF&Q.20
attempting to meet these objectives, B1dL/TAC is coupled with sizesexsea®n restrictions

Only malesO 6 -in®arapace width (equivalent to 28%n CL) may be harvested and no fishing

is allowed during molting and mating periods (ADF&GL2D Specification ofTAC is based on

a harvest rate strateggefore 1990, harvest rates lmgal males were based on population size,
abundance of prerecruits to the fishery, postrecruit abundanceatasdaried from less than

20% to 60% (Schmidt and Pengilly 1990) 1990, the harvest strategy was modified, and a 20%
mature male harvest mtvas applied to the abundance of matuie z e d-mifi OL) @Rades

with a maxi mum 60% harmnmeCl)tmalesaRergillicaadSchonfdt | e g a |
1995) In addition, aninimumthreshold of 8.4 milion mature i z ed f e-mma ClLdwas ( O9 0
added to exdting management measures to avoid recruitment overfishing (Pengilly and Schmidt
1995) Based on a new assessment model and research fiidireysy et al. 1995a, 1995b,

1997a, 1997h)the Alaska Board of Fisheries adopéedewharvest strategy ih996 That

strategy hd two mature male harvest rates: 10% when effective spawning biomass (ESB) is
between 14.5 and 3bmillion Ib and 15% when ESB is at or above®&illion Ib (Zheng ¢al.

1996) The maximum harvest rate cap of legal males was clanga 60% to 50%A

threshold of 14.5 milliotb of ESB was also addebh 1997, a minimum threshold ofGmillion

Ib was established as the minim@#hiL for opening the fishery and maintaining fishergbility
andmanageability when the stock abundarsclew. The Boardnodifiedthe current harvest
strategyin 2003by adding anature harvest rate of 12.5% when HS8 is between 34.75 and

55.0 million Ib andin 2012eliminated the minimum GHL thresholthe current harvest strategy is
illustrated in Figure 1.

D. Data

1. Summary of New Information
a. Updated groundfish fisheries bycatch data during 1ZB8.
b. Updated survey data for 2022

c. Updated lengtrequencies distributions for all data sets for 2021/2022
Data types andvailability periodsare illustrated in Figure 2.

2. Catch Data
Data on &ndings of Bristol BajrKC by length and year and catch per unit effayin 1960 to
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1973were obtained from annual reports of the International North P&tgieries Commission
(Hoopes et al. 1972; Jackson 1974; Phinney 18@8)romthe Alaska Department of Fish and
Gamefrom 1974 to 20 (Tables 1a and }bBycatch data are available starting from 1990 and
were obtained from the ADF&G observer databaserapdrts Gaeuman 20)3Table?2).
Samplesizes for catch by length and shell condition are summarized in Jalitelatively

large samples were taken from the retained catch eachSgaple sizes for trawl bycatch were
the annual sums of length freqegrsamplesn the National Marine Fisheries Service (NMFS)
database

(). Catch Biomass

Retained catch and estimated bycatch biomasses are summarizedsidaitelband illustrated
in Figure3. Retained catch and estimated bycatch from the directed fishery itictugeneral
openaccess fisherfprior to rationalization)or the individual fishery quota (IFQ) fishery (after
rationalization)as well as th€ommunity Development Quo(@DQ) fishery and the ADF&G
costrecovery harvesstartingin 1973, the fishery generally occurred during the late summer and
fall. Before 1973, a small portion of retained catch in some yessaught from April to June
The years in Tabtelaand 1baredefinedas crab year frorduly 1 toJune30. Bycatch data for the
costrecovery fishery before 2006 were not availaloiehis report, pot fisherigaclude both the
directed fishery and RKB8ycatch inthe Tanner crapot fishey, and trawl fisherieandfixed gear
fisheiesaregroundfish fisherieObservers did not separate retained and discardedatdédat
sized cratafter 2017 in the directed pot fishery, seitimale discarded biomass from tieected
fishery has been estimated by the subtractiethod since 201B. Daly, ADF&G, personal
communication)

(i) . Catch Size Composition

Retained catasby lengthand shell condition and bycatsby length, shell condition, and sex

were obtained for stock assessmdratsm 1960 to 1966, onletained catch length compositions
from the Japanese fishery were availaBitained catches from the Russian and U.S. fisheries were
assumed to have the same length compositions as the Japanese fishery during thtsqumeriod

1967 to 1969, the length mpositions fronthe Russian fishery were assunmtedoe the same as

those from the Japanese and U.S. fishehiber 1969, foreign catch declined sharply and only
length compositions from the U.S. fishery were used to distribute catch by. length

(iii) . Catch per Unit Effort

Catch per unit effort (CPUE) is definedthenumber of retained crab per t@nunit fishing effort

for tanglenetsjor theJapanese and Russtanglenefisheries andhenumber of retained crab per
potlift for the U.S. fishery (Tdb 1b). Soak time while an important factor influencing CPUE, is
difficult to standardizeFurthermore, complete historical soak time data from the U.S. fishery are
not availableBased on the approach of Balsiger (1974), all fishing effort from JapasiaRand
U.S. were standardizédthe Japanese tanglenetrh 1960 to 1971, and the CPUE was
standardized as crab per.t&mcept for the peato-crash years dhelate 1970s and early 1980s
the correspondence betwdg!s. fishery CPUE andreaswept swey abundances poor(Figure
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4). Due tothedifficulty in estimatingcommerciafishing catchability andrabavailability to the
NMFS annual trawl survey data, commercial CPUE data were not used in the model.

3. NMFES Survey Data

TheNMFS ha conductedannual trawl surveys of the eastern Bering Sea since 1968. Two vessels,
eachtowing an eastern otter trawl wiin83 ft headrope anal112 ft footrope, conduetithis
multispecies, cralgroundfish survey durinthe summer Stationsweresampled in the center of a
systematic 20 X 20 nm grid overlaid in an are@1f0,000 nr Since 1972thetrawl surveyhas
coveedthe full stock distributiorexceptin nearshorevaters The surveyin Bristol Bay occurs
primarily during late May and Jun&ow-by-tow trawl survey data for Bristol BagKC during
19752021 were provided by NMFSue to survey data quality issue, only survey data after
1974 are used in the assessmendefs.

Abundance estimates by sex, carapace length, and shell condition were derived from survey data
using an areawept approach (Figuréaand5b). Until the late 1980s, NMFS used a post
stratification approach, but subsequently treated Bristol Bay as a single stratum; the estimates
shownfor Bristol Bayin Figures 453 and % were made without postratification. If multiple

tows were madata sngle station in a given year, the average of the abundances from all tows
within that station was used as the estimate of abundance for that. fthgarew time series

since2 015 di scar ds ¥§e usedfihe oetv arsayept esimateoprosiddy

NMFS in 2@1. TheVAST estimated biomassegere not considered in thyse aassessment

but may be considered in the futuFegure §.

In addition to the standasdirveys conducted in early June (late May to early June in 1999 and
2000), a portion of the distribution of Bristol Bay RKC wasurveyedn 1999, 2000, 2002012,

and 2@1to better assess mature female abund&esurveys performed in late July, about six
weeks after the standard survaycluded 31 stations (1999), 23 stations (2000), 31 stations (2006, 1
bad tow and 30 valid tows), 32 stations (2@009), 23stationg2010) and 20 stations (2011

2012 and 202} with high female densés The resurveys we necessary because a high

proportion of mature females had not yet molted or matesh sampleduringthe standard survey
time. Differences in areawept estimates of abundance between the standard surveys and resurveys
of these same statioaseattributed © survey measurement errord@seasonal changes in

distribution between survey and resurpeyiods More large females we observedh the

resurveys than during the standard surveyl999 and 2000presumablypecause most mature
females had not molted prior to the standard surveys 2006, areswept estimates of males >89
mm CL, mature maleand legal males withirhé 32 resurvey stations 2007werenot

significantly differen{P=0.74, 0.74 and 0.95; pairédest of sample meanisg¢tween the standard
survey and resurvapws However, similar to 2006, areavept estimates of mature females within
the 32 resurveytations in 200%veresignificantly different(P=0.03; paired-test)between the

standard survey and resurteys Resurveystations were close to shore during 2@002 and

mature and legal male abundance estimates were lower forttive tiean thestandard survey
Following the CPT recommendation, we used the standard survey data for male abundance
estimates andnly the resurvey data, plus the standard survey data outside the resurveyed stations,
to assess female abundasdaring theseesurveyyears.

14



4. Bering Sea Fisheries Research Foundation Survey Data

The BSFRF conducted trawl surveys for Bristol BAC in 2007 and 2008 with a smatiesh
trawl net and Bminute towyS. Goodman, BSFRF, pers. conT.he surveys occurred at similar
times asthe NMFS standard surveys and cadsabout 97% of the Bristol Bagurveyarea Few
Bristol BayRKC werefoundoutside the BSFRF survey ar&ecause othesmall mesh size,
the BSFRF surveywereexpectedo catchmore RKCwithin thesweptarea Crab abundances of
different size groups were estimated bykhging method Mature maleabundance were
estimated to b22.331million crab CV = 0.0634)in 2007and 19.747 milliorcrab(CV =
0.0765)in 2008 BSFRF also conductetiside-by-side surveyoncurrentwith the NMFS trawl
survey during 2012016 in Bristol Bayln May 2017, survey biomass and size composition
estimates from 201BSFRF sideby-side trawl survey dataere updatedRatiosof NMFS
survey abundancéetal NMFS and BSFRF sidey-sidetrawl surveyabundance are illustrated
in Figure & andratiosof NMFS survey abundand&SFRF sideby-side trawl survey
abundanceare shown in Figuregband 7c.

As a comparison to the estimated NMFS survey catchalfli8g at162.5 mmCL by the

doublebag experiment, we computed an overall ragoQ.891) of NMFSsurvey

abundances/BSFRF sithy-side trawl survey abundandesor | egal c¢crab (0135 n
length)as follow:

¢3¢

n B 0 i5&y B & (1)
wherery, is the ratioof NMFS survey abundance/BSFRF slaeside trawl survey abundanue
yeary and length group andny, is the combined survey abundance of digleside surveys in
yeary and length group Due to small catch, all haul data were combined to compute the ratios
for each length group and year.

E. Analytic Approach
1. History of Modeling Approaches

To reduce annual measurement eremsociated with abundance estimates derived from the
areaswept methodADF& G developed a lengthased analysis (LBAh 199 thatincorporates
multiple years of data and multiple data sources in the estimation pro¢&deng et al. 1995a)
Annual abundace estimates of the Bristol B®&KC stock from the LBA have been used to
manage the directed crab fishery and to set crab bycatch limits in thlfisbuisheries since
1995 (Figurel). An dternativelengthrbased moddiresearch modeilyasdeveloped ir2004 to
include small sizerabto determindederal overfishing limitsGiven that he crab abundance
declined sharply during the early 1980% LBA estimated natural mortality for different
periods of years, whereas the reseanddaelestimated additional mortality beyond aske
constant natural mortalitguring 180-1984 In this reportwe presenbnly the research model
thatwas fit to the data from I% to 222
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2. Model Description

The original LBA model was described in detailZheng et al. (1995a, 1995b) and Zheng and
Kruse (2002) The model combines multiple sources of survey, catchbgoatchdata using a
maximum likelihood approach to estimate abundance, recruitseattivty, fishing mortality,
catch and bycatclof commercialpotfisheries and groundfish trawl fisheri&nce 2019,
GMACS (General Model for Alaska Crab Stocks) has been usehlisstockassessmena full
model description is provided in Appendix A.

af. SeeAppendixA.
g. Critical assumptions of the model:

i. Thebasenatural mortality ikeptconstantt 0.18yr* for males shell conditionand
length and was estimated assuming a maximum age of 25 and applying the 1% rule
(Zheng 2005).

ii. Survey and fisheries selectivities are a functblength and were constant over
shell condition Selectivitiesmay or may not ba function of sex except for
groundfish fisheriebycatch selectivities, which are the same for both s@xes
differentNMFS survey selectivities were estimatetl) {975-1981 and %) 1982
2021, based omodifications to the trawl gear used in the assessment survey.

iii. Growth is a function of lengtliror females, growtipermoltincrements as a
function of lengthare estimatedor three period$19751982, 19831993, andL994
2022) based on sizes at matutitynce mature, female red king citaévea much
smaller growth increment per molt.

iv. Molting probabilities are an inverse logistic function of length for males. Females
molt annually.

v. Annual fishing seasons for tldérected fishery are short.

vi. The priormeanfor NMFS survey catchability Q) is estimated to be 0.89@ith a
standard deviation of 0.026r somemodels based on a trawl experiment by
Weinberg et al. (20041 is assumed to be constant over tiamel isestmated in
the model The BSFRF survey catchabilitys assumed to be 1.0he priormeanof
0.896 for NMFS surve® (at 162.5 mm carapace lengtbplsoclose to he
abundanceveighted average ratiaf 0.891 for cratO135 mmCL acrosgfour years
of sideby-side NMFS and BSFRF surveata(Figure 7c).

vi. Mal es mature at Foscbrwwiqnce()férr?al@ abomdante L
summari zed at sizes 090 mm CL as an i1 nde

viii. Measurement errome assumed to be normally distribdier length compositions
andare log-normally distributed for biomasses

h. Changes to the above since previous assessment: see 8egfimnchanges to the
assessment methodology
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i. Outline of methods used to validate the code used to implement theanddehether
the codes available:Assessment results by GMACSviedbeen compared to the previous
assessment models, ahe toddas online andavailablefrom the first author

3. Model Selection and Evaluation
a. Alternative modetonfigurationgdmodelg:

21.1lx: thebasemodelfor September 202%ith accepted updates May 2022 (12, Bjsic
features of this model include:

(1) An estimateatonstantM for males during 1982984, a constant (basel)of 0.18 for
males during the other years, and an estimated constant multiplier being used to

multiply maleM for femaleM. That is,M for females is relative thl for males each
year.

