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Executive Summary

1. Stock
Golden king crablithodes aequispinudleutian Islands, east of 174° W longitude
(Eastern Aleutian Island£AG) and west of 174° W longitudéMestern Aleutian
Islands;WAG).

2. Catch
The Aleutian Islands golden king cralAIGKC) commercial fishery has been
prosecutecevery yearsince 1981/82. &ained catclpeaked in 1986/87 at 2,686 t
(5,922,425 Ib) and 3,999 t (8,816,319 Ib), respectively,HaG and WAG, but the
retained catch dropped sharply from 1989/90 to 1990484 fishery has been managed
separately eastEAG) and west (VAG) of 174° W longitude since 1996/97and
Guideline Harvest Levels (GHLs) of 1,452 t (3,200,000 Ib) E&G and 1,225 t
(2,700,000 Ib) for WAG were introduced into management. The GHL was
subsequently reduced to 1,361 t (3,000,00(kginning in 1998/99 foEAG. The
reducedharvest levelsremained at 1,361 t (3,000,000 Ib) fBAG and 1,225t
(2,700,000 Ib) foiVAG through2007/08but were increased to 1,429 t (3,150,000 Ib)
for EAG and 1,294 t (2,835,000 Ib) faVAG beginning withthe 2008/09 fishing
season fdbwing an Alaska Board of Fisheries (BOF) decisidihe management
specificationchanged from GHL td otal Allowable Catcl{TAC) with adoption otthe
CrabRationalizationProgramin 2005/06(NPFMC 2007b)The TACs were increased
by another BOF decision th501 t (3,310,000 Ib) fdEAG and 1,352 t (2,980,000 Ib)
for WAG beginning with the 2012/13 fishing seasofhe below par fishery
performance IWAG in 2014/15 and 2015/1kad to reduction in TAC to 1,014 t
(2,235,000 Ib), which reflected a 25% reductinrthe TAC for'WAG, while the TAC
for EAG was kept at the same leyé&l501t (3,310,000 Ib) for the 2@117 through
2017/18fishing seasonsNith the mprovedfishery perbrmanceand stock status
2017/18 the TACs were further increased to 1,134 t (2,500,000 Ib)fdG and 1,749
t (3,856,0001lb) for EAG beginning with the 2018/19 fishing seasdofith the
implementation ofa revised statédarvest strategy in 201%he TACs were further
increased to 802t (2,870,000 Ib) forWAG and 1955t (4,310,0001b) for EAG. Based
on the model estimated abundances, th@/282ishing season TACs were adjusted to
785t (1,730,000 I for WAG and1,506t (3,320,000 Ib) forEAG at the time of this
assessment
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Retained catch haseenregularlyunderthe GHL/TAC but close toallowablelevels
since 1996/97TheseTAC levels wee set below theAllowable Biological Catch
(ABC) levelsdetermined under Tier 5 criteria (considering T9%®0O5 mean catch for
the whole Aleutian Islands region, 3,14%1933,822 |, as thecatchlimit) under the
most recent crab management plAmew harvest strategy based on model estimated
mature male almdance was accepted by the BOF in March 26@8¢ifying al5%
maximum harvest rate foEAG and 20% maximum harvest rate fafAG, and
implementedduring the 2019/20 fisheryin addition to the retained catch allotted as
TAC, there was retained catch ircastrecovery fishery towards a $300,000 goal in
2013/14 and 2014/1%® fund an onboard observer prograend towards a $500,000
goalbetweer2015/16i 2022/23 to fund an onboard observer program andperative
stock survey.

Total mortality of AeutianIslandsgolden king crab includes retained catch in the
directedand the cost recovefisheries discards in the directed fisherjesd bycatch

in fixed-gear and trawl groundfish fisheries, though bycatch in other fisheries is low
compared to mortality in the directed fishefotal retained catch in the pest
rationalized fishery (2005/0@022/23) has ranged fror,296t (5,0608061b) to 3,319

t (7,316,8531b). Total mortality ranged fron2,506 t 6,525,000 Ib)to 3,729 t
(8,222,0001b) for the same periodTotal retained catch in 2@/23 was 2,369 t
(5,759,0391b): 1,585t (3,494,050Ib) from the EAG fishery (which includedcost
recovery catch) and 784t (1,729215 Ib) from the WAG fishery. Discarded (non
retained) catch occurs mainly during the directed fishery. Although low levels of
discarded catch can occur during other crab fisheries, there have been no such fisheries
prosecutedocally since 2004/05, except as surveys for red king crab conducted under
an Alaska Department of Fish and Game (ADF&Q) @ mi s s iPermitdandne
golden king cralwerecaught during the coopative red king crab survgyerformed

by industry and ADF&G in the Adak area in September 261iSingeret al. 2016).
Estimates of the bycatch mortality during crab fisheries decreased during 1995/96
2005/06, both in absolute value and relative to ttemred catchweightandstabilized
during 2005/062014/15.Total estimated bycatch mortality during crab fisheries in
2022/23 was125t (276,263Ib) for EAG and112t (246151 1b) for WAG. Discarded
catch also occurs during fixegbar and trawl groundfisisheries buis small relative

to the directed fisheryGroundfish fisheriesvere a minor contributor to total fishery
discardmortality, 5t (10,351lb) for EAG and1t (3,007Ib) for WAG in 2022/23.

Catch pewnit effort (CPUE i.e., catch per pot liftof retained legal males decreased
from the 1980s into the miti990s but increased after 1994/9particularlywith the
initiation of the Crab RationalizatidProgram in 2005/06. Although CPUE for the two
areas showed similar trends through 2010/11, during 2014012/15 CPUE trends
diverged (increasintpr EAG and decreasinfpr WAG).

A cooperative golden king cradurveyhas been conductday the Aleutian Islands
King Crab Foundation (an industry group) and ADF&Ging vessels thatare

commerciafishing (i.e., each vessdishing anallottedshareof total allowable catch)
in EAG (beginning in 20%) andWAG (beginningin 2018) The ®operative survey
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was not conducted 2020 (2020/21fishery)due toCOVID-19 butresunedsince2021
(2021/22fishery) Bycatch mortalityduring thesurveyis accounted fobby expanding
reported discardfor thes e a semtiredishery, including fishing activities conducted
as part of the survey

3. Stock biomass
Estimated mature male biomass (MMB) toAG under all scenarios decreased from
the 18B0sto the 1990sthen increased during the 2000s agdtematicallyincreased
from 2016 to 2020 and slightly decreased since 2@®dtimated MMB forWAG
decreased during the late 1980s and 1990s, increased during thed2@d@ased for
several yearsince 2A1 The lowlevels of MMB for EAG were observed in 1995
1997 and in 1990s folVAG. Stock trends reflected the fishery standardized CPUE
trends in both regions.