(2) Including BSFRF survey data during 262008 and 201-2016.

(3) Estimating a constant NMFS survey catchability over time in the model and assuming
BSFRF survey catchability to be 1.0.

(4) Assuming lhe BSFRF survey selectivitias the availability to thBIMFS trawl
survey because the BSFRF survey geavbagsmall mek sizes andhas tighter

contact to theseafloor. This implies that crab occurring in nearshore areas are not
available to trawl survey gears.

(5) Two | evels of molting probabilities fo
based on s urue \yEBxhdendt has.twooparameters.

(63t BEmmegt f ecti ve samplsamplze J-tafersvesstBplea gyee d
sizes are estimated @En(0.25*n, N) for trawl surveys and min(@5*n, N) for catch
and bycatch, wheneis the sum obbserved sample sigéor two sexes, andN is the
maximum sample size (200 for trawl surveys) forretained catch and totalales
from thedirectedpot fishery and 50 for females fraoume pot fishery andor both
males and females frothe Tanner crab argtoundfishfisherie3. There is
justification for enforcing a maximum limit to effective sample sizes because the
number of length measuremerg$arge (Fournieet al. 1998).

(7 Yyand&d survey dafar males and NMFS survey-tew data if availableduring
cold years) for females.

(8) Estimating initial year length compositions.

(9) Usingtotal observer male biomass and total observer male length composition data in
the directed pot fishery to regde discarded male biomass and discarded male length
composition data

(10) Using pbtal male selectivity and retained proportions in the directed pot fishery to
replace retained selectivity and discarded male selec¢tantydue to high grading
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problems n some years since rationalizatiestimatingiwo logistic curves for
retained proportions: one before rationalization (before 2005) and another after 2004

(11) Equal annual effective sample sizes of male and female length compositions.
(12) using the ecently updated version of GMACS (versi»01.5.

(13) updated groundfish fisheries bycatch data

22.0: model21.1b +starting in 1985.
22.0a: model22.0+ estimating a constant M for males.

®© a0 o

Progression of resultSee the newesults at the beginning of the report
Evidence of search for balance between realistic and simpler mbidels
Convergence status/criteridDMB default convergence criteria.

Sample ses for length composition databserved sample sizes are summarin€table
3a

Credible mrameter estimatesAll estimated parameters seem to be credapié within
bounds

Model selection criteriaThe likelihood valuesare used to select among alternatives that
could be legitimately compared by that criterion.

Residual analysigResidual plots ardlustrated invariousfigures.
Model evaluation is provided under Results, below.
Jittering The Sock SynthesisApproachis used tgerformiittering to find the optimum:

The Jitter factor of 0.1 is multiplied by a randomnormal deviation rdev=N(0,1),to a
transformed parametealuebasediponthe predefinecharameter:
- P, +0.0000002

min " 1) , (6)
P, +0.0000001

temp= 0.5 rdev Jitter In( P

val ~
with the final jittered starting parameter vahacktransformed as:
P.-P

I:)new Pm'n + o~ o ! (7)
1.0+exp(- 2.0temp

wherePmax and Pmin are upper and lower bounds of parametersRads the estimated
parameter value before thegiting. Jittering results are not updatadd presentenh this
report.
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4. Results
a. Effective sample sizes and weighting factors.

i. CVsare assumed to 8e03for retained catch biomad3.,04 for total male biomass,
0.07for potbycatch biomasse®,10 for groundfish bycatch biomassasd0.23for
recruitment sex ratidModels alseestimatesigmaR for recruitment variation and lesv
penaltyon M variation and many priedensities.

ii. Initial trawl survey catchability@) is estimated to be 0.896 with a standard deviation
of 0.025 (CV about 0.03) based on the dotlidg experiment resul{8Veinberget al.
2004. These values are ustmiseta prior for estimating in all models

iii. Harmonic means of implied sample sizesl maximum caps of effective sample sizes
for models21.1h 22.0 and 22.0are summarized in Table 4.

b. Tables of estimates.

I. Negative loglikelihood values and parameter estimates are summarized in Tables
5a, 5b, 6a, 6j,and6c for all threemodels

ii. Natural mortality estimatesre shown in Table 7 fahreemodels.

iii. Areaswept estimates of mature female abundance and model estimates of
effective spawning biomass (Zheegal. 1995b) during 2012022 for groundfish
fisheries bycatch calculation are pigded in Table 8.

iv. Abundance and biomass time series are provided in Tahl8b @ad 9cfor
models21.1h 22.0,and 22.0a

V. Recruitment time serigsr models21.1b, 22.022.0aareprovidedin Tables9a,
9b,and9c.

vi. Time series of catchiomasss providedin Tables 1a and 1b

Lengthspecific fishing mortality is equal to selectiviglengthtimes the fullselection
fishing mortality Estimated full pot fishing mortalities for females and full fishing
mortalities forgroundfish fisheriebycatchare low due to low bycatcénd handling
mortality rates less than 1Bstimated recruits varied greadynongyearss (Tables 9a,
9b,and9c). Estimated selectivities for female pot bycadoh close to D for all mature
females, and the estimated full fishing mortalities for female pot byasgdbwer than
thosefor male retained catch and byca@ables 6a, 6b,and6c for models21.1h 22.0,
and 22.0p

c. Graphs of estimates.

i. Estimated slectivitiesby lengthare providedn Figures8a, 8b, 8c, and8d and
estimatednolting probabilities by lengthre illustrated in Figure3a andob.

One of the most important results is estimated trawl survey selectivity (&8zre
Survey selectivity affects not only the fitting of the data but also the absolute
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abundance estimaté&hese stimated survey selectiviti@se generally smaller than

the capture probabilities in Figure A1 because survey selectivities include capture
probailities and crab availabilityThe NMFS survey catchabilitis estimated to be
0.896 from the trawl experimerithe reliability of estimated survey selectivities will
greatly affect the application of the model to fisheries managebhedé¢r or over
estmates of survey selectivities will cause a systematic upward or downward bias of
abundance estimatagspectivelylnformation about crab availability the survey

area at survey times will help estimate the survey selectiitigser estimated
naturalmortalities generally result iower NMFS surveyselectivities, whilghe

estimated survey selectivities after 1981 are similar among the models.

Forall models estimated molting probabilities durird®752021 (Figures 9a, 9b,

and 9c) are generally lower than those estimated from the 1888l and 1964969
tagging data (Balsiger 1974)ower molting probabilities mean more oldshell crab,
possibly due to changes in molting probabilities over time or shell aging. errors
Overestimates or undestimates of oldshell crab will result in lower or higher
estimates of male molting probabilities.

Estimatedmale and femalsurvey biomasssareshown for NMFS surveys
(Figures 10aand10b) and BSFRF surveys (Figut€c). Absolute mature male
biomasses are illustrated in Figsificda and 11b

Thesurvey malédiomass estimates in 20are slightly higher than those in &)1

2019, and 2021put the survey female biomass estimates are Ithaer2018 and
2019, and up slightly from 202Estimated ppulation biomass increased
dramatically in the mid970s then decreased precipitously in the early 1980s.
Estimated biomass had increased during for males and during 198807

for femalesthendeclined,and have steadily declined since the 24180s (Figures
10a-10b, 11a,11b, and 11§ Absolute mature male biomasses for all models have a
similar trend over time (Figusd.1a and 11 Among thehreemodels, model
estimated relative NMFS survey biomassessandar for two models21.1band

22.0 Model 22.0a estimatea constani for males, resulting in slightly higher

NMFS surveybiomassestimategrom the early 2000s and lower in recent years than
the othermodels All models fit the catch and bycatch biomassay well.

The fit to BSFRF survey data and estimated survey selectivities are illustrated in
Figures 18-10d, but are all similar in their results.

Estimated recruitment time series are plotted in Figlaeahd recruitment length
distributionsin Figure 12kfor models21.1h 22.0, and 22.Qd&Recruitment is
estimated at the end of year in GMACS and is moved up one year for the
beginning of next yeaEstimated recruitment time seris models 21.1b22.0,
and 22.0are similar Estimated recruitments among modeith higherM values
are generally higher
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Like the results of previous models, the terminal year recruitment analysis with

model 21.1b suggests the estimated recruitment in the last year should not be used

for estimaing Bssy (Figure 28c).

Estimatedishing mortaity rates are plotted against mature male biomass in
Figures 133, 13.h and 12 for models 21.1b, 20, and 22.@, andestimatedM
and directed pot fishing mortality values over time are illustrated ur&ig2l
for models21.1b, 22.0, an@2.0a.

The average of estimated male recruits fro®416 2@1 for models starting in
1975and from 1986 to 2d2for models starting in 198%-igure12a) and mature
male biomass per recrate used to estimatBzsy The full fishing mortalities for
the directed pot fishery at the time of fishewg plotted against matureate
biomass on Feb. 15 (Figer&3a, 13.band 18). Estimated iEhingmortalitiesin
most years &fore the current harvest strategy was adopted in\i886aboveé-3se
(Figures 13a and 13p Under the current harvest strategy, estimated fishing
mortalities were at or above thesy limits in 19981999, 2005,2007-2010, and
2014-2019 for modek 21.1band22.0, but below thd-3s limits in the otherpost
1995years

Formodel21.1h estimated full pot fishing mortalities ranged from 0.0Q.&¥
during 19752020, with estimated values over 0.40 during 1:9882,19841987,
199061991, 1993, 1998 and 20@DM (Table6a Figure 13). Formodel22.0,
estimated full pot fishing mtalities ranged from 0.00 ta70during 185-2020,
with estimated values over 0.40the same years as mo@él1b Estimated fishing
mortalities for pot female argroundfish fisheriebycatclesare generallysmall and
less than 0.0

For modelR1.1h estimatedV values ard.88 during 19881984 and 0.18 for the
other years for males, and.7during 19801984 and 0.2for the other years for
females, with estimated femaievalues equaling to 125 times maleM values
(Figure 13c)For model2.0, estimatedV values 0.18 foall yearsfor males and
0.23 for females, with estimated femaievalues equaling to 123 times maleM
valuesFor model 22.0a, estimat®kfor males is 0.23, higher than the fixed value
of 0.18 in the other models, whi\® for females is estimated at 0.26, only slightly
higher tharthe base modeBiologically, females mature earlier than males and
likely have higheM values M values forall models are listed in Table 7.

Estimatednature male biomass and recruitmamtplotted to illustrate their
relationshipsvith model21.1b(Figurel4a). Annual stock productiviésare
illustrated in Figurel4b.

Stock productivity (recruitment/mature male biomasggenerally lower during the
last 20 yeargFigure 4b). However, there are high variations for the relation of
stock productiity against mature male biomass.
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Egg clutch data collected during summer surveys may provide information about
mature female reproductive conditigiisgures 15a, b)Although egg clutch data
are subject to rating errors as well as sampling errors, datistover time may be
useful Proportions of empty clutches for newshell mature females >89 maneCL
high in some years befot®90 buthave been low since 1990 (Figu#fs). The high
proportion of empty clutches (0.2) was in 1986, and primarily invategdshell
females (shell condition 1Elutch fullness fluctuated annually around average
levels during two periods: before 1991 and after 1990 (Fitha)e The average
clutch fullnesss similar for these two periods (Figuid®). Egg clutcHullness
during20162018 wasrelatively low; thenincreasedn 2019 and declined again in
2021

d. Graphic evaluation of the fit to the data.

i. Observed vs. estimated catclags plotted in Figure@h, with bycatch mortalities
from different sources shown Figure 16bfor all models.

ii. Model fits toNMFS surveybiomassare shown in Figur&O with a standardized
residual plot in Figurd7 for models21.1b,22.0 and 22.0a

iii. Model fits to catch and survey proportions by lergythillustrated in Figuresgi
24 andresidual bubble plots are shown in Figuzés26.

All modeskfit the fishery biomass data well and the survey biomass reasonably well
(Figures D and B). Because the model estimates annual fishing mortalityifected

pot malecatch, pot female bycatcaindtrawl and fixed geabycatch, the deviations of
observed and predicted (estimated) fishery biomass are mainly due to size composition
differencesAll modelsfit the NMFS areaswept biomasdata almost identicigl (Figure

109).