4. Recruitment
Recruits to the model size groups under all scenarios have fluctuated iBA®Gt#Nd
WAG. ForEAG, model recruitment was higluring 20141 2019 highest in 207; and
lowest in 198. The model recruitment fMAG was highduring1983 to 1986 highest
in 1985 and lowest i2010. A slightly increasingirend in recruitment was observed
during2021i 2022 in EAG and i2022 in WAG.

5. Management performance
King and Tanner crab stocks in the Bering Sea and Aleutian Islandeaperatively
managed by the State of Alaska through a federal kingTamsher crab fishery
management plan (FMP). Under the FMP, management measures are divided into three
categories: (1) fixed in the FMP, (2) frame worked in the FMP, and (3) discretion of
the State of Alaska. The State of Alaska is responsible for detegw@inthestablishing
the GHL/TAC under thananagement measufieme worked in the FMP.Aleutian
Islands golden king crab stocks are managed uhdeFMP measure.

The sizebased assessmentodel was accepted at the September 2016 CPT and
October 2016 SSC meetings for OFL determination for the 2017/18 fishery cycle. In
addition, the CPT in January 2017 and SSC in February 2017 recommended using the
Tier 3 method to compute OFL and ABThe asessment model was first used for
setting OFL and ABC for the 2017/18 fishing seaddre CPT in May 2017 and SSC

in June 2017 acceptdbe author® recommendation of using scenario 9 (i.e., model
usingtheknife-edge maturitysize of 111 mm carapace lengthdetermine MMB) for

OFL and ABC calculatiorDuring the May 2017 meeting, the CPT noted that a single
OFL and ABCare defined forAleutian Islams golden king crabAJIGKC), however
separate models are available by akence, following previous assessme@&Ls

and ABCsby area were summedo determineOFL and ABCfor the entire stock.

In this assessmergimple sum of the areaspecific OFLs and ABG was used to
calculateareawide OFL and ABCalthoughon an areapecific basis, th& AG stock
was found to be in Tier 3a while thiéAG stockwas in Tier 3bThis simple summation
was done becausauthors recommendedmodel 22.1e2 was area specifand
implementedn GMACS for OFL and ABC calculation
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All models for EAG and WAGwere updated with th@reviousseasod dishery
information[i.e., 2022/23 ongoingfishelies(at the time of this assessmentlgtMarch
2023)in EAG andWAG]. For OFL and AB(presentatiofior CPTreview, the2022/23
MSST, MMB, OFL, and ABC were determined whéoth fisheies were not
concluded[above90% of TAC taken (as of the7ZLMarch 203 reported summajy.
Following the CPT/SSC suggestion, tBAG and WAGassessmestn May 2023
considered a hypothetical completed fishery retained and totaksatutian average
of the last threeyears @roundfish bycatchremovals The EAG andWAG retained
catcleswereset torespectiveTACs (TAC in Ib was converted to number of crab by
dividing by the average retainetabweight in the 202/23 fishery). The total catcbs
wereestimated based on the predictetl effort (by dividing the TAC by the current
CPUB and he current nominal total CPUKIodel 22.1€2 was recommendeir the
EAG and WAGOFL and ABC calculatiorMaturity size analysi€Siddeek et al., 2021)
providel astrong justification to increase tpeeviously useanaturity size by one size
bin. Model 22.1e2 consideed a fixed period, 19872017, for the mean number of
recruit calculation for reference pointsstimation standardization obbserver and
fishery CPUE by the negativieinomial generalized lineamode| the knife-edge
maturity size of 116 mm carapace length (Gb) mature male biomass (MMB)
estimation andthreecatchabilityperiodsfor fitting threesets ofCPUEIndices

Following January/February 2@2CPT and SSC suggestiorsgveral modelsvere
presentedor evaluationModel 22.1e2was the base model (accepted model in2202
with threecatchability periods, knifedge male maturitgizeat 136 mm CL, M of 0.2
yr-1, selection of a fixed period, 1982017, for mean number of recruit calculation for
reference points estimation, and addition of weta for2022/23. Models22.1f, 22.1g
and 21.h were modifications from the base modall models were implemented in
GMACS. The GMACS inpuparameter values were estimated lydel 22.9c, which
was the modification of model 22.1e2 for GMACS implementatidodel 22.1f was
thesame asnodel22.1€2 but CPUE standardizatiomas done considering Year:Area
interaction Models 22.1g and 2.1h were modifications from 22.1e2 and 22.1f,
respectively, that includetboperative survey indices.

Status and catch specifications (1000 t) of Aleutian Islands golden king crab
Biomass Retained Total
vear ysst (MmB) AC  Catch  cCatche OF-  ABCT
2019/20 5.915 16.386 3.257 3.319 3.729 5.249 3.937
2020/21 6.014 15.442 2999 3.000 3.519 4.798 3.599
2021/22 5.715 13,581 2.690 2.699 3.060 4.817 3.372
2022/23 5.832 13.600 2.291 2.369 2.612 3.76Fr 2.82F

2023/24 12.069 4.182 3.137
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Status and catch specifications (million Ib) of Aleutian Islands golden king crab
Biomass Retained Total
mMssT (MmB) 'AC Carch carche ©OF-  ABCT
2019/20 13.041 36.124 7.180 7.317 822 11572 8.679
2020/21 13.259 34.043 6.610 6.614 7.758 10.579 7.934
2021/22 12.598 29.940 5.930 5951 6.746 10.620 7.434
2022/23 12.857 29.984 5.050 5.223 5758 8.29F 6.219
2023/24 26.607 9.220" 6.916
*Incomplete fishery

Year

a. Total catch was sum of retained catch and estimated bywaicthlity of
discarded bycatch during crab fisheries and groundfish fisheries.

b. 25% buffer was applied to total catch OFL to determine ABC except
2021/22, during which 30% buffer was applied.

c. OFL, and ABC were estimated by the accepted model 21.1e2 in May 2022
assessment when tii¢AG fisheries was not completed.

d. MSST, MMB, OFL, and ABC were estimated aythorsrecommended
model 22.1e2 in May 2023 assessment wher:th@ and\WAG fisheries
were not completed.

6. Basis for the OFL
The lengthbased model developed for the Tier 3 analysis estimatddre male
biomass MMMB) on February 15 each year for the periodédéhrough 2@2. The
terminal year mature male biomass was projected by an additional year to determine
OFL and ABC for the 20&24 season. The Tier 3 approach uses a constant annual
natural mortality 1), a knife-edge maturitysize anda mean number of recruits for
a selectegeriod for OFL and ABC calculatioAn M of 0.2 yr! wasused (Siddeek
et al.2022).