All modek also fit the length composition data w@ligures 8-24). Modal progressions

are tracked well in the trawl survey data, particularly beginimimgid-1990s (Figures&

and D). Cohorts first seen in the trawl survey data in 1975, 1986, 1990, 1995, 1999, 2002
and 2005 can be tracked over tirSeme cohorts can be tracked over time in the pot
bycatch as well (Figur2l), but the bycatch data did not track the cohortgedlsas the
survey dataGroundfish bycatch data provide little information to track modal
progression (Figurea3 and 23

Residuals of survey biomassand proportions of lengtireplotted to examine their
patternsResidualsvere calculated as observed minus predictecstamalardized by the
estimated standard deviatidResiduals of survey biomassdid not show any consistent
patterndor all modet (Figures 17). Generally, esiduals of proportions of survey males
and feméesappear to be random over length and yaeaall models(Figures 25a-25e

and 26-266. Models with gher baseM valueslike model 22.0amprove the plus group
fittings slightly.

e. Retrospective and historic analyses.
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Retrospective analyses warenducted for this repousing the 2022hodels.The 2@2
modelhindcastresults are based on sequentially excludingy&ae of data to evaluate the
current model performance witbwerdata

i. Retrospective analysis (retrospective bias in base modeldaels)o

The performance of the 2B model includes sequentially excluding eyear of

data Model21.1b producs some upward biaselsiring 2A.2-2022 with higher
terminal year estimas®f mature male biomags 20142022 (Figure Za). Higher
than expected BSFRF survey biomass during Z0WBand 20132016 and NMFS
survey biomass in 2014 likely caused these biases, ilsch lower than expected
NMFS survey biomass during 202819 results in lower biomass estimates ia®0
and 2021Models 22.@and 22.@with starting year of 198bave similar results
(Figures 2&27c). Mo h rrhid salculations for these retrospective runs were high
(0.329 to 0.453) but were reduced some in model 22.0a, which estimated$/a base
for males in the model.

Ratios of estimated retrospective recruitments to terminal estimatezlia@ function

of number of years estimated in the model show converging to 1.0 as the number of
years increasgFigure 2®). Standard deviations of the ratios drop sharply from one
year estimated in the model to two years (Figu@, 2Bowing great uncertainty of
recruitment estimates for terminal years. Based on these results, we suggest not using
recruitment estimates in a terminal year for overfishing/overfished determination.

f. Uncertainty and sensitivity analyses

I. Estimated standard deviations of parameters are sumedan Table 6a-6¢ for
models21.1b, 22.0and 22.0aEstimated standard deviations of mature male
biomass aréistedin Table9.

ii. Probabilities for mature male biomamsd OFLin 2023 wereillustrated in
Figures 30a-30b for model21.1busing theMCMC approach

iii.  Probabilities for mature male biomass below the minimum threshold Bgs&)*
in 2023 were plotedin Figure 31for model21.1busing the MCMC approach.

iv.  Sensitivity analysigor handling mortality rate waacludedin the SAFE report in
May 2010 The baseline handling mortality rate for the directed pot fishery was
set at 0.2A 50% reduction and 100% increasspectivelyresulted in 0.1 and 0.4
as alternativeverall, a igher handling mortality rate resulted in slightly higher
estimates of mature abundance, and a lower rate resulted in a minor reduction of
estimated mature abundanBéfferences of estimated legalaleabundance and
mature male biomass were snfall these handling mortality rathangs.

v. Sensitivity of weights. Sensitivity of weights was examined in the SAFE report in
May 2010.Weights to biomasses (trawl survey biomass, retained catch biomass,
and bycatch biomasses) were reduced to 50% or increa260% to examine
their sensitivity to abundance estimatd&ights to the penalty terms (recruitment
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variation and sex ratio) werespectivelyreduced or increase@verall, estimated
biomasses weragmilar under different weights except during the mii70s The
variation of estimated biomasses in the 18¥0s was mainly caused by the
changes in estimates of additional mortalities in the early 1980s

g. Comparison of alternativ@odels

These comparisonbased on the data through 204:8re reported in the SAFE report in
May 2011 Estimating length proportions in the initial yéacenaridla)resuledin abetter
fit of survey length compositions at an expense of 36 more parairtietensodell.
Abundance and biomass estimatétsh modellaweresimilar betweemmodels Using only
standard survey daacenario 1bjesuledin apoorer fit of survey length compositions and
biomasghan scenarios using both standard artdwedata (scenarios 1aland 1cand ha
the lowest likelihood valuélthoughthelikelihood valuewas higherfor using both
standard survey and-tew data for malegscenario 1jhan using only standard survey for
males(scenario 1g)estimated abundances and biomassealmost identicalThe higher
likelihood value for scenario 1 over scenarionbs due to trawl bycatch length
compositions.

In the SAFEreportin September 2020, seven modetsecompared. The population biomass
estimates in 202&ereslightly higher tha those in 2019. Absolute mature male biomasses
for all models hd a similar trend over time. Among the seven models, model estimated
relative NMFS survey biomasses and mature biomagsessimilar, especiallyfor models
19.0a and 19.0b and for models3@nd 19.3a. Biomass estimates for meti@l0a and 19.0b
werehigher during recent years than the oftvermodel scenarios. As expected, model 19.3b
estimaté a higher trawl survey catchability (>1.0), thus resulting in overall lower absolute
biomass estimates. Differences of biomass estimates between tf@@aland 19.0and
models 19.3, 19.3a, 19,23ind 19.3h culd largely be explained by different struas of
natural mortality All seven model§ittedthe catch and bycatch biomassesy well.

In this report $eptembeR022), threemodels are compareHor negative likelihood value
comparisons (Tablgb), modes 22.0a has a higher negative likeliho@due.High basev
values estimated inside the modgserally result in significantly higheatal likelihood
values

The first model, 21.1b, Baery close result® the base model in 2021 and was considered

tobet he fibased for t hi sThaGvWESupdateandtheas of May
groundfish fisheries bycatch update hardly affected the results. Model 21.1b was used to
compare the othéwo model scenarigoth of which were presented in May 2022 and

chosen apotential candidates for specification setting

Theothermodelspresented herdeothstart in1985 and were used to evaluate model starting
yearand estimating & value for males in the modé¥lodel 22.0 is the short data version

of model 21.1b and theverall results are similar. The notable differences are sniaer
(21,8961 vs 24026t) and NMFS survey catchability (&9s 0.9), and higher MMB in the
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terminal year (202 (17,158t vs 16,953t) and higher OFL3,482t vs 3,036t) for model
22.0.These differences are probably caused by a high recruitment in 1984 (associated with
the verylargeM) being used foBssyscomputation for model 21.1b and more influence of
BSFRF survey data for model 22.0. EstimatrigaseM for males for model 20a

significantly increases likelihood values, slightly increases annual mature male biomass, and
results in an estimatdbsy,about 10% lower than model 22.0. A higlalso results in

higher Bs»and OFL for model 22.0a.

Based on the model results, it appears that the choice of preferred models depends on two
factors:preferred starting yeand estimation d¥l. Considerations d¥l estimation are

whether to estimate basevl for males for the whole time seriesrsus a fied baséM.

Either of these two approaches reduces the retrospective bias considerably. Concern of
estimatinga baseM for males for the whole time series is potential confounding with
estimating trawl survey catchability.

Based on the above considerations, we recommenieél21.1b & fixedbaseM of 0.18 for
males, less confounding between estimaltinand survey catclgity ) or model 22.0
(avoiding dramatic abundance decline during the early 1980s, no recruitment associated
with an extremely higiM being used for estimatiri8gse and acceptable data fittingsr
specification setting for September 202Be base modés$ considered a good option if
moving the starting date is not a desired change this assessmenyalyes.for
managementelated quantities for all models are summarized in likelihood Tables 5b.

F. Calculation of the OFLand ABC

1.
2.

3.

Bristol Bay RKCis currently placed in Tier3NPFMC 2007)

For Tier 3 stocks, estimated biological reference points indBgele and Fase Estimated
model parameteme used to conduct mature male biorqaasrecruit analysis

Specification of the OFL.:
The Tier3 control ruleformulais as follows:

a) = >1 Foo =F
p<B o1 .4B/B - ad
b) = For =F'g8 8§ )
¢ l-a =
B . , *
C) 3 ¢ b directedpotfishery F =0 and F, ¢ F
Where

B = a measure of the productive capacity of the stock such as spawning biomass or fertilized
egg production. A proxy oB is mature male biomas$(MB) estimated at the time of
primiparous female mating (February 15).
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F" = Fas%, a proxy ofFusy, which is afull selection instantaneosthat will produce MSY
at the MSY producing biomass

B’ = Bsse, a proxy ofBusy, which isthe value of biomass at the MSY producing level

b = a parameter withrestriction thatO ¢ b <1. A default value of 0.25 is used.
a = a parameter withrestriction that0 ¢ a ¢ b. A default value of 0.1 is used.

Because trawl bycatch fishing mortaligynot related to pot fishing mortality, average trawl
bycatch fishing mortality during017 to 2@1 is used for the per recruit analysis as well as
for projections in the next sectiddome discards of legal males occuraéidrthe

Individual Fishery QuotdFQ) fishery started in 2005, but the discard rates were much
lower during 20@-2013 than in 2005 after the fishing industry minimized discards of legal
males However, due to high proportisof large oldshell males, the discard rate increased
greatly n 2014.The current models estimate two levels of retained proportions before 2005
and after 2004. The retained proportions after 2004cathmale selectivitieareused to
represent current trends for per recruit analysis and projeceesage molting

probabilities during 206-2021 areused forper recruit analysis and projectiofR®r the
models in 202, the averages are the same since they are constant @vduting at least
thelast B years.

Average recruitmesiduring 19842021 for models starting in 1975 and durib§862021

for models starting in 198&reused to estimatBssy (Figurel12a). EstimatedBasyis
compared with historical mature male biomass in FigdeeThe period 0fL984-2021
correspondto the 1976/77 regime shitindtherecruitment period 13-presentas been
usedsince2011to set the overfishing limitSeveral factorsupportour recanmendation
First, estimated recruitment wéswer after 183 thanbefore 1984which corresponded to
brood yeard 978 and latey after the 1976/77 regime shiecond, high recruitments during
the late 1960s and 1970s generally occurred whesptnening stock was primarily located
in the southern Bristol Bawhereagherecentspawning stockas been concentratedthe
middle of Bristol BayOceaniccurrent flows favor larvahatched in the southern Bristol
Bay (see the section on Ecosystem Siderationgor SAFE reports in 2008 and 2009
Finally, gock productivity (recruitment/mature male biomass) was higher before the
1976/1977 regime shift

Thecontrol rule isused for stock status determinatiortotfl catchexceed$FL estimated
atB,t hen fiover f iBetuasogdeclinesbelddbBusy(i.e., MSST), the
st ock i s (iBiBuseor BBusgpnoryequals ol declines belofy then the stock
productivity is severelgepletedand thedirectedfishery is closed.

Theestimated probability distributierof MMB in 2023 areillustrated in Figure 3@or
model 21.1bBasedon SSC suggesti@in 2011, ABC = 0.9*OFland in October 2018,
ABC = 0.8*OFL The CPTthenrecommended ABC = 0.8*OFL in M&018(accepted by
the SSC)whichis used to estimate ABI@ this reportDue to the stockeingclose toan
overfishedconditionandthelack ofa 2020survey, the CPT recommendaaadditional 5%
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buffer in September 2020, resulting in ABC = 0.75*OFLZ020.A 20% buffer was
suggested by the CPT for 202

MCMC runs with 500,000 replicates a0 draws with mode21.1bare used for
estimating the probabijitof estimated mature male biom&gsngbelow the minimum

threshold (0.5Bsse) (Figure 31). Therobability (converted t@ percentageis estimate to
be abouf% for model 21.1l§Figure 31)

Status and catch specifications (1,000rtpdel 21.1k)

MSST Biomass Retained Total
Year (MMB) TAC Catch Catch OFL ABC
2018/19 10.62B 16.92B 1.95 2.03 2.65 5.34 4.27
2019/20 12.72C 14.24C 1.72 1.78 2.22 3.40 2.72
2020/21 12.12D 13.96D 1.20 1.26 1.57 2.14 1.61
2021/22 12.01 16.64 0 0.02 0.10 2.23 1.78
2022/23 16.95 3.04 2.43

The stock was above MSST in2022 and hencaevasnot overfishedSince total catch
wasbelow OFL, werfishing did not occuiThe relatively low MSST in 2018/19 al#sy

in 2019/20 below was caused dyroblem of the previous GMACS version usingahky

sex ratio of recruitment in the teinal year foBzsy computatiorin 2019.The lower

estimated male recruitment ratio in the terminal year in 2019 resulted in a lower mean male
recruitment foiBzsy, computation The current version of GMACS usasaverage of sex

ratios of recruitment during the reference period to estiBwage which results in a much

more stable sex rati@bout 50%for the reference point calculation.

Status and catch specificatiomsil{ion 1b) (model 2.1b):

MSST Biomass Retained Total
Year (MMB) TAC Catch Catch OFL ABC
2018/19 23.4B 37.3B 4.31 4.31 5.85 11.76 9.41
2019/20 28.0C 31.4C 3.80 3.91 4.89 7.50 6.00
2020/21 26.7D 30.8D 2.77 2.65 3.47 4,72 3.54
2021/22 26.5 36.7 0 0.04 0.22 491 3.92
2022/23 37.4 6.70 5.35

Notes:
A1 Calculated from the assessment reviewed by the Crab Plan Team in Septerber 201
B 1 Calculated from the assessment reviewed by the Crab Plan Team in Septerber 201
C1 Calculated from the assessment reviewed by the Crab Plan Team in Septefiber 20
D i Calculated from the assessment reviewed by the Crab Plan Team in Septe2dber 20
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Basis for the OFLValuesarein 1,000 t (model 214):

Bwmsy Current  B/Bwmsy Yearsto  Natural

Year Tier MMB (MMB) ForL define  Mortality
Bwmsy

2018/19 3b 25.5 20.8 0.82 0.25 19842017 0.18
2019/20 3b 21.2 16.0 0.75 0.22 19842018 0.18
2020/21 3b 25.4 14.9 0.59 0.16 19842019 0.18
2021/22 3b 24.2 14.9 0.62 0.17 19842020 0.18
2022/23 3b 24.03 17.0 0.71 0.20 19842021 0.18

Basis for the OFLValuesarein million Ib (model 21.b):

Bmsy Current B/Bwmsy Yearsto  Natural

Year Tier MMB (MMB) ForL define  Mortality
Bwmsy

2018/19 3b 56.2 45.9 0.82 0.25 19842017 0.18
2019/20 3b 46.8 35.2 0.75 0.22 19842018 0.18
2020/21 3b 56.1 32.9 0.59 0.16 19842019 0.18
2021/22 3b 53.4 33.0 0.62 0.17 19842020 0.18
2022/23 3b 53.0 37.4 0.71 0.20 19842021 0.18

Based on th8zsy.estimatedrom the averagmale recruitment during 84-2021, the biological
reference pointand OFLare illustratedn Table5b.

Basedonthe CPT/SSCrecommendation of 20% buffer rule in May 2@#&! an additional buffer
of 5%by the CPTfor 2020 due tehelack ofa 2020survey ABC = 0.75*OFL (Table 4) A 20%
buffer was recommended by the CPTA®C estimation for 20222. A 20% buffer is also
recommended for 2022/28r similar reasoning as 2021/22

G. Rebuilding Analyses
NA

H. Data Gaps and Research Priorities
1. The following data gaps exist for this stock:
a. Information about changes in natural mortality ineady 1980s
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Un-observed trawl bycatch in the early 1980s
Natural mortality

Crab availability to the trawl surveys

Juvenile crab abundance

-~ 0 o0 T

Female growth per molt as a function of size and maturity

g. Changes in male molting probability over time

h. A better understanding of larval distribution and subsequent recruit distribution
2.Research priorities:

a. Estimating natural mortality

b. Estimating crab availability to the trawl surgey

c. Surveying juvenile crab abundance in nearshore

d. Studying environmentdactors that affect the survival rates from larvae to recruitment.

|. Projections and Future Outlook
1. Projections

Future population projections primarily dependrerecruitment but aab recruitment is
difficult to predict Thereforeannual recruitment for the projectioss random selection from
estimated recruitments duri@@13-2021, a low recruitment periodrour levelsof fishing mortality
for the directed pot fishegreused in the projectiond, 0083, 0.167 and 0.23\ fishing mortality
of 0.167is similar totheestimated-on of 0.173in 2021 with model 21.b. MCMC runs with
500,000 replicates and 500 draws are useth&grojection.

As expected, projected maturale biomassesremuch higher without the directed fishing
mortality thanunderotherpositive mortality valuesAt the end of 10 years, projected mature male
biomasss belowBssy for all modelswith a fishing mortality of 0.083 or highdue to low
recruitments (Figure 32pue tothe poor recruitmenin recent years, the projected biomiss
expectedd decline during the next few yeavith afishing mortality of greater than F 6.167

Even though the stock is not overfished in 2021there is still a question whether the stock is
fapproachingnoverfishec ondi t i ono, which is defined as
than a 50 percent chance thatli@mass of the stock or stock complex will decline below the

~

nw

k

MSST within two year s o b ¥thdstockismétdisthedonorathan&t andar

fishing mortality of 0.167or the directed pot fishery in the 202023and 203/2024 seasos the
projection using the lowest recruitmgmariods during 2082021 would notlikely result in
Aapproachi ng an fawaelZl.lbgigwedd). Bibhradditianal lown o
recruitmentestimataused to computBssy, the estimated MSST woultecline furthein 2023.
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The projections are subject to many uncertainBesistanpopulation parameters estimated in the
models used for the projections includegrowth,andfishery selectivitiesThe uncertainty of
abundance and biomass estimatebarterminal year also affects the projections. Uncertainties of
the projectiongaused by these constant parameters and abundance estimates in the terminal year
would be reduced by tt#%ABC buffer. However, if an extreme event occurs, like a sharp
increase oM during the projection period, the ABC buffeould beinadequate, and the

projections might underestimate uncertainfidee largest uncertainty is likely froracruitments

used for the projections. Higher or lower assumed recruitments would cause too optimistic or too
pessimistiqrojections. Overall, recruitments albused for projections are main factors for

projection uncertainties.

2. Near Future Outlook

The near future outlook for the Bristol BRKC stock isasteady talecliningtrend The three

recent abov@verage year classes (hatching years 1990, 1994, and 18@ntéred the legal
populationby 2006 (Figured4). Most individuals from th&997yearclasswill continue to gain

weight to offsetossof the legal biomag® fishing and natural mortalities. Thboveaverage year
class (hatching year 200@)th lengths centered around 87.5 mm CL for both males anddsimal
2006and with lengths centered around 11215.5 mm CL for males and around 107.5 mm CL for
females in 2008as largely entereitie mature male populatian 2009andthelegalpopulationby
2014(Figures 5a, b. However, no additionatrong cohogwereobserved in the survey data after
this cohorthrough 201@Figure5a, 5b, an®4). A hugetow of juvenile crab of size 455 mm in
2011wasnottrackedduring20122022 surveys andis unlikely to bea strong cohoriThe high
surveyabundanceof large males and mature females in 2014 cannot be explained by the survey
data during the previous yeansdwere also inconsistentith the 205-2022 survey resultgFigure

34). Due tolack of recruitmentmnatureand legatrabmaycontinue tadecline next yean the

presence of fishing pressutHowever this past year suggests that lack of a directed fisirafya

small increase in recruitmeodntribuedto anincrease in abundanc@urrent crab abundance is

still low relative tothe late 1970s, and without favorable environmental conditions, recovery to the
high levels of the late 197@sunlikely.

Although mature crab abundance in Bristol Bay has declined in recent years, mature crab
abundancand biomassorth of Bristol Bayhas been generaltableduring last 16 year@-igures

35a and 35 Overall, the proportions of different size groups of the Northern RKC during a recent
dozen years are higher than in the past and do not trend higher except for mature females in 2021.
The high survey mature female abundance in the Northern area in 2021 was primarily from three
tows and one of them is more than 50% of total mature females. The survey abundance of the
Northern RKC will continue to bprovided in figuresn the SAFE repotin the future. After

migration patterns between BBRKC and the Northern RK@narefully understoodyve will

examine their relationships antbdel them in the stock assessment.
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Tables

Table B Bristol Bay red king crab annual catch and bycatchatityrbiomass (t) from Jy 1 toJune 30A handling
mortality rate of 20% fothe directecpot, 25% for the Tanner fisher0% for traw|] and 50% or fixed geawas
assumed to estiate bycatch mortality biomasEhe male bycatch biomass in the directetifghery is not estimated
outside of a model and not included in this Talitet bycatch and Tanner crab fishery bycatch are estimated through
expanding the mean observer bycatch per pot to total fishery pot. The pot male bycatch after 2017 istbstiogiied
the subtraction methodB. Daly, ADF&G, personal communication]he trawl and fixed gear fishery bycatches are
obtained from the NMFS databa3ée directed pot bycatch before 1988 Tanner crab fishery bycatch before 1991
are not availablérom the observer datand thus not included in thiable. These include recently updated estimates
from the pot fisheries observer dae2021.

Yeal i&;t:;ned Catch Pot Bycatcl Trawl Fixed Tanner Fishery

u.s. Foreign  Total Females Bycatch Bycatct Bycatch
Recovery

1953 1331.3 4705.6 6036.9

1954  1149.9 3720.4 4870.2

1958 1029.2 3712.7 4741.9

195¢ 973.4 3572.9 4546.4

1957 339.7 3718.1 4057.8

195¢ 3.2 3541.6 3544.8

195¢ 0.0 6062.3 6062.3

196¢ 272.2 12200.7  12472.9

1961 1937 20226.6  20420.3

1962 30.8 24618.7  24649.6

1962 296.2 24930.8  25227.0

1964 3733 263855  26758.8

196¢ 648.2 18730.6  19378.8

196€ 452.2 19212.4  19664.6

1967  1407.0 15257.0  16664.1

1966 3939.9 12459.7  16399.6

196¢  4718.7 6524.0 11242.7

197C 38823 5889.4 9771.7

1971 58722 2782.3 8654.5

197z 9863.4 2141.0 12004.3

1973 12207.8 103.4 12311.2

1974  19171.7 215.9 19387.6

1978 23281.2 0 23281.2

197€  28993.6 0 28993.6 682.8

1977  31736.9 0 31736.9 1249.9

197¢  39743.0 0 39743.0 1320.6

197¢  48910.0 0 48910.0 1331.9

198C  58943.6 0 58943.6 1036.5

1981  15236.8 0 15236.8 219.4

198z  1361.3 0 1361.3 574.9

1982 0.0 0 0.0 420.4

1984  1897.1 0 1897.1 1094.0

1985  1893.8 0 1893.8 390.1

198€  5168.2 0 5168.2 200.6

1987  5574.2 0 5574.2 186.4

1986 33511 0 3351.1 598.4

198¢  4656.0 0 4656.0 175.2

199C  9236.2 36.6 0 9272.8 639.2 259.9

1991  7791.8 93.4 0 7885.1 46.8 349.4 1401.8
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199z
199¢
1994
199t
199¢
1997
199¢
199¢
200C
2001
200z
200z
2004
200=
200¢€
2007
200€
200¢
201C
2011
201z
201z
2014
201t
201¢€
2017
201¢
201¢
202C
2021

3648.2
6635.4
0.0
0.0
3812.7
3971.9
6693.8
5293.5
3698.8
3811.5
4340.9
7120.0
6915.2
8305.0
7005.3
9237.9
9216.1
7226.9
6728.5
3553.3
3560.6
3901.1
4530.0
4522.3
3840.4
2994.1
1954.1
1719.8
1200.6
0.0

33.6
24.1
42.3
36.4
49.0
70.2
85.4
84.3
39.1
54.6
43.6
15.3
91.4
94.7
137.9
66.1
0.0
45.5
33.0
53.8
61.1
89.9
8.6
914
83.4
99.6
72.4
55.5
56.4
17.4

[eNeNeNelNeNeolNelNolNolNeololNolNeolNeolNolNolNoNolNeolNolNolNeolNolNolNolNolNolNolNolNol

3681.8
6659.6
42.3
36.4
3861.7
4042.1
6779.2
5377.9
3737.9
3866.2
4384.5
7135.3
7006.7
8399.7
7143.2
9303.9
9216.1
72725
6761.5
3607.1
3621.7
3991.0
4538.6
4613.7
3923.9
3093.7
2026.5
1775.3
1257.0
17.4

395.3
628.3
0.4
0.3
1.0
36.5
553.9
5.6
164.4
120.8
9.1
356.9
171.8
405.4
37.5
159.9
144.8
88.3
1185
25.0
11.2
98.1
84.9
239.1
1234
53.4
150.1
43.3
15.2
5.9

293.5
401.4
87.3
82.1
90.8
57.5
186.1
150.5
81.7
192.8
151.2
136.9
173.5
124.7
151.7
154.1
136.6
94.9
83.2
56.2
34.1
66.9
345
45.1
67.3
91.7
78.0
80.7
80.7
344

41.4
225
18.5
50.1
4.7
35.3
29.2
12.7
15.2
19.9
19.6
32.3
15.6
5.8
2.4
10.9
18.4
55.1
118.7
7.4
29.7
130.0
154.7
45.1
37.6
40.3

244.4
54.6
10.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.8
1.8
4.0
1.6
0.0
0.0
0.0
28.5
42.0
84.2
0.0
0.0
0.0
0.0
0.0
0.0
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Tablelb. Annualretainedcatch(millions ofcrab) and catch per unit effort of the &al Bay red king crab
fishery.

Year Japanese Tanglenet Russian Tanglenet U.S. Pot Standardized
Catch Crab/tan Catch Crab/tan Catch Crab/Potlift Crab/tan
1960 1.949 15.2 1.995 10.4 0.088 15.8
1961 3.031 11.8 3.441 8.9 0.062 12.9
1962 4,951 11.3 3.019 7.2 0.010 11.3
1963 5.476 8.5 3.019 5.6 0.101 8.6
1964 5.895 9.2 2.800 4.6 0.123 8.5
1965 4.216 9.3 2.226 3.6 0.223 7.7
1966 4.206 9.4 2.560 4.1 0.140 52 8.1
1967 3.764 8.3 1.592 2.4 0.397 37 6.3
1968 3.853 75 0.549 2.3 1.278 27 7.8
1969 2.073 7.2 0.369 1.5 1.749 18 5.6
1970 2.080 7.3 0.320 1.4 1.683 17 5.6
1971 0.886 6.7 0.265 1.3 2.405 20 5.8
1972 0.874 6.7 3.994 19
1973 0.228 4.826 25
1974 0.476 7.710 36
1975 8.745 43
1976 10.603 33
1977 11.733 26
1978 14.746 36
1979 16.809 53
1980 20.845 37
1981 5.308 10
1982 0.541 4
1983 No directed fishery
1984 0.794 7
1985 0.796 9
1986 2.100 12
1987 2.122 10
1988 1.236 8
1989 1.685 8
1990 3.130 12
1991 2.661 12
1992 1.208 6
1993 2.270 9
1994 No directed fisherv
1995 No directed fisherv
1996 1.264 16
1997 1.338 15
1998 2.238 15
1999 1.923 12
2000 1.272 12
2001 1.287 19
2002 1.484 20
2003 2.510 18
2004 2.272 23
2005 2.763 30
2006 2.477 31
2007 3.154 28
2008 3.064 22
2009 2.553 21
2010 2.410 18
2011 1.298 28
2012 1.176 30
2013 1.272 27
2014 1.501 26
2015 1.527 31
2016 1.281 38
2017 0.997 20
2018 0.630 20
2019 0.549 16
2020 0.455 21
2021 No directed fishery
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Table 2.Total observer catch and bycatch (metric tnristol Bay red king craliNo handling mortality
rates are appliedhese include recently updated estimates from the potyistserver datan 2021.