Stock status,OFL, and ABC estimatedbased onincompletefisheries dataare
providedfor five models22.9c, 22.1e2, 22.1f, 22.1g, and 22fahEAG andthree
models 22.9c, 22.1e2, and 22.1f WAG in the following four tablesAll models
accept 22.9c were implementedGMACS. Model 22.9¢c was run outside GMACS
as the status quo model for comparison efilts. The stock statuses of all models
were above MMRBsy (Tier 3a)for EAG, but below MMBgsy, (Tier 3b)for WAG in
2022/23.
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EAG (Tier 3):
Basis forthe OFL from thecompleted fisherglata Biomass, total OFL, and ABC for the next fishing season in 1000rtent MMB = MMB on 15 Feb. 2@R
Natural
Current MMB/ Recruitment Years Mortality ABC
Model Tier  MMBasy MMB MMBzsw  Fore  to DefineMMBasy,  Faso OFL (0.75*OFL)
EAG22.9c 3a 6.66545 7.48711 1.12 0.59 1987 2017 0.59 0.22 2.951716 2.213787
EAG22.1e2 3a 6.68206 7.49393 1.12 0.59 1987 2017 0.59 0.22 2.939008 2.204256
EAG22.1f 3a 6.69082 7.48936 1.12 0.58 1987 2017 0.58 0.22 2.898605 2.173954
EAG22.1g 3a 6.61224 6.78185 1.03 0.58 1987 2017 0.58 0.22 2.519652 1.889739
EAG22.1h 3a 6.63743 6.71808 1.01 0.58 1987 2017 0.58 0.22 2.484526 1.863395

Basis forthe OFL from thecompleted fisherylata Biomass, total OFL, and ABC for the next fishing season in millions of pounds. Current MMB = MMB on 15
Feb. 202.

Current MMB/ Recruitment Years Natural  OFL ABC

Model Tier  MMBas MMB MMBssys  For.  to defineMMBasy,  Faso Mortality (0.75*OFL)
EAG22.9c 3a 14.69480 16.50625 1.12 0.59 19872017 0.59 0.22 6.507 4.881
EAG22.1e2 3a 14.73142 16.52129 1.12 0.59 1987 2017 0.59 0.22 6.479 4.860
EAG22.1f 3a 14.75073 16.51121 1.12 0.58 1987 2017 0.58 0.22 6.390 4.793
EAG22.1g 3a 14.57749 14.95142 1.03 0.58 1987 2017 0.58 0.22 5.555 4.166
EAG22.1h 3a 14.63303 14.81083 1.01 0.58 19872017 0.58 0.22 5.477 4.108
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WAG (Tier 3):
Basis forthe OFL from thecompleted fisherglata Biomass, total OFL and ABC for the ndighing season in 1000@urrent MMB = MMB on 15 Feb. 2@R
Current  MMB/ Recruitment Years Natural OFL ABC
Model Tier MMBaso MMB MMBss, ForL to DefineMMBasy,  Fasse  Mortality (0.75*OFL)
WAG22.9¢ 3b 495983 4.53168 0.914  0.4972 1987 2017 0.55 0.22 1.232116 0.924087
WAG22.1e2 3b 498184 4.57482 0.918  0.4957 1987 2017 0.55 0.22 1.243453 0.932590
WAG22.1f 3b 4.98048 4.44438 0.892 0.4732 1987 2017 0.54 0.22 1.130834 0.848125

Basis forthe OFL from thecompleted fisherylata Biomass, total OFLand ABC for the next fishing season in millions of pounds. Current MMB = MMB on 15
Feb. 202.

Recruitment Natural ABC
Current MMB/ Years to Define Mortality OFL (0.75*OFL)
Model Tier MMB3sos MMB MMB3so, ForL MMB3sos, F3506
WAG22.9¢ 3a 10.93455 9.99064 0.914 0.4972 19872017 0.55 0.22 2.716 2.037
WAG?22.1e2 3b 10.98308 10.08575 0.918 0.4957 1987 2017 0.55 0.22 2.741 2.056
WAG22.1f 3a 10.98008 9.79818 0.892 0.4732 1987 2017 0.54 0.22 2.493 1.870




7. Basis for the ABGecommendation
A o proportionbuffer on theOFL, i.e., ABC = (1.0- x) *OFL, where the authors
recommendednx of 0.25 This proportion was accepted in 2022.

Please sealsothesectionG on ABC

8. A summary ofheresults of anyebuilding analysis
Not applicable.

A. Summary of Major Changes

1. Changes (if any) to management of the fishery
1 None

2. Changes to input data

1 Commercial fisheries data were updated with values from the most recent
observer ad fish ticket datdor 2022/23: retained catch for the directed fishery
and discarded catch estimates for the directed fisherylinected crab fisheries,
and groundfishisheries.Thus the time series of data used in the medek
retained catch (1981/82022/23), total catch (1990/92022/23), and groundfish
bycatch (1989/92022/23) biomass and size compositions

1 Fish ticket retained CPUE were standardized bygdeeralized linear model
(GLM) with thenegative binomialink function for the 1985/861L998/98 period

1 Observer pot sample legal size crab CPUE data were standardized by the GLM
with the negative binomidink function with predictor variable selectiorby
CAIC (modified AIC)followed bytheR square criteriorseparately for 1995/96
2004/05 (prerationalization) and 2005/06 2022/23 (postrationalization)
periods A Year and Area interaction factor was considered inmodel(22.1f)
to estimateCPUE indices separately for preand postrationalization periods
Cooperative survey indices were calculated by the random effects model and
incorporate in models 22.1g&22.1h.The habitat areas were determined from
observer historical pdbcations as fishing footprints (Appendix B).

3. Changes to assessment methodology
None

4. Changes to assessment results
As expectedthe addition 02022/23 data(incompletefishery)change the OFL and
ABC estimatesbut changem parameter or abundance estimatesenot dramatic

B. Response to January 2BZPT comments
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Comment#l. The confidence intervals for the total catch need to be corrected as they
appear to bencorrectly plotted in the assessment document and do not appear to match the
assumed CV of 0.2.

ResponseWe rectified the error belovl otal catch confidence intervals are variable
because of variablstandard deviation dh (total catch)

Retained Catch Total Catch
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Figure C.1.0bserved (open circle) vs. predicted (solid litog) retained catch (top left),
log total catch (top right), anlkbg groundfish bycatch (bottom lefeyith 95% confidence
intervalsof golden king cralundermodel 22.1e2 fito theEAG data

Retained Catch Total Catch
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Figure C2. Observed (open circle) vs. predicted (solid lifeg) retained catch (top left),
log total catch (top right), anlkbg groundfish bycatch (bottom leftyith 95% confidence
intervalsof golden king cralmndermodel 22.1e2 fito theWAG data
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Comment#2. The timeperiod for setting the years that define average recruitment should
be justified, for example using a plot of years versus the variances of the recruitment
deviations. This type of analysis should be included in all futuressiesants.