Directed Pot Total Trawl Fixed Tanner
Year Males Females Bycatch Bycatch Bycatch
1975 0.000
1976 853.494
1977 1,562.313
1978 1,650.775
1979 1,664.925
1980 1,295.625
1981 274.229
1982 718.610
1983 525.554
1984 1,367.550
1985 487.576
1986 250.758
1987 233.045
1988 747.996
1989 219.023
1990 11621.800 3196.200 324.883
1991 9792.900 233.900 436.783 5,580.843
1992 5916.200 1976.300 366.816 962.846
1993 9516.800 3141.500 501.770 218.112
1994 62.300 1.877 109.129 39.395
1995 52.800 1.612 102.623 0.000
1996 3845.200 5.100 113.495 82.859 0.000
1997 3758.800 182.700 71.862 44,979 0.000
1998 15644.800 2769.300 232.580 36.916 0.000
1999 12112.300 28.000 188.101 100.242 0.000
2000 6579.700 821.900 102.161 9.446 0.000
2001 5711.500 604.000 241.011 70.553 0.000
2002 6961.400 45.600 189.018 58.382 0.000
2003 12166.500 1784.400 171.114 25.351 0.000
2004 10692.000 859.200 216.889 30.422 0.000
2005 13615.900 2027.100 155.924 39.802 0.000
2006 9254.000 187.400 189.660 39.134 15.217
2007 13871.900 799.400 192.571 64.655 7.142
2008 14894.900 724.200 170.754 31.158 16.070
2009 12218.800 441.300 118.672 11.614 6.499
2010 10095.400 592.600 104.005 4.944 0.000
2011 5665.300 124.800 70.286 21.726 0.000
2012 4495.500 55.900 42.641 36.897 0.000
2013 5305.900 490.700 83.613 110.208 113.063
2014 8113.800 424.300 43.129 237.374 137.786
2015 6726.800 1195.600 56.410 154.775 639.573
2016 5651.800 617.200 84.127 59.418 0.000
2017 4077.200 266.900 114.624 260.011 0.000
2018 3423.200 750.400 97.561 309.415 0.000
2019 3144.600 218.000 100.915 90.291 0.000
2020 2299.700 76.100 100.842 75.130 0.000
2021 33.800 29.400 42.99 80.602 0.000
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Table3a. Annual sample sizes (>64 mm Gh)numbers of crabor trawl surveysretained catcidirected
pot, Tanner crab, trawdnd fixed gear fishetyycatclesof Bristol Bay red king crallhese include recently
updated estimates from the pot fishenbserver data and are used for mo@e@2

Trawl S ) Pot Total Pot Trawl Fixed G. ;’_ar;lner
Year rawl survey Rgf;?ﬁd otTolal pycatch  Bycatch Bycatch B;/Sca?(r:yh
Males Females Males Females Combined Combined Combined
1975 2,815 2,042 29,570
1976 2,699 1,466 26,450 3,003
1977 2,734 2,424 32,596 14,703
1978 2,735 2,793 27,529 10,439
1979 1,158 1,456 27,900 10,049
1980 1,917 1,301 34,747 87,152
1981 591 664 18,029 91,806
1982 1,911 1,948 11,466 131,469
1983 1,343 733 0 309,374
1984 1,209 778 4,404 505,115
1985 790 414 4,582 200,460
1986 959 341 5,773 2,126
1987 1,123 1,011 4,230 998
1988 708 478 9,833 630
1989 764 403 32,858 4,641
1990 729 535 7,218 2,544 696 908
1991 1,180 490 36,928 4,696 375 275 3,131
1992 509 357 25,550 4,775 2,379 333 965
1993 725 576 32,942 10,200 5,944 5 497
1994 416 239 0 0 0 571 17
1995 685 407 0 0 0 120
1996 755 753 8,896 642 11 1,209 756
1997 1,280 702 16,143 10,016 906 339 1,269
1998 1,067 1,123 17,116 24,537 9,655 1,430 1,036
1999 765 618 18,685 6,892 40 629 1,602
2000 734 730 14,143 32,709 8,470 729 591
2001 599 736 13,735 25,135 5,436 795 5,029
2002 972 826 16,837 32,317 706 1,139 3,503
2003 1,360 1,250 18,178 44,600 12,474 516 1,872
2004 1,852 1,271 22,465 38,772 6,666 636 2,184
2005 1,198 1,563 27,971 94,622 26,782 1,040 2,146
2006 1,178 1,432 18,451 73,315 3,991 1,168 1,868 140
2007 1,228 1,305 22,809 115,507 12,691 1,225 785 53
2008 1,228 1,183 24,997 89,771 8,564 1,596 1,164 145
2009 837 941 19,336 97,868 6,055 1,170 1,089 193
2010 708 1,004 20,347 69,276 6,872 901 513
2011 531 912 10,904 42,931 1,920 439 1,190
2012 585 707 9,084 21,404 563 281 2,977
2013 647 569 10,396 32,332 6,051 481 8,523 814
2014 1,107 1,257 9,718 31,216 2,663 261 4,285 631
2015 615 681 11,971 24,533 7,457 409 4,472 2,872
2016 378 812 11,003 30,030 5,832 617 4,329
2017 385 508 10,067 30,002 4,043 718 1,415
2018 285 359 7,825 25,635 9,840 893 5,382
2019 273 299 8,134 25,999 2,894 823 863
2020 3,850 16,650 961 764 246
2021 324 247 101 1,100 1433 503 120
2022 401 319
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Table 3. Comparison of areswept and VASIbasedmale Bristol Bay red king crab biomass estimates
from theNMFS trawl survey. Difference = (areavepti VAST)/[(areaswept + VAST)/2]. Reduction =
(areaswepti VAST)/areaswept.VAST estimates were not computed for 2022 or included in models in

2022.

Areaswept VAST Biomass cvVv

Year Biomass CV Biomass CV Differ.% Reduction%
1975 133.084 0.171 148.119 0.099 -10.69 42.37
1976 256.362 0.222 243.853 0.089 5.00 59.74
1977 232.539 0.176 239.346 0.080 -2.89 54.39
1978 199.542 0.200 196.698 0.090 1.44 54.94
1979 102.448 0.239 96.579 0.101 5.90 57.79
1980 166.524 0.240 141.622 0.096 16.16 59.90
1981 68.294 0.144 73.903 0.081 -7.89 44.07
1982 72.296 0.263 60.766 0.096 17.33 63.40
1983 34.762 0.210 34.590 0.088 0.50 58.16
1984 96.418 0.549 47.590 0.108 67.81 80.41
1985 26.819 0.154 29.607 0.090 -9.88 41.62
1986 40.549 0.481 27.200 0.098 39.41 79.62
1987 46.769 0.225 42.384 0.095 9.84 57.78
1988 35.374 0.168 37.874 0.092 -6.83 45.42
1989 42.358 0.222 40.527 0.094 4.42 57.83
1990 38.728 0.227 37.492 0.099 3.24 56.50
1991 66.528 0.543 36.916 0.149 57.25 72.63
1992 25.096 0.178 26.546 0.099 -5.62 44,19
1993 35.671 0.210 36.554 0.109 -2.45 48.32
1994 23.003 0.173 25.230 0.105 -9.23 39.35
1995 27.252 0.327 23.646 0.103 14.17 68.56
1996 26.816 0.187 28.476 0.104 -6.01 44.62
1997 59.638 0.244 55.682 0.101 6.86 58.76
1998 46.209 0.162 50.277 0.092 -8.43 43.25
1999 44,529 0.210 46.095 0.109 -3.46 48.10
2000 38.391 0.164 46.505 0.101 -19.12 38.40
2001 27.943 0.146 31.181 0.088 -10.95 39.84
2002 45.140 0.195 48.796 0.101 -7.78 48.09
2003 74.641 0.406 60.035 0.101 21.69 75.04
2004 90.354 0.395 64.126 0.104 33.96 73.78
2005 54.790 0.181 55.097 0.098 -0.56 46.06
2006 51.215 0.197 54.277 0.088 -5.80 55.27
2007 58.144 0.184 62.256 0.091 -6.83 50.34
2008 67.214 0.302 61.024 0.103 9.65 65.93
2009 43.170 0.365 39.091 0.113 9.92 69.05
2010 39.021 0.237 40.329 0.101 -3.30 57.57
2011 27.385 0.207 29.640 0.106 -7.91 48.65
2012 30.655 0.255 34.232 0.117 -11.02 54.08
2013 39.650 0.207 42.819 0.105 -7.68 49.11
2014 60.649 0.192 64.111 0.097 -5.55 49.56
2015 37.085 0.174 42.030 0.093 -12.50 46.41
2016 27.185 0.148 30.230 0.091 -10.61 38.84
2017 25.335 0.174 26.252 0.086 -3.56 50.61
2018 16.034 0.138 18.270 0.091 -13.03 33.75
2019 15.170 0.163 16.262 0.093 -6.95 42.65
2021 18.235 0.202 17.185 0.133 5.93 34.14
Mean 61.631 0.234 58.942 0.099 2.69 53.24
Min -19.12 33.75
Max 67.81 80.41
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Table . Comparison of areswept and VASIbasediemale Bristol Bay red king crab biomass estimates ftioen
NMFS trawl survey. Difference = (areavepti VAST)/[(areaswept + VAST)/2]. Reduction = (areavepti
VAST)/areaswept.VAST estimates were not computed for 2022 or included in models in 2022.

Area-swept VAST Biomass cvVv

Year Biomass CV Biomass CV Differ.% Reduction%
1975 66.559 0.301 58.081 0.127 13.60 57.79
1976 71.252 0.235 68.255 0.106 4.30 55.08
1977 138.684 0.188 134.450 0.097 3.10 48.60
1978 143.647 0.196 125.444 0.099 13.53 49.30
1979 63.001 0.179 53.741 0.091 15.86 49.34
1980 80.701 0.327 67.448 0.118 17.89 63.92
1981 62.850 0.257 55.937 0.107 11.64 58.30
1982 69.601 0.251 61.728 0.103 11.99 58.91
1983 13.714 0.247 11.953 0.106 13.72 56.95
1984 56.189 0.710 19.191 0.154 98.16 78.28
1985 7.319 0.251 6.680 0.116 9.12 53.59
1986 6.885 0.331 5.835 0.122 16.51 63.20
1987 22.476 0.320 17.208 0.125 26.55 61.01
1988 19.224 0.411 13.843 0.153 32.55 62.72
1989 12.778 0.347 9.644 0.121 27.95 65.03
1990 20.723 0.401 14.301 0.138 36.67 65.47
1991 17.364 0.415 11.900 0.124 37.34 70.14
1992 12.238 0.247 10.797 0.116 12.51 53.03
1993 17.235 0.248 15.702 0.127 9.31 48.83
1994 9.102 0.219 8.425 0.126 7.72 42.42
1995 10.816 0.247 9.454 0.117 13.44 52.54
1996 17.143 0.270 14.672 0.126 15.54 53.41
1997 24.392 0.352 19.315 0.131 23.23 62.79
1998 37.893 0.250 31.954 0.113 17.01 54.82
1999 20.225 0.339 19.950 0.138 1.37 59.28
2000 28.991 0.330 31.734 0.143 -9.04 56.73
2001 24.513 0.294 21.338 0.123 13.85 58.20
2002 23.947 0.289 20.469 0.122 15.66 57.63
2003 41.119 0.221 37.258 0.114 9.85 48.58
2004 40.202 0.255 32.518 0.109 21.13 57.43
2005 50.937 0.205 44.651 0.109 13.15 46.93
2006 43.262 0.200 54.154 0.113 -22.36 43.48
2007 45.183 0.223 53.047 0.105 -16.01 53.10
2008 45.867 0.322 47.268 0.124 -3.01 61.57
2009 47.377 0.327 45,385 0.120 4.29 63.32
2010 41.480 0.271 42.706 0.119 -2.91 56.21
2011 39.023 0.256 41.777 0.121 -6.82 52.62
2012 30.042 0.334 30.582 0.150 -1.78 55.21
2013 22.567 0.359 22.856 0.145 -1.27 59.51
2014 52.486 0.227 65.939 0.129 -22.72 43.09
2015 27.090 0.295 30.854 0.133 -12.99 54.81
2016 33.773 0.259 36.498 0.114 -7.75 55.92
2017 27.599 0.250 29.231 0.106 -5.74 57.70
2018 12.771 0.224 14.247 0.117 -10.93 47.79
2019 13.369 0.185 15.989 0.100 -17.85 46.11
2021 10.241 0.244 10.576 0.109 -3.23 55.17
Mean 37.475 0.285 34.674 0.120 9.22 56.00
Min -22.72 42.42
Max 98.16 78.28
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Table 4. Comparison diarmonic meas of implied sample sizes and maximum cég} of effective
sample sizefor models21.1h 22.0,and22.(a.