Response:

Thetimefor setting the years that define average recruitment was brought iiye By5C

in February 2022 and we responded to this question by showing that there were very
little differences in the MMB trends and reference pestimates betwedwo

hypothetical periods

The variance analysis is a good suggestion. However, becaliseted time available
we postpone this analysis to the next assessment cycle.

Comment#3. The fits to the three CPUE series shoulddymorted on separate plots.

ResponseDone. See Figurek9, 20, and 33.

Comment#4 The combined model (i.e., fitting the data for the EAG and WAG as a single
area model) led to an OFL that is similar to the sum of those for the assessments of the
EAG ard WAG separately for the model 21.1e2 specifications. However, no fit diagnostics
were provided for the combined model so the 2023 assessment should include an appendix
with the fit diagnostics.

ResponseBecause of limited time availabhe did not take up thanalysis in his
assessment cycle

Comment#5 The rationale for considering model 21.1f should be included in the
assessment document, along with plots that show the extent to which the t€&dEn
varies among locations.

ResponseWe have provided the rationale for including the Year:Area interaction

CPUE model in Appendix B. Because of limited time between January and May, we did
not explore the extent to which the trend in CPUE varies arfumadgion. This can be

done in the nexdssessmertycle.

Comment#6 The assessment document should include information on the likely
connectivity between the EAG and WAG as this appears to be very limited, justifying
separate EAG and WA@Gssessments.

ResponseDone Informationis included in the main documentsection C.8.
Comment#7 The assessment authors provided bridging models to assess the extent to
which the assessment of AIGKC can be moved to being conducted using GMACS. The

current (bespoke) model and the GMACS implementations provide very similar estimates
of the timeseries ohumbersat-size and MMB, except during the early (jutata) period

10
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and the first few years with data. The CPT provided reasons for some discrepancies in the
outputs (see January 2023 CPT minutes) and recommératetie May 2023 assessment
be conductedsing GMACS.

Responsedone.

Comment#8. Recommendation for 2024 assessment:

Models 21.1e2CPUE5W!t and 21.1fCPUE5W1 fit the CPUE data for the EAG much

better than the base model (as expected) but without an obvious visual change in the fit to
the sizecomposition data. Models that are forced to achieve better fits to the CPUE

indices should be explored; in particular it is necessary to conduct analyses to identify the
data sources that preclude the model fitting the CPUE index data well.

ResponsePlan to do.

Comment#9. The models recommended by the CPT are:
0 Model 21.1e2: Thbase model from the May 2022 assessment, except that thpgmified
value of M was changed from 0.2%yti0 0.22yr* based on a ranalysis of historical tagging data.

0 Model 21.1f: As for model 21.1e2, eprl us obser ve
Block interactions.

0 Model 21.1g: As for model 21. 1e2, but with t he
included.

~

60 A model similar to 21.1g but with 21.1f as t he

Responsedone

Response td-ebruary 2023 SSC comments:

Comment#l. The SSC approves the above CPT recommended models for the May 2023
CPT presentation.

Responselmplemented in this assessment.

Comment#2. The SSC appreciates the work by the assessment author and others to transition
this assessment to the GMACS framework as well as the detailed bridging afdlgs&SC

agrees with the CPT that the May 2023 assessment be conducted using GMACS onlytaed that
legacy model not be brought forward for the May assessment. However, the SSC requests that the
base GMACS model EAG21.9c (modified 21.e2), which closely follows the legacy model, be
included to facilitate comparisons with the previous bridging exescis

Responsein this assessmengsults of model 22.9c (modified 22.1e2) were coetgpar
with the GMACS output.

Comment#3. The SSC agrees that the 198717 recruitment period be used for this
assessment, but that for future assessments the authtinsieda consider other recruitment

11
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time periods (including routinely adding a year to the series as is done in other assessments) and
provide justification for the final choice

ResponseOur response to CPT comment#2ches this issue

C. Introduction

1. Scientific name:
Golden king crabl.ithodes aequispinusE. Benedict, 1895

2. Distribution:
General distribution of golden king crab is summarized by NMFS (2@alien
king crah also called brown king crabgccur from theSea ofJapan to the northern
Bering Sea (ca. 61° N latitude), around the Aleutian Islageiserally in higkrelief
habitat such as intesland passeson various sea mounts, and as far south as
northern British Columbia (Alice Arm) (Jewett al. 1985). They & typically
found on the continental slope at depths ofi3Q000 m on extremely rough
bottom. They are frequently found on coral bottom.

The Aleutian Islands king crab stock boundary is defined by the boundaries of the

Aleutian Islands king crab Registia AreaO (Figurd) . I n t hi s chapter,

|l sl ands Aread means the area described by
king crab Registration ®ea O.Nichols et al. (2021) define the boundaries of
Aleutian Islands king craRegistration Area O:

The Aleutian Islands king crab Registration Area O eastern boundary is the
longitude of Scotch Cap Light (1844 . 72 NjW | ong); the norther
from Cape Sarichef (583 6 NjN | a W)longt rorthto75B O NjN | at ; and
western boundary the United StatBsissia Maritime Boundary Line of 1990.

During 1984/851995/96, the Aleutian Islands king crab populations had been
managed using the Adak and Dutch Harbor Registration Areas, which were divided
at 171° W longitude (Figre 2), but from the 1996/97 season to present the fishery
has been managed using a division at 174° W longitude (FiggureMarch 1996,

the Alaska Board of Fisheries (BOF) replaced the Adak and Dutch Harbor areas
with the newly created Aleutian IslanBegistration Area O and directed ADF&G

to manage the golden king crab fishery in the areas east and west @ 174
longitude as two distinct stocks. Thatdesignation of management areas was
intended to reflect golden king crab stock distributionngraent with the
longitudinal pattern in fishery production prior to 1996/97 (Fig@)e The
longitudinal pattern in fishery production relative to 174° W longitude since
1996/97 islike that observed prior to the change in management area definition,
althoughthere have been some changes in the longitudinal pattern in fishery
production within the areas east and west of 174° W longitude (Myure

12
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Commercial fishing for golden king crab in the Aleutian Islands Area typically
occurs at depths of 10875 fatloms (183503 m)(Gaeuman 2014Pots sampled

by atsea fishery observerduring 1990/912022/23 were fished at an average
depth of Bl fathoms (31 m; N=57,793 in the area east of 174° W longitude and
178 fathoms 826 m; N=62,062) for the area west df74° W longitude.

. Evidence of stock structure:

Given the expansiveness of the Aleutian Islands Area and the existence of deep
(>1,000 m) canyons between some islands, at least some weak structuring of the
stock within the area would be expected. Datanhaking inferences on stock
structure of golden king crab within the Aleutian Islands are largely limited to the
geographic distribution of comnmal fishery catch and efforiCatch data by
statistical area from fish tickets and catch data by location fyots sampled by
observers suggest that habitat for legjaed males may be continuous throughout
the waters adjacent to the islands in the Aleutian chain. However, regions of low
fishery catch suggest that availability of suitable habitat, in whichegdtthg crab

are present at only low densities, may vary longitudinally. Catch has been low in
the fishery in the area between 174° W longitude and 176° W longitude (the Adak
Island area, Figure8 and4) in comparison to adjacent areas, a pattern that is
consistent with low CPUE for golden king crab between 174° W longitude and
176° W longitude (Figur®) during the 2002, 2004, 2006, 2010, and 2012 NMFS
Aleutian Islands bottom trawl surveys (von Szagagl. 2011 2017. In addition

to longitudinal variation in density, there is also a gap in fishery catch and effort
between the Petrel Bartketrel Spur area and the Bowers Bank area; both of those
areas, which are separated by Bowers Canyon, have remdfoedand catch.
Recoveries during commercial fisheries of golden king crab tagged during ADF&G
surveys (Blau and Pengilly 1994; Blatial. 1998; Watson and Gish 2002; Watson
2004, 2007) provided no evidence of substantial movements by crab in the size
classes that were tagged (males and fem@l&s®m carapace length [CL)).
Maximum straighdine distance between release and recovery location of 90 golden
king crab released prior to the 1991/92 fishery and recovered through the 1992/93
fishery was 61.2 ik (Blau and Pengilly 1994). Of the 4,567 recoveries reported
through April 12, 2016, for the male and female golden king crab tagged and
released between 170.5° W longitude and 171.5° W longitude during the 1991,
1997, 2000, 2003, and 2006 ADF&G Aleutiahaind golden king pot surveys, none

of the 3,807 with recovery locations specified by latitude and longitude were
recovered west of 173° W longitude and only fifteen were recovered west of 172°
W longitude (V. Vanek, ADF&G, Kodiak, pers. comm.). Similarlyf 139
recoveries in which only the statistical area of recovery was reported, none were
recovered in statistical areas west of 173° W longitude and only one was in a
statistical area west of 172° W longitudéus, little mixing of Dutch and Adak
are& golden king crab providareason to undertaking separate stock assessment
in each area.
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4. Life history characteristics relevant to management:
There is a paucity of information on golden king crab life history characteristics
due in part to the deegepth distribution (~200.000 m) andhe asynchronous
nature of life history even{®©tto and Cummiske$985;Somerton and Otto 1986).
The repoductive cycle is thought to laggproximately 24 monthand at any time
of yearovigerous females can be fouadrrying egg clutches in highly disparate
developmental states (Otto and Cummiskey 1985). Females carry largackiolk
eggs which hatch into lecithotrophia.€., the larvae can develop successfully to
juvenile crab without eating; Shirley and Zhou Ip%rvae that are negatively
phototactic (Adams and Paul 1999). Molting and mating are also asynchronous and
protracted (Otto and Cummiskey 198Shirley and Zhou 1997with some
indications of seasonality (Hiramoto 1985). Molt increnfentarge malegadults)
in Southeast Alaskis 163 mm CL per molt (Koeneman and Buchanan 1985
was estimated at 14.4 mm Gbr legal males in theeastern Aleutian Islands
(Watson et al. 2002). Annual molting probability of males decreases with
increasing size, which results in a protractedr-molt period anctreates difficulty
in determining annuaholt probability (Watsort al.2002). Male sizeat-maturity
varies among stock¥\(ebb2014)anddeclines with increasing latitude from about
130 mm CL in the Aleutian Islands t@ ¢nm CL in Sint Matthew Island section
(Somerton and Otto 1986). Along with a lack of annual survey data, limited stock
specific life history stock information @vents development @f comprehensive
length-based assessment madel

5. Summary of management history:
A complete summary of the management history through 2015/16 is provided in
Leonet al.(2017). The first commercial landing of golden king crab in the Aleutian
Islands was i1975/76but directed fishing did not occur until 1981/82.

The Aleutian Islands golden king crab fishery was restructured beginning in
1996/97 to replace the Adak amltch Harbor areas with the newly created
Aleutian Islands Registration Area O and golden king crab in the areas east and
west of 174 W longitude were managed separately as two st@RE&G 2002).
Hereafter, the east dff4 W longitude stock segment isferredto asEAG and

the west ofl74 W longitude stock segment is referred to\V@$G. Table 1
provides the historical summary of number of vessels, GHL/TAC, harvest, effort,
CPUE and average weiglf crabin the Aleutian Islands golden king crab &si.

The fisheries in 1996/91997/98 were managedth GHLs of1,452 t (3,200,000
Ib) in EAG and 1,225t (2,700,000 Ib) WAG (Table 1) During 1998/992004/05
the fisheriesvere managedith GHLs of1,361 t (3,000,000 Idpr EAG and 1,225

t (2,700,000 Ib for WAG. During 2005/062007/08 the fisheriewere managed
with atotd allowable catch (TACHf 1,361 t(3,000,000 Ib) folEAG anda TAC

of 1,225 t (2,700,000 Ib) foWAG. By state regulationr5(AAC 34.61%, TAC for

the Aleutian Islands gden king crab fishery during 2008i0211/12 was 1,429 t
(3,150,000 Ib) folEAG and1,286 t (2,835,000 Ib) folWAG. In March 2012the
BOF change® AAC 34.6120 that the TAC beginning in 2012/13 would be 1,501
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t (3,310,000 Ib) foEAG and 1,352 t (2,980,000 Ib) fal’AG. Additionally, the
BOF added a provision & AAC 34.612hat allows ADF&G to lower the TAC
below the specified level if conservation concarse. The TAC for 2016/1(&nd
2017/18)was reducedby 25%for WAG to 1,014 t (2,235,000 Ib) while keeping
the TAC forEAG at the same level as the previous season

During 1996/972022/23 the annual retained catch during commercial fishing
(including costrecovery fishing hat occurred during 2013/02022/23) has
averaged 2% below the arallGHL/TACs buthas ranged from as much BH3%
below (1998/99j0 6% above (2000/01) the GHL/TAC.

A summary of other relevaltate of Alaskdishery regulations and management
actions pertaining to the Aleutian Islands golden kangb fishery is provided
below:

Beginning in 2005/06the Aleutian Islands golden king crab fishery has been
prosecuted under the Crab Rationalization Program. Accompanyiragitiption

of crabrationalization program was implementation of a community development
guota (CDQ) fishery for golden king crab imeteastern Aleutians (i.&cAG) and

the Adak Community Allocation (ACA) fishery for golden king crab in the western
Aleutians (i.e. WAG; Hartill 2012 Nicholset al 202). The CDQ fishery in the
eastern Aleutians is allocated 10% of the golden king TAdD for the area east of
174° W longitude and the ACA fishery in the western Aleutians is allocated 10%
of the golden king crab TAC for the area west of 174° W longitude. The CDQ
fishery and the ACA fishery are managed by ADF&G and prosecuted concurrently
with theindividual fishng quota(IFQ) fishery.