Models
21.1b 220 22.(»n
N Harm.S Harm.S Harm.S

Retained catch 150 156.6 1615 171.0
Pot total males 150 216.9 218.1 221.0
Pot total females 50 29.4 29.4 29.4
Trawl bycatch 50 58.8 57.4 61.5
Tanner fishery bycatct 50 254 25.2 25.6
Fixed gear bycatch 50 42.0 41.8 425
NMFS survey 200 175.1 201.6 210.2
BSFRF survey 200 118.8 115.3 1244

42



Table 5a. Number of parameter®r the model Models 21.1b, 22.0,and 22.09. Red values indicate
different values among models.

Parameter counts 21.1b 22.0 22.0a
Fixed growthparameters 0 0 0
Fixed recruitment parameters 2 2 2
Fixed lengthweight relationship parameters6 6 6
Fixed mortality parameters 5 5 4
Fixed survey catchabilitparameter 1 1 1
Fixed high grading parameters 0 0 0
Total number of fixed parameter 14 14 13
Free survey catchability parameter 1 1 1
Freegrowth parameters 6 4 4
Initial abundance (1Xb or 1985 1 1 1
Recruitmenddistribution parameters 2 2 2
Mean recruitment parameters 1 1 1
Male recruitment deviations 47 37 37
Female recruitment deviations 47 37 37
Naturalmortality parameters 2 1 2
Mean& offset fishing mortality parameters 6 6 6
Pot male fishing mortality deviations 47 37 37
Bycatch mortality from Tanner crab fishery 50 30 30
Pot female bycatch fishing mortality devia 32 32 32
Trawl bycatch fishing mortality deviations 47 37 37
Fixed gear bycatch fishing mortality devia 26 26 26
Initial (1975 or 1989 length compositios 35 35 35
Survey extra CV 1 1 1
Free selectivity parameters 22 20 20
Total number of free parameters 372 308 309
Total number ofixed and free parameters 386 322 323
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Table 5b. Negative log likelihood componenémd their differencefor Models21.1h 22.0, 22.0aand
some management quantitieighlighted cells iryellow color show prior density valuesd total negative
likelihood values without prior densitiomass is in metric ton, and abundance is in millions of crab.

Model

21.1b 22.0 22.0a 22.0a22.0
Potret-catch -60.88 -34.88 -35.81 -0.93
PottotM-catch 26.54 26.55 25.62 -0.93
PotF-discC -55.69 -55.70 -55.28 0.42
Trawl-discC -63.74 -51.28 -51.28 0
TannerM-discC -43.54 -26.12 -26.12 0
TannerF-discC -43.48 -26.08 -26.10 -0.02
FixeddiscC -36.04 -36.04 -36.04 0
Trawl-suwbio -35.47 -44.09 -47.68 -3.59
BSFRFsurbio -2.94 -3.33 -4.73 -1.4
Potret-comp -3932.20 -3131.80 -3134.52 -2.72
PottotM-comp -2369.46 -2370.52 -2371.39 -0.87
Potdisckcomp -1449.36 -1449.09 -1450.22 -1.13
Trawl-disccomp -5836.10 -4681.05 -4685.50 -4.45
TC-disccomp -1274.28 -1273.40 -1276.25 -2.85
Fixed-disccomp -3393.50 -3394.74 -3392.59 2.15
Trawl-surcomp -6984.67 -5503.89 -5516.02 -12.13
BSFRFsurcomp -843.53 -842.35 -844.98 -2.63
Recruitdev 70.56 41.28 41.83 0.55
RecruitsexR 76.98 60.67 60.63 -0.04
Log_fdev=0 0.00 0.00 0.00 0
M-deviation 43.83 0.00 0.00
SexspecificR 0.01 0.15 0.18 0.03
Ini-sizestruct. 30.88 50.88 55.77 4.89
PriorDensity 267.30 233.94 221.50 -12.44
Tot-likelihood -25908.79 -22510.90 -22549.41 -38.51
Tot-likeli-no-PD -25641.5 -22276.96 -22317.91 -40.95
Tot-parameter 372 308 309 1
MMB 359 24026.11 21896.23 19512.93 -2383.3
MMB -terminal 16952.82 17157.89 15713.76 -1444.13
Faso 0.298 0.299 0.395 0.096
For 0.200 0.227 0.309 0.082
OFL 3035.63 3481.84 4319.04 837.2
ABC 2428.50 2785.47 3455.23 669.76
NMFS Q 0.967 0.940 0.922 -0.018
Mature females 10.20 10.99 11.688 0.698
Mohn's rho, 10yr 0.373 0.453 0.329
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Table 6a. Summary of estimated model parameter values and standard deviatiomsdidr21.1b for

Bristol Bay red king crab.

index name value std.dev index name value  std.dev
1 thetal2] 0.281 0.014 47 log slIx pars[1] 4,759 0.008
2 thetal4] 19.823 0.049 48 log_slIx pars[2] 2.264 0.046
3 thetal5] 16.213 0.138 49 log_slIx pars[3] 4.507 0.016
4 thetal7] 0.680 0.127 50 log slIx pars[4] 2.020 0.113
5 theta[9] -0.472 0.230 51 log slx pars[5] 5.153 0.056
6 theta[13] 0.959 0.420 52 log slx pars|[6] 2.852 0.045
7 theta[14] 0.651 0.469 53 log slIx pars[7] 4.720 0.220
8 thetal[15] 0.858 0.333 54 log slx pars|[8] 2.164 0.306
9 thetal16] 0.707 0.305 55 log slx pars[9] 4,746 0.078
10 theta[17] 0.544 0.295 56 log slIx pars[10] 0.900 0.304
11 theta[18] 0.499 0.277 57 log slIx pars[11] 4.790 0.023
12 theta[19] 0.342 0.278 58 log slIx pars[12] 2.340 0.086
13 theta[20] 0.376 0.264 59 log slIx pars[13] 4.106 0.176
14 theta[21] 0.408 0.259 60 log_sIx pars[14] 2.234 0.378
15 theta[22] 0.181 0.282 61 log sIx pars[15] 3.773 0.604
16 theta[23] 0.158 0.277 62 log sIx pars[16] 3.290 0.409
17 theta[24] 0.053 0.287 63 log slx pars[17] 4.427 0.029
18 theta[25] 0.169 0.263 64 log slx pars[18] 2.435 0.072
19 thetal[26] -0.010 0.204 65 log slIx pars[19] 4,923 0.002
20 theta[27] -0.239 0.196 66 log slIx pars[20] 0.673 0.053
21 theta[28] -0.390 0.198 67 log slx pars[21] 4,932 0.002
22 theta[29] -0.738 0.211 68 log slx pars[22] 0.727 0.099
23 theta[30] -1.198 0.233 69 log fbar[1] -1.574 0.042
24 theta[31] -1.243 0.235 70 log fbar[2] -4.306 0.075
25 theta[52] 1.294 0.679 71 log fbar[3] -5.599 0.289
26 theta[53] 1.454 0.462 72 log_fbar[4] -6.514 0.072
27 theta[54] 1.395 0.367 73 log fdev[1] 0.818 0.119
28 theta[55] 1.170 0.336 74 log fdev[1] 0.776 0.090
29 theta[56] 1.083 0.295 75 log fdev[1] 0.688 0.074
30 theta[57] 0.600 0.318 76 log fdev[1] 0.781 0.060
31 theta[58] 0.214 0.353 77 log fdev[1] 0.993 0.054
32 theta[59] -0.025 0.362 78 log fdev[1] 1.861 0.056
33 theta[60] -0.214 0.355 79 log fdev[1] 2.394 0.119
34 theta[61] -0.545 0.374 80 log fdev[1] 0.816 0.177
35 theta[62] -0.932 0.386 81 log fdev[1] -8.897 0.126
36 theta[63] -1.190 0.390 82 log fdev[1] 1.143 0.112
37 theta[64] -1.421 0.389 83 log fdev[1] 1.217 0.089
38 theta[65] -1.791 0.377 84 log fdev[1] 1.386 0.073
39 theta[66] -1.897 0.373 85 log fdev[1] 0.920 0.064
40 theta[67] -1.838 0.352 86 log fdev[1] -0.018 0.053
41 Grwth[21] 0.972 0.185 87 log fdev[1] 0.097 0.047
42 Grwth[42] 1.454 0.122 88 log fdev[1] 0.745 0.039
43 Grwth[85] 142.500 1.727 89 log fdev[1] 0.758 0.041
44 Grwth[86] 0.058 0.010 90 log fdev[1] 0.242 0.046
45 Grwth[87] 139.890 0.596 91 log fdev[1] 0.910 0.051
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-4.651
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-0.132

0.783
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-0.239
-0.128

0.337

0.294

0.585

0.339
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0.676

1.452
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-0.518
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0.751
0.231
-0.222
-0.298
1.317
0.431
0.498
-0.049
0.193
-0.531
-0.489
-0.419
0.009
-0.393
-0.091
0.360
-0.185
-0.429
-0.786
-0.460
-0.522
-0.228
-0.287
-0.314
0.331
0.537
0.800
0.187
0.662
0.194
-0.755
1.594
0.967
-0.775

0.164
0.184
0.357
0.737
0.284
0.692
0.087
0.660
0.646
0.324
0.141
0.363
0.373
0.124
0.426
0.444
0.139
0.237
0.280
0.370
0.359
0.194
0.317
0.346
0.332
0.428
0.327
0.218
0.474
0.308
0.467
0.523
0.444
0.513
0.029
0.025
0.273
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Table6b. Summary of estimated model parameter values and standard deviations fa221iioelBristol
Bay red king crab.

index name value std.dev index name value std.dev
1 thetal2] 0.253 0.016 47 log slIx pars[3] 4501 0.016
2 theta[4] 17.851 0.041 48 log_slx_pars[4] 1.993 0.116
3 theta[5] 15.817 0.156 49 log_slx_pars[5] 5.208 0.093
4 theta[7] 0.648 0.123 50 log_sIx_pars[6] 2.932 0.054
5 theta[9] -0.456 0.250 51 log_sIx_pars[7] 4,731 0.223
6 theta[13] 0.759 0.497 52 log_sIx_pars[8] 2.165 0.306
7 theta[14] 0.778 0.475 53 log_sIx_pars[9] 4,718 0.091
8 theta[15] 1.131 0.350 54 log_sIx pars[10] 0.903 0.302
9 theta[16] 1.320 0.285 55 log_sIx_pars[11] 4,787 0.023
10 theta[17] 1.255 0.265 56 log_sIx_pars[12] 2.339 0.088
11 theta[18] 0.989 0.272 57 log_slx_pars[13] 3.946 0.380
12 theta[19] 0.945 0.259 58 log_sIx_pars[14] 2.956 0.384
13 theta[20] 1.202 0.222 59 log_sIx_pars[15] 4.435 0.033
14 thetal21] 1.194 0.216 60 log_sIx pars[16] 2.425 0.090
15 theta[22] 1.011  0.223 61 log_slx_pars[17] 4,924 0.002
16 thetal23] 0.958 0.215 62 log_sIx pars[18] 0.672 0.070
17 theta[24] 0.815 0.218 63 log_sIx_pars[19] 4,932 0.002
18 theta[25] 0.486  0.223 64 log_slx_pars[20] 0.734 0.099
19 thetal26] 0.044 0.194 65 log_fbar[1] -1.645 0.048
20 theta[27] -0.427  0.197 66 log fbar[2] -4.694 0.082
21 theta[28] -1.082  0.220 67 log_fbar[3] -5.973 0.307
22 theta[29] -1.662  0.253 68 log_fbar[4] -6.548 0.073
23 theta[30] -2.340 0.276 69 log fdev[1] 1.030 0.119
24 theta[31] -2.004 0.361 70 log_fdev[1] 1.250 0.079
25 theta[52] -0.099 0.599 71 log_fdev[1] 0.857 0.063
26 theta[53] 0.396  0.656 72 log_fdev[1] 0.005 0.052
27 theta[54] 0.869 0.546 73 log_fdev[1] 0.153 0.046
28 theta[55] 1.077 0.428 74 log_fdev[1] 0.809 0.037
29 theta[56] 1.224 0.336 75 log_fdev[1] 0.821 0.039
30 theta[57] 1.049 0.314 76 log_fdev[1] 0.305 0.043
31 theta[58] 0.830 0.311 77 log_fdev[1] 0.969 0.047
32 theta[59] 0.368  0.348 78 log_fdev[1] -4.182 0.045
33 theta[60] -0.372  0.393 79 log_fdev[1] -4.591 0.039
34 theta[61] -0.822 0.386 80 log fdev[1] -0.120 0.038
35 theta[62] -1.523 0.376 81 log fdev[1] -0.074 0.038
36 theta[63] -1.616 0.373 82 log_fdev[1] 0.842 0.040
37 theta[64] -1.546 0.373 83 log_fdev[1] 0.482 0.039
38 theta[65] -1.769  0.363 84 log fdev[1] -0.106 0.038
39 theta[66] -1.907  0.353 85 log_fdev[1] -0.185 0.038
40 theta[67] -1.874  0.344 86 log fdev[1] -0.071 0.037
41 Grwth[21] 0.897 0.192 87 log_fdev[1] 0.394 0.036
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log_fdev[3]
log_fdev[3]
log_fdevp3]
log_fdev[3]
log_fdev[4]
log_fdev[4]
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log_fdev[4]
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log_fdev([4]
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log_fdev([4]
log_fdev([4]
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log_fdev[4]
log_fdev[4]
log_fdev[4]
log_foff[1]

log_foff[3]

log_fdov[1]