Golden king crab may be commercially fished only with king crab pots (defined in
stateregulation5 AAC 34.050 Pots used to fish for golden king crab in the
Aleutian Islands Area must be longlthand,since 1996gach potmust have at

least four escape rings of five and draf inches minimum inside diameter
installed on the vertical plane or at least-timed of one vertical surface of the pot
composed of not less than nimeh stretched mesh webkito permit escapement

of undersized golden king crd AAC 34.625 () Prior to the regulation requiring

an escape mechanism on pots, some participants in the Aleutian Islands golden king
crab fishery voluntarily sewed escape rings (typically 139 [ inche$) into

their gear or, more rarely, included panels with escape mesh (Beers 1992).
Regardinghe gear used since the establishmebtAAC 34.625 (bin 1996, Linda
Kozak, a representative of the industry, reported in a 19 September 2008 email to

the Crab Plan Team, dneé the golden king c
for small crab sorting, o0 and prderwi ded a v
Dungeness Gear WorkBGW)i n Seattl e, who fAbelieves he

the golden king cralatittancestiong, f D&M hass
9[-inch] escape web on the door of over 95% of Golden Crabopiérs

manufactured 0 sty to estimate the contes#lection curve for male golden

king crab was conducted aboard one vessel commercial fishing for golden king crab
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during the 2012/13 seasandfoundgear and fishing practices used by that vessel

were highly effective in ragting bycatch of sublegaized males and females

(Vaneket al. 2013). In March 2011 (effective for 2011/12), the BOF ameriled

AAC 34.625(b) o r e Ibiatwined hep dci fi cati on for pots
Islands golden king crab fishery relativetb@ requiremenin 5 AAC 39.145hat

A(1) a si dewal I|bottom fishpdts mudt dontasnlaredpdnihgequal a n d
to or exceeding 18 inches in length... The opening must be laced, sewn, or secured
together by a single length of untreated, 10@¢etr cotton twine, no larger than 30

t hread. 0 5AARMB26I(byIlowsrihe opening described 3nAAC

39.145(1t o be Al aced, sewn, or secured toget
100 percent cotton twine, no larger than 60 [rathextha&8 0] t hr ead. 0

Regulation $ AAC 34.610 (h)sets the commercial fishing season for golden king
crab in the Aleutian Islands Area as 1 August through 30 April. That regulatory
fishing season became effective in 2015/16 (the commercial fishing seasat was s
in regulation as 15 August through 15 May during 20052064/15).

Current regulations5(AAC 39.645 (d)(4)(A)stipulatethat onboard observeare
required on catcher vessels during the time that at least 50% of the retained catch
is captured in eacbf the three trimesters of theronth fishing season. Onboard
observersare requiredor 100% of fishing activityon catcheiprocessowessels
duringthe crabfishing season.

In addition,the commercial golden king crab fishery in the Aleutslands Area

may only retainmalesat least 6.0nches (152.4 mm) carapace width (CW)

including spineg5 AAC 34.620 () which is at least one annual molt increment

larger than the 50% maturity length of 120.8 mm CL for masestimated by Otto

andCummi skey (1985). A carapace |l ength (CL)
size males when CW measurements are not available (FablelSPFMC 2007b).

Notethatthe size limit for golden king crab has beeiméhes(152.4 mm)CW for

the entire Aleutian Isinds Area since the 1985/86 season. Prior to the 1985/86

season, théegalsizelimit was 6.5inches(165.1 mm) CWor at least one of the

now-defunct Adak or Dutch Harbor Registration Areas.

The male maturity size using 1991 pot survey measurementsapbca length and
chela height ire AG and 1984 NMFS measurementsVilAG were reevaluated
(Siddeeket al 2018. Bootstrap analysis of chela height and carapace length data
provided hemedian50% male maturity length estimat&s107.@® mm CL inEAG

and 107.8%nm CL inWAG. Theknife-edge maturitysizeof 111.0 mm CL, which

is the lower limit of the next upper size birgs been usddr mature male biomass
(MMB) estimation.Recently collected (2018 to 2020) chela height and carapace
length datawere analyzednd proposed a high&nife-edgematurity length of
116.0 mm Clfor MMB calculation which was accepted by the CPT/SSC in 2022

Daily catch and catcperunit effort (CPUE) are determined-ggason to monitor
fishery performance and progress towards rispectiveTACs. Figures6 to 8
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provide the1985/86 2022/23 time series of catch, CPUE, and the geographic
distribution of catchduring the 2022/23 fishing seasonincreases in CPUE were
observed during the late 1990s through the early 2Q0@sd with the
implementation of crab rationalization in 2005. Tivas likely due to changes in
gearconfiguratiors in the late 1990¢crabharvesterspersonal communicatiod,
July 2008) and after rationalizatiordue to increased soak timeSiddeeket al.
2015, and decreased competitiowing tothe reduced number of vessels fishing.
Decreased competition could allow crab vessels to target only the most productive
fishing areasTrends in fisherynominal CPUE within the areaBAG and WAG
generally paralleled each other during 1985ZH 041 but divergedthereafter
(EAG CPUEexceedeane and half timesf that iInWWAG). A moderate decreasing
trend in CPUE was observethce 2014n EAG andsince 2019 inWAG (Figures

6 and 7)

. Brief description of the annual ADF&G harvest strategy:

In March 2019,he BOF @opeda revisedharvest strategfDaly et al 2019) The
annual TAC is set by state regulati@hAAC 34.61ZHarvest Levels for Golden
King Crab in Registration Area Q)er.

(a) In that portion of the Registration Area O east of 174° W. long., the total
allowable catch level shall be established as follows:

(1) if MMA eis less than 25 percentiMA g, a9852017) the fishery will not
open;

(2) if MMAE is at least 25 percent but not greater than 100 percent of
MMA g, woss2017) the number of legal male golden king crab available
for harvest will be computed a$.(5) x (MMA g/MMAE, (19852017)
X(MMAE) or 25percent of LMA:, whichever is less; and

(3) if MMA e is greater than 100 percentMMA g, @9852017, the number of
legal male golden king crab available for harvest will be computed as
(0.15) XMMAFE) or 25 percent of LMA, whichever is less.

(b) In that portionof the Registration Area O west of 174° W. long., the total
allowable catch level shall be established as follows:

(1) if MMA w is less than 25 percent BfMA w, 19852017) the fishery will
not open

(2) if MMA w is at least 25 percent but not greater than 100epérof
MMA w, 19852017, the number of legal male golden king crab available
for harvest will be computed af.20) x (MMA w/MMA w, (19852017)
X(MMA w) or 25 percent of LM4y, whichever is less; and

(3) if MMA w is greater than 100 percentMMA w, 19852017, the number
of legal male golden king crab available for harvest will be computed as
(0.20) XMMA w) or 25 percent of LMAy, whichever is less.