0.351
0.641
0.395
0.759
0.928
-0.727
0.116
1.312
1.790
3.616
1.665
0.960
-0.383
-1.764
-2.614
-2.036
-3.123
-0.479
0.243
1.422
0.578
-0.086
-0.305
0.614
-1.814
0.142
-0.115
-0.949
-0.775
-0.501
-0.547
-0.001
-0.702
-1.700
-2.536
-1.055
-0.500
0.639
1.488
1.168
0.334
1.932
2.187
0.981
0.771
0.751
-2.787
-0.208
2.000
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0.036
0.036
0.037
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0.095
0.127
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0.116
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0.102
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0.102
0.101
0.101
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0.100
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0.100
0.100
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0.100
0.101
0.102
0.104
0.105
0.107
0.109
0.039
0.425
0.084
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log_fdov[1]
log_fdov[1]
log_fdov[1]
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log_fdov[1]
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rec_dev_est
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-0.148
-0.059
-0.089
-1.077
-0.323
1.462
-2.767
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0.884
-1.866
1.219
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0.963
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-0.183
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-0.713
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-1.132
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0.104
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1.995
1.830

-0.408

-0.183

-3.692

-0.556

-1.183

-0.172
0.807

-0.179

-0.124
1.218

-0.225

-0.300
0.967
0.231

-0.131

-0.739

-0.574
0.364

-0.131

-0.730

-1.007

-1.458

-1.020

-0.328

-1.182

-0.398

-0.986

-0.917

-0.778

-0.442

-0.452
0.248

-0.070
0.463

-0.061
0.234
0.580
0.313

-0.463

-0.239
1.304
0.416
0.542

-0.018
0.219

-0.503

0.083
0.084
0.086
0.084
0.082
0.081
0.265
0.334
0.208
0.171
0.234
0.246
0.171
0.271
0.268
0.172
0.195
0.201
0.249
0.244
0.194
0.236
0.248
0.233
0.272
0.231
0.187
0.262
0.209
0.282
0.285
0.286
0.330
0.150
0.420
0.459
0.371
0.163
0.244
0.665
0.287
0.653
0.088
0.604
0.602
0.320
0.142
0.364
0.369
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rec_dev_est
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rec_dev_est
rec_dev_est
rec_dev_est
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rec_dev_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
survey g[1]

log add cv[2]

-0.583
0.327
-0.132
-1.581
-0.481
-1.543
1.377
-0.451
-0.724
-0.511
-0.461
-0.237
-0.306
-0.278
0.327
0.516
0.811
0.122
0.587
0.096
-0.969
0.941
-0.816

0.227
0.178
0.197
0.363
0.209
0.410
0.164
0.356
0.200
0.313
0.358
0.332
0.422
0.321
0.212
0.456
0.307
0.454
0.488
0.448
0.567
0.027
0.276
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287
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290
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logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est
logit_rec_prop_est

-0.444
-0.417

0.046
-0.350
-0.069

0.381
-0.184

0.128
0.422
0.434
0.139
0.239
0.279
0.377
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Table & Summary of estimated model parameter values and standard deviations for2@oal&br
Bristol Bay red king crab.

index name value std.dev index name value std.dev
1 theta[l] 0.228 0.007 47 log slIx pars[2] 2.275 0.043
2 theta[2] 0.135 0.020 48 log_slx_pars[3] 4,548 0.019
3 thetal4] 18.053 0.053 49 log_slx_pars[4] 2.177 0.099
4 theta[5] 16.129 0.162 50 log_slx_pars[5] 5.176 0.070
5 theta[7] 0.684 0.127 51 log_sIx pars[6] 2.857 0.049
6 theta[9] -0.433  0.248 52 log_sIx_pars[7] 4,724 0.239
7 theta[13] 0.907 0.505 53 log_sIx pars[8] 2.168 0.305
8 theta[14] 0.941 0477 54 log_slx_pars[9] 4,701 0.104
9 theta[l5] 1.263 0.352 55 log_sIx pars[10] 0.905 0.302
10 theta[16] 1419 0.288 56 log_sIx pars[11] 4.809 0.023
11 theta]17] 1.336 0.266 57 log_sIx pars[12] 2.345 0.079
12 theta][18] 1.052 0.272 58 log_sIx pars[13] 4.008 0.335
13 theta[19] 0.981 0.258 59 log_sIx_pars[14] 3.375 0.502
14 theta[20] 1.199 0.221 60 log_ sIx pars[15] 4.480 0.033
15 theta21] 1.156 0.216 61 log_sIx_pars[16] 2.565 0.105
16 theta[22] 0.944 0.224 62 log_sIx_pars[17] 4,924 0.002
17 theta]23] 0.863 0.217 63 log_sIx_pars[18] 0.673 0.070
18 thetal24] 0.687 0.222 64 log_sIx_pars[19] 4,933 0.002
19 theta[25] 0.344  0.227 65 log_sIx_pars[20] 0.737 0.097
20 theta[26] -0.102  0.196 66 log_fbar[1] -1.678 0.049
21 theta[27] -0.582 0.198 67 log_fbar[2] -4.707 0.082
22 theta[28] -1.236  0.221 68 log_fbar[3] -6.067 0.344
23 theta[29] -1.812 0.252 69 log_fbar[4] -6.553 0.078
24 theta[30] -2.483  0.275 70 log_fdev[1] 1.080 0.123
25 theta[31] -2.110  0.352 71 log_fdev[1] 1.291 0.083
26 theta[52] -0.079 0.608 72 log_fdev[1] 0.873 0.066
27 theta[53] 0.446 0.691 73 log_fdev[1] 0.003 0.054
28 theta[54] 0.990 0.566 74 log_fdev[1] 0.148 0.048
29 theta[55] 1.213 0.431 75 log_fdev[1] 0.802 0.038
30 theta[56] 1.350 0.336 76 log_fdev[1] 0.806 0.040
31 theta[57] 1.152 0.314 77 log_fdev[1] 0.291 0.044
32 theta[58] 0.910 0.309 78 log_fdev[1] 0.949 0.048
33 theta[59] 0.434 0.342 79 log_fdev[1] -4.216 0.046
34 theta[60] -0.326  0.387 80 log_fdev[1] -4.617 0.040
35 theta[61] -0.798 0.380 81 log_fdev[1] -0.131 0.039
36 theta[62] -1.534 0.372 82 log fdev[1] -0.068 0.039
37 theta[63] -1.635 0.368 83 log fdev[1] 0.853 0.041
38 theta[64] -1.560 0.365 84 log_fdev[1] 0.469 0.041
39 theta[65] -1.802 0.356 85 log_fdev[1] -0.124 0.039
40 theta[66] -1.957 0.346 86 log_fdev[1] -0.189 0.039
41 theta[67] -1.928 0.336 87 log_fdev[1] -0.067 0.038
42 Grwth[21] 0.888 0.192 88 log_fdev[1] 0.391 0.037
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log_fdev[1]
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log_fdev[1]
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log fdev[l]
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log fdev[2]
log fdev[2]
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log fdev[2]
log fdev[2]
log fdev[2]
log fdev[2]
log fdev[2]
log fdev[2]
log fdev[2]
log_fdev[2]
log_fdev[2]
log_fdev|[2]
log_fdev|[2]
log_fdev[2]
log_fdev|[2]
log_fdev|[2]

1.460

141.050

0.068
4.779
0.918
0.720
0.575
-0.063
-0.129
0.071
0.403
0.472
0.475
0.398
0.229
0.189
-0.241
-4.689
2414
1.369
0.951
1.771
0.367
0.825
1.241
1.079
1.542
-0.215
-0.494
-0.422
-0.878
0.416
0.126
-0.638
0.138
-0.153
-0.249
-0.019
-0.297
-0.129
-0.058
-0.091
-0.452
-0.606
-1.065
-1.577
-0.852
-1.409
-1.023

0.138
0.637
0.003
0.009
0.038
0.039
0.038
0.037
0.036
0.036
0.037
0.039
0.043
0.050
0.059
0.067
0.071
0.071
0.116
0.114
0.110
0.105
0.104
0.103
0.104
0.104
0.107
0.104
0.103
0.103
0.103
0.103
0.103
0.102
0.102
0.102
0.102
0.102
0.102
0.101
0.102
0.102
0.102
0.102
0.102
0.102
0.102
0.102
0.103
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log fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log_fdev[3]
log fdev[3]
log_fdev[4
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log_fdev[4
log_fdev[4
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log_fdev[4]
log_fdev[4]
log_fdev[4]
log_fdev[4]
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log_foff[1]

log_foff[3]

log_fdov[1]

e . . . . L

0.348
0.641
0.387
0.749
-0.990
-0.727
0.116
1.312
1.790
3.619
1.661
0.932
-0.394
-1.751
-2.609
-2.043
-3.136
-0.470
0.256
1.443
0.556
-0.094
-0.314
0.592
-1.836
0.126
-0.128
-0.965
-0.789
-0.516
-0.565
-0.018
-0.720
-1.724
-2.565
-1.082
-0.517
0.631
1.485
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0.350
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2.238
1.046
0.844
0.828
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0.066
0.066
0.066
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Table 7. Natural mortality estimates tbreemodel scenarioduring different year blocks

19751979,
Model Sex 19852022 19801984 19852022
21.1b Males 0.180 0.836
Females 0.238 1174
22.0 Males 0.180
Females 0.232
22.0a Males 0.228
Females 0.261

Table 8. Areaswept estimatesf mature female abundangmillion crab)and model estimasef effective
spawning biomas@ESB, Zheng et al. 1995b) (1000during 2011-2022 for groundfish fisheries bycatch
(PSC)calculation(*mature female abundance in 2020 is the model projected vhloi) thatSC limits
apply to previousyear ESB.

Mature female  Effective spawning

Year abundance biomass
2011 28.520 19.541
2012 21.121 20.029
2013 15.694 22.382
2014 38.580 23.272
2015 18.666 21.098
2016 22.633 19.147
2017 18.497 18.042
2018 9.106 15.093
2019 8.587 12.705
2020 9.668* 11.394
2021 6.432 9.463
2022 8.004 8.894
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Table9a Annual abundance estimates (million crab), mature male biomass (V@B ), and total survey
biomass (1000 for red king crab in Bristol Bay estimated by lenptsednodel21.1bduring1975-2022.
MMB for yeartis on Feb. 15, yed#1. Size measuremenare mntarapace length

Males Females Total Total Survey Biomass
Year ()  Mature Legal MMB spmmp  Mature Rezriits Model Est.  AreaSwept
(>119 mm) (>134mm) (>119 mm) (>89 mm) (>64 mm)  (>64 mm)
1975 55.540 28.226 83.213 0.050 54.794 NA 235.861 199.643
1976 65.221 35.521 99.070 3.381 83.134 63.885 275.709 327.615
1977 72.440 41.304 113.031 3.817 110.373 41.197 297.013 371.223
1978 77.709 46.495 119.799 3.719 114.468 64.349 300.165 343.189
1979 68.280 47.420 99.943 3.121 109.505 115.470 288.724 165.449
1980 50.101 37.749 30.332 1572 111.469 150.262 273.367 247.226
1981 14.471 8.026 6.551 1.017 48.863 67.936 109.145 131.145
1982 6.784 2.164 6.563 0.850 21.395 241.558 65.174 141.898
1983 6.175 2171 7.407 0.590 14.199 93.067 57.646 48.476
1984 6.151 2.291 5.230 0.351 13.980 64.266 50.624 152.607
1985 7.558 1.884 9.676 0.376 9.730 10.204 34.842 34.138
1986 12.174 4.646 15.064 0.558 13.636 30.361 45.545 47.434
1987 14.360 6.686 20.405 0.701 17.029 9.473 51.326 69.245
1988 14.454 8.458 25.123 0.724 21.453 6.184 54.700 54.597
1989 15.546 9.750 27.979 0.701 20.233 8.033 57.355 55.136
1990 15.014 10.437 24.139 0.724 18.058 20.848 57.416 59.451
1991 11.547 8.652 18.449 0.760 17.435 13.111 52.333 83.892
1992 9.280 6.463 17.241 0.750 18.579 3.023 47.662 37.334
1993 10.499 6.160 15.852 0.826 17.269 9.070 47.203 52.906
1994 10.350 6.016 21.696 0.806 14.681 2.910 42.628 32.104
1995 10.862 7.892 24.839 0.730 13.574 59.439 48.696 38.068
1996 11.145 8.548 23.323 0.698 19.693 8.630 58.051 43.959
1997 10.587 7.787 22.063 0.688 28.739 4.446 64.180 84.030
1998 15.903 7.751 24.944 0.811 25.234 12.405 68.062 84.101
1999 16.967 9.732 28.678 0.875 21.317 33.581 66.662 64.754
2000 14.654 10.648 28.897 0.869 22.735 12.468 68.283 67.381
2001 14.471 10.216 29.284 0.838 25.762 12.893 71.897 52.455
2002 17.318 10.409 33.344 0.802 25.010 51.478 76.960 69.086
2003 18.144 12.050 32.898 0.816 30.661 11.755 83.108 115.760
2004 16.357 11.629 30.409 0.817 37.823 10.951 84.595 130.556
2005 18.229 10.845 30.944 0.821 35.026 39.536 85.554 105.727
2006 17.344 11.425 31.316 0.808 35.327 18.930 85.403 94.477
2007 15.638 11.175 26.310 0.828 39.205 12.793 86.951 103.327
2008 16.023 9.509 24.990 0.876 36.751 7.149 83.339 113.082
2009 15.870 9.465 25.857 0.906 32.183 8.156 77.330 90.547
2010 14.749 9.692 25.141 0.887 28.167 21.789 72.264 80.501
2011 12.486 9.152 24.850 0.822 27.729 12.611 67.802 66.408
2012 11.131 8.608 23.277 0.758 29.488 7.303 66.173 60.697
2013 11.042 7.865 22.213 0.704 27.879 5.315 63.453 62.217
2014 10.759 7.568 20.208 0.674 24.647 3.324 58.710 113.135
2015 9.238 6.891 17.223 0.664 21.092 5.278 51.909 64.175
2016 7.483 5.797 14.188 0.668 17.965 10.332 45.238 60.958
2017 5.936 4.699 11.595 0.673 16.325 4.358 40.299 52.935
2018 5.173 3.797 10.342 0.679 14.911 9.732 37.304 28.805
2019 5.919 3.519 11.240 0.742 13.124 5.294 36.024 28.539
2020 6.489 4.032 12.859 0.804 12.066 5.793
2021 7.671 4.652 16.637 0.830 10.982 6.606 36.141 28.476
2022 8.658 5.963 16.953 1.180 10.201 9.006 38.016 36.198
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Table 9b. Annual abundance estimates (million crab), mature male biomass (NIMB, ), and total
surveybiomass (1000 fpr red king crab in Bristol Bay estimated by lengtsednodel22.0during1975-
2022. MMB for yeart is on Feb. 15, yeadt1. Size measurements are roanapace length