(c) In implementing this harvest strategy, the department shallideynshe
reliability of estimates of golden king crab, the manageability of the fishery,
and other factors the department determines necessary to be consistent with
sustained yield principles and to use the best scientific information available
and consideall sources of uncertainty as necessary to avoid overfishing.
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(d) In this section,

(1) MMA e means the abundance of male golden king crab in the portion of
the Aleutian Islands Management Area O east of 174° W. long that are
greater than or equal to 111 millirees in carapace length estimated by
the stock assessment model for the time prior to the start h§lieey.

(2) MMA g, aoss2017ymeans the mean value of the abundance of male golden
king crab in the portion of the Aleutian Islands Management Area O
east d174° W. long that are greater than or equal to 111 millimeters in
carapace length estimated by the stock assessment model for the time
prior to the start of the fishery for the period 1988017.

(3) LMA e means the abundance of male golden king crab ipdhen of
the Aleutian Islands Management Area O east of 174° W. long that are
greater than or equal to 136 millimeters in carapace length estimated by
the stock assessment model for the time prior to the start blieey.

(4) MMAw means the abundancérmale golden king crab in the portion
of the Aleutian Islands Management Area O west of 174° W. long that
are greater than or equal to 111 millimeters in carapace length estimated
by the stock assessment model for the time prior to the start of the
fishely.

(5) MMA w, (10852017 means the mean value of the abundance of male
golden king crab in the portion of the Aleutian Islands Management
Area O west of 174° W. long that are greater than or equal to 111
millimeters in carapace length estimated by the steskssment model
for the time prior to the start of the fishery for the period 192917;
and

(6) LMA w means the abundance of male golden king crab in the portion of
the Aleutian Islands Management Area O west of 174° W. long that are
greater than or equal 186 millimeters in carapace length estimated by
the stock assessment model for the time prior to the start of the fishery.

In addition to the retained catch that is limited by the TAC established by ADF&G
under5 AAC 34.612 ADF&G has authority to annually receive receipfs to
$500,000 through cosecovery fishing on Aleutian Islands golden king crab. The
retained catch from that cestcovery fishing is not counted against attainment of
theannually establishedAC.

. Summary of the history of the basis and estimatesf MMBwusy or proxy
MM Buwsy:

The MMBssy is estimated as proxy for MMBwsy using the Tier 3 estimation
procedure, which is explained in a subsequent section

. Justification for assessingAleutian Islands golden king crab as two sub stocks:

We modelled=AG andWAG stocks separately for several reasons:
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(a) Fishery catch data (e.g., CPUE magnitude and CPUE temporal trends) suggest
that the productivity is different between the two areas.

(b) WAG has wider area of stock distribution compared to limited area distribution
in EAG.

(c) The fishing areas are spatially separated with an area gap between EAG and
WAG (see Figure 8 in the main text). Regions of low fishery catch suggest that
availability of suitable habitat may vary longitudinally.

(d) Tagging studies have shown little mixing between the two areas (Watson and
Gish 2002).

(e) Currents are known to be strong around the Aleutian Islands, thus larval mixing
between the two regions mayaur. Yet needed data to confirm larval drift
trajectories or horizontal displacement are lacking. Unlike other king crabs, golden
king crab females carry large, yealich, eggs, which hatch into lecithotrophic (ron
feeding) larvae that do not require dgggc distribution for encountering food
items. Depth at larval release, the lecithotrophic nature of larvae, and swimming
inactivity in lab studies implies benthic distributions, which may limit larval drift
between areas if horizontal current velociaes reduced at depth.

(H Integrating contrasting data in one single model may provide parameter
estimates in between the two extremes which would not be applicable to either
(Richards 1991; Schnute and Hilborn 1993).

(g) Area specific assessment is sigreto a holistic approach for this stock because

of patchy nature of golden king crab distribution.

h) Alaska Board of Fisheries decided to manage the two areas with separate total
allowable catches.

i) Genetic analysis shows no significant differembiatbetween areas within the
Aleutian Island population (Grant and Siddon 2018), thus there is no genetic
support for subdividing this population; however, above listed factors support
separate stock assessments in the two regions.

D. Data

1. Summary of new information:

(a) Commercial fishery retained catch by size, estimated total catch by size,
groundfish male discard catch by size, observer CPUE irmaebcommercial
fishery CPUE indexvere updatedto include 2@2/23 information Available
data byyear are shown belaw
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2. Data presented as time series:

a.Total Catch:
Fish ticket data on retained catch weight, catch numbers, effottfipICPUE,
and average weight of retained catch for 19812822/23 are provided iTable
1. Estimated total catch weighfior 1990/91 2022/23 are listed inTable 2a

b. Bycatch and discards
Retainedcatch bycatch mortality(male and femaleyeparated by the crab
fishery and groundfish fishery, and total fishery mortality for 19812822/23
are provided inTable 2.Crab fishery discards are available after observer
sampling was established in 1988/&€hserver data for the 1988/89989/90
seasonsre not considered reliable. Table 2 provides crab fishery discards and
groundfishfishery bycatch fothe1991/92 2022/23 seasons

c. Catch-per-unit-effort:
1 Pot fishery and observer nominal retained and total CRMIE,fishery
effort, observer sample sizandestimatedbservelCPUE indexdelineated
by EAG andWAG for 1985/86 2022/23 are provided ifmable3.

1 Estimated commercial fishery CPUE indeith coefficient of variatiorare
provided inTable 4for EAG and Tablel0 for WAG. The estimation
methodsandCPUE fits aredescribedn Appendix B.

d. Abundanceat-length:
Informationon length compositionsf abundance (NMatrix) are providedin
Figures9 and 10for EAG; and B and 24for WAG for models 2.1e2 and
21.1f, respectively

e. Survey biomass estimates
Cooperative pot survey estimaiebiomass indice§2015/16 to 2019/20, and
2021/22 to 2022/23)vere consideredn the stock assessment modeelshis
presentation

f. Survey catch ati length:
Dataare availablebutnot processed fathis presentation

g. Other time series data None.

3. Data which may beaggregated over time:

1 Molt and size transition matrix: Tag releasé recapturd time at
liberty records fron1991,1997, 2000, 2003, and 2006 male tag crab
releases were aggregated by year at liberty to determine the molt
increment and size transition matrix by the integrated model.
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f Weight-at-length: Male lengthweight relationship7 A where
a=1.445*10% b=3.28113 [ =0.00737 (bias correction farwas
not required because of the very small value ifupdated estimates
from WAG datal].

1 Natural mortality : Tagrecapturemodel (Siddeek et al., 2022)
estimated fixed natural mortality valeé 0.22 yr! was used in the
assessment.