Males Females Total Total Survey Biomass
Year ()  Mature Legal MMB spmmp  Mature Rezriits Model Est.  AreaSwept
(>119 mm) (>134mm) (>119 mm) (>89 mm) (>64 mm)  (>64 mm)
1985 8.557 2.350 11.651 0.007 8.440 NA 34.983 34.138
1986 12.986 5.351 17.143 0.505 11.908 31.070 44.854 47.434
1987 14.402 7.309 21.340 0.677 15.698 9.169 50.338 69.245
1988 14.418 8.689 25.552 0.704 20.545 6.011 53.589 54.597
1989 15.533 9.777 28.169 0.696 19.574 8.255 56.086 55.136
1990 15.089 10.459 24.356 0.739 17.604 20.523 56.080 59.451
1991 11.608 8.711 18.620 0.785 17.115 12.964 51.198 83.892
1992 9.366 6.515 17.426 0.776 18.263 3.043 46.836 37.334
1993 10.616 6.219 16.093 0.855 17.056 9.144 46.525 52.906
1994 10.513 6.101 22.010 0.830 14.609 3.161 42.186 32.104
1995 10.986 8.007 25.120 0.748 13.638 58.618 47.973 38.068
1996 11.305 8.643 23.651 0.719 19.628 8.485 57.278 43.959
1997 10.662 7.906 22.290 0.708 28.458 4.532 63.631 84.030
1998 16.156 7.799 25.401 0.838 25.175 12.459 67.618 84.101
1999 17.270 9.916 29.280 0.907 21.402 33.141 66.212 64.754
2000 14.880 10.863 29.431 0.900 22.783 12.372 67.855 67.381
2001 14.670 10.391 29.770 0.867 25.786 13.073 71.515 52.455
2002 17.558 10.556 33.871 0.830 25.156 49.985 76.328 69.086
2003 18.387 12.227 33.442 0.845 30.609 11.816 82.352 115.760
2004 16.544 11.810 30.880 0.846 37.556 10.964 83.936 130.556
2005 18.450 10.978 31.431 0.854 35.019 38.925 84.824 105.727
2006 17.553 11.590 31.797 0.842 35.322 18.643 84.702 94.477
2007 15.802 11.330 26.723 0.864 39.147 12.975 86.364 103.327
2008 16.242 9.630 25.461 0.918 36.866 7.063 83.001 113.082
2009 16.095 9.624 26.353 0.951 32.483 8.334 77.219 90.547
2010 14.996 9.858 25.679 0.933 28.616 21.279 72.204 80.501
2011 12.713 9.340 25.376 0.865 28.161 12.983 67.831 66.408
2012 11.310 8.780 23.735 0.798 29.908 7.126 66.312 60.697
2013 11.238 8.006 22.677 0.742 28.489 5.404 63.718 62.217
2014 10.954 7.718 20.672 0.713 25.260 3.443 59.092 113.135
2015 9.414 7.039 17.660 0.705 21.759 5.334 52.412 64.175
2016 7.648 5.935 14.603 0.710 18.643 10.655 45.840 60.958
2017 6.089 4.830 11.990 0.715 17.006 4.536 41.040 52.935
2018 5.319 3.918 10.721 0.719 15.634 9.940 38.162 28.805
2019 6.122 3.635 11.695 0.781 13.838 5.520 36.977 28.539
2020 6.713 4.187 13.370 0.840 12.782 5.916
2021 7.939 4.820 17.230 0.862 11.737 6.793 37.146 28.476
2022 8.922 6.167 17.158 1.204 10.992 9.513 38.940 36.198
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Table9c. Annual abundance estimates (million crab), mature male biomass (MMB), and total survey
biomass (1000 fpr red king crab in Bristol Bay estimated by lengisedmodel22.0a during1975-2022.
MMB for yeart is on Feb. 15, yed#1. Size measurements are roanapace length

Males Females Total Total Survey Biomass
Year ()  Mature Legal MMB spmmp  Mature Rezriits Model Est.  AreaSwept
(>119 mm) (>134mm) (>119 mm) (>89 mm) (>64 mm)  (>64 mm)
1985 8.837 2.375 11.771 0.007 10.572 NA 34.058 34.138
1986 13.669 5.465 17.699 0.527 14.890 42.936 44.651 47.434
1987 15.464 7.611 22.496 0.717 19.678 13.167 50.907 69.245
1988 15.613 9.197 27.056 0.749 25.738 8.523 54.866 54.597
1989 16.905 10.330 29.968 0.755 24.215 11.387 57.743 55.136
1990 16.338 11.099 26.071 0.821 21.462 27.952 57.729 59.451
1991 12.521 9.272 19.972 0.870 20.935 18.883 52.802 83.892
1992 10.235 6.932 18.686 0.858 22.567 4.469 48.624 37.334
1993 11.773 6.649 17.712 0.958 21.033 12.766 48.605 52.906
1994 11.889 6.737 24.062 0.954 17.867 4.077 44,562 32.104
1995 12.148 8.741 26.941 0.871 16.446 79.363 50.163 38.068
1996 12.243 9.191 25.037 0.820 24.647 13.010 58.696 43.959
1997 11.440 8.283 23.274 0.786 35.915 6.420 65.015 84.030
1998 17.674 8.133 27.168 0.948 31.183 17.044 69.465 84.101
1999 18.935 10.690 31.490 1.034 26.102 45.925 68.566 64.754
2000 16.129 11.684 31.266 1.012 28.030 17.680 70.155 67.381
2001 15.878 10.945 31.406 0.978 31.953 17.060 73.747 52.455
2002 19.212 11.096 35.944 0.977 30.762 69.824 78.686 69.086
2003 19.968 12.999 35.497 0.997 38.074 16.776 84.520 115.760
2004 17.833 12.511 32.579 0.986 47.217 15.214 86.324 130.556
2005 20.144 11.557 33.583 1.031 43.367 51.883 87.429 105.727
2006 19.081 12.405 33.875 1.029 43.515 27.054 87.195 94.477
2007 17.021 12.023 28.418 1.029 48.035 18.089 88.725 103.327
2008 17.708 10.193 27.435 1.107 44.885 10.079 85.576 113.082
2009 17.732 10.371 28.684 1.172 38.807 11.759 80.075 90.547
2010 16.634 10.721 28.194 1.174 33.698 28.137 74.998 80.501
2011 14.082 10.203 27.633 1.103 33.038 18.150 70.140 66.408
2012 12.392 9.463 25.515 1.013 34.946 9.825 67.981 60.697
2013 12.312 8.516 24.274 0.952 33.078 7.208 64.879 62.217
2014 11.975 8.223 22.134 0.903 28.918 4.484 59.788 113.135
2015 10.200 7.512 18.804 0.845 24.450 6.930 52.626 64.175
2016 8.174 6.276 15.345 0.792 20.625 13.442 45.504 60.958
2017 6.380 5.022 12.314 0.741 18.657 5.932 40.089 52.935
2018 5.500 3.975 10.766 0.711 16.967 12.628 36.765 28.805
2019 6.325 3.631 11.645 0.755 14.864 6.919 35.247 28.539
2020 6.883 4,181 13.195 0.794 13.645 7.788
2021 8.101 4.774 16.927 0.804 12.461 8.740 34.992 28.476
2022 8.912 6.060 15.714 1.051 11.688 12.138 36.458 36.198
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Figures
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Figure 1. Current harvest rate strategy (line) for the Bristol Bay red king crab fishetyea
associate@nnual prohibited species catch (PSC) limits (numbers of crab) of Bristol Be
king crab in the groundfish fisheries in zone 1 ia #astern Bering Sea. Harvest rates
based on currentear estimates of effective spawning biomass (E8t&ng et al. 1995b

whereas PSC limits apply to previeysar EbslB'
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Figure 2. Dataypes and ranges used for the stock assessment.
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Figure23a. Comparison of observer and model estimated discarded length frequencies of Bristol Bay male red king crab by year in the
groundfish trawl fisherieandermodels21.1b, 22.0and 22.0a
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Figure23b. Comparison of observer and model estimated discastefdH frequencies of Bristol Bay female red king crab by year in
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Figure 24€. Comparison of observer and model estimated discarded length frequencies of Brisesh&8ayred king crab by year in
the groundfistixed gear fisheries undenodels21.1b, 22.0and 22.0a
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Gear = Pot , Sex = Male , Season = 5
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Figure 24. Comparison of observer and model estimated discarded length frequencies of Bristol
Bay red king crab by year in tH@nner crallishery undermodels21.1b, 22.0and 22.0a Length
composition data during 1992D09werenot usedefore 2021
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Figure 2% Residuals of proportions diMFS survey male red king crab by year and carapace
length (mm) undemodel21.1h Green circles are positive residuals, and red circles are negative
residuals.
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Figure 2%. Residuals of proportions of NMFS survey male red king crab by year and carapace
length (mm) under mod&2.0. Green circles are positive residuals, and red circles are negative
residuals.
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Figure 2%. Residuals of proportions of NMFS survey male redjlérab by year and carapace
length (mm) under model 2220Green circles are positive residuals, and red circles are negative
residuals.
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Figure Ba. Residuals of proportions dMFS survey female red king crab by year and carapace
length (mm) undemodel21.1h Green circles are positive residuals, and red circles are negative
residuals.
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Figure 2®. Residuals of proportions of NMFS survey female red king crab by year and carapace
length (mm) under mod&2.0. Green circles are positive residuals, aadl circles are negative
residuals.
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Model 22.0a, Survey Females

Residual © 1 @ 2 @ 3 @ 4 @ 5| |cIr = <0 - >0

m..-OO.O.OOO.‘O...O.--O.n..o.’o o0
140
..“..-.-O..Ooo..o.o-ooOOoo.o.OOoO e o
“‘OOOOOOOQOOOOOoo-OOOOoC‘DOO-Oo(\‘O-O @
...O.O...-OOQOOOO.O.Oc-OO-OOOO.OOO.O © e
..'-O-OOOOOOOOooooooooovOOCOOOOCOOO < e
120 A
'.-0.0.-O....voo..0.00aooOoo.o.OO.o )
0000 - 9000 c 0@ c-0co@e@c- - -000:°0000:°° @o
< 00000 - 000 Q0000000000 c0°-0Q000- 000 -0
o))
o
| 0o 0@ce@c c0o@:-000-°2°-0000°-0°:-°0000000 @ -0
100 A
0000 -000Qece @ -00°0000c0 -00 - c@0QPo0@ce000O® OO
o000 0@ - - 0000 - 000 c0c0@0ce@0c0e00 cQooo@ - - o .o
©-00000¢ ¢ - --00Qec  -@Qo00@co@o - Qe - P00 Qo
@O - Pee - 9QO0O®c200 - c0 - 0000 e@O®o0 -0c@c00 -0
80 -
- 0 @°c°00Q000c@000000cc -0000-0°Q@00@® - o
00 @@ -¢c-000:-00°00000-000Qcc0e@co@c - oo
00000 :@-@-0c00e - 00000 Q00 -00@c 00 o

1990 2000 2010 2020
Year

Figure 2@. Residuals of proportions of NMFS survey female red king crab by year and carapace
length (mm) under model 2220Green circles are positive residuals, and red circles are negative
residuals.
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Figure Za. Comparison ohindcastestimates of mature male biomassFeb. 15 of Bristol Bay red
king crab from 195to 21 made with terminal years 282022 with model21.1h These are results
of the 2@2 model Legend shows thierminalyear.
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Figure 2D. Comparison of hindcast estimates of mature male biomass on Feb. 15 of Bristol Bay red
king crab from 1975 to 2@2nade with terminal years 28-2022 with model 22.0. These are results
of the 202 model. Legend shows the terminal year.

112