4. Information on any data sourcesthat were available, butwere excluded from
the assessment:

Data from triennial ADF&G pot surveys for Aleutian Islands golden king crab in a
limited area iNEAG ( bet ween 170A 216 and 171A 336
performed during 1997 (Blaet al. 1998), 2000 (Watson and Gish 2002), 2003

(Watson 2004), and 2008Vatson 2007) are available, but were not used in this
assessment. However, the tag relesms#recapture data from these surveys were

used.

E. Analytic Approach

1. History of modeling approaches for this stock

A size structured assessment model based on only fisheriesvdatander
development foseveralyears fothe EAG andWAG golden king crab stockand
acceptedn 2016for OFL and ABC settindor the 2017/18 seasoiihe CPT in
Januany2017and SSC in Felbiary 2017 recommendeding the Tier 3 procedure
to set the OFL and AB. They alssuggested usintpe maturity datéo estimate
the male mature biomag®dMB). These suggestionswere followed in this
assessmertb estimateOFL and ABC.

2. Model Description:

a. Description of overall modeling approach:
The underlying population dynamics moaeds maleonly and lengtfbased
(Appendix A). This model combidecommercial retained catch, total catch,
groundfish fishery discarded catch, standardized observer legal sizgpeatch
unit-effort (CPUE) indices, fishery retained catch size composition, total catch
size composition, and tag recaptures by releasaptue length to estimate
stock assessment parametdifse tagging datavere used to calculate the size
transition matrix. To estimate the MMB,knife-edgematurity sizebased on
chela height and carapace lendtawas usedTo include a long time series
of CPUE indices for stock abundance contrast, the 1985%8®/99 legal size
standardizedfishery CPUE indices were used in a separate likelihood
component inall models (Table T). All models but model 22.9c were
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implementedin GMACS. Model 22.9c is the modified 22.1e2 model for
GMACS implementation and used to compare its results with those of GMACS.

There were significant changes in fishing practissociated witlthanges in
management regulations (e.ggnstantGHL/TAC since 1996/97 andrab
rationalizationsince 2005/06), pot configuration (escape web on the pot door
increased to “nch since 1999), and improved observer recording in Aleutian
Islands golden kingrab fisheries since 1998. These changes prompted us to
consider two sets of total selectivity parameters with only one set of retention
parameters for the periods 1986 2004/05 and 2005/0@022/23. Since
CPUE standardization was carried out based methdependensets of data
(fish ticket CPUE for the period 19861998 andobserver CPUE fothe two
separat@eriods, 19951 2004and2005i 2022), severaimodek (22.1€2, 22.1f,
22.1g, and 2.1h) with threecatchability and additional Cdarametersvere
consideredor GMACS implementationwhich seemamore justifiable (Table

T1).

The observer and commercial fishery CPUE indices wiindard errors
(estimated by GLM) andn additionalassessmennodel estimble constant
variancewere fitted inall modek. The assessment model predicted total and
retained CPUENdices. However, onlypredictedretained CPUENdices were
comparedwith inputlegal size crab CPUHdicesin the likelihood functios
because recordings legalsizecrabseenreliable.

The data seriemngesused folWWAG are the same as those OkG.

b. Software:
AD Model Builder (Fournieret al.2012).

c.if. Details are given in Appendix A.

g. Critical assumptions and consequences assumption failures
Because of the lack of an annual stock surasgessment moddisavilyrelied
on standardized CPUE indices (Appendix B) and catch and size composition
information to determine stock abundance trends in both regkwrsthis
analyss, he observer and fish ticket CPUE indige=re assumed to lhieearly
related to exploitablabundanceThe M was keptconstant at @2 yr! andthe
knife-edge maturity sizesetat 16 mm CL, based on recent chela height
analysis, was considered for MMB estimati(Biddeeket al. 2018 2021,
2022. In addition, drected poffishery discard mortalitywas setat 0.20yr?,
overall groundfishfishery mortality setat 0.65 yr! (mean ofgroundfish pot
fishery mortality [0.5 yr!] and groundfish trawl fiskery mortality [0.8 yrY]),
and groundfishfishery selectivity set at full selectionfor all length classes
(selectivity = 10). Any discard oflegatsize malesin the directedpot fishery
was not considereth this analysisThese fixed values invariably reduced the
number of model parameters to be estimated and helped in convergence.
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Differentgb s ( s ¢ a | T for gtangaedizeal GRUE i theodek, Equation
A.13) and logistic slectivity patterngEquation A9) for different periods for
the pot fisherywereconsidered

Changes to any of the above since the previous assessment:
None

Model code has been attkedand validated
GMACS and st atcods hageubeen anectieel bt vadious times by
independent revieweesd the current codes areailablefrom thefirst author.

3. Model Selection and Evaluation

a.

i)
)

iv)

Description of alternative model configurations:

Five and three alternativenodels were consideredor EAG and WAG,
respectively (se&able T1for description of alternative modgl3he OFL and
ABC resultsare presentetbr all modek separately foEAG andWAG in the
executive summaryables The OFL and ABC are also provided for authors
preferred model 22e2 forAl. Model22.1e2was considereds the basmodel

It consides:

Initial abundanceby the equilibrium conditionconsidering the mean
number of recruits for 1982017: The equilibrium abundance was
determined for 196@Equations A.4 and A.5projectedorward with only
M and annual recruits until 1980, then retained catch removed during 1981
1984and projectedo dbtain the initial abundance in 1985

Observer CPUE indices fa4995/96 2022/23.

Fishery CPUE indices foraB5/86 1998/99.

Initial (Stagel) weighting of effective sample sizes: numbevedseldays
for retained and total catch sizempositionsand number of fishing trips
for groundfish discard size compositiathg groundfish size composition
was not used in model fittingand (Stage?) iterative reweighting of
effective sample sizes by the Frantisthod

Threecatchabilitesand two sets ologistictotal selectivitesfor the periods
1985/86 1998/99,1985/86 2004/05 and 2005/062022/23, and asingle
set oflogistic retention curvgparameters.

Full selectivity (selectivity =) for groundfishfisherybycatch.

Knife-edge maturity sizef 116 mm CL

vii)  Stock dynamic$/ = 0.2 yrl, pot fishery handlingnortality = 0.2yr, and

mean grounfish bycatch handling mortality 0.65yr™.

Size transition matrixusing tagging dataestimated by the normal
probability function with thdogistic molt probability submodel. The tag
recapturs were treated as Bernoulli trials (i.&tage-1 weidhting).

Theperiod 19871 2017, was used to determine the mean number of recruits
for MMBasy, (& proxy forMMBuwsy) estimation under Tier.3
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Thesalient featureand varations from the base scenaaball otherscenarios
are listed in Tabld 1. Thelist of fixed and estimablparanetersis provided in
Table Al andletail weights witlcoefficient of variationsqVs) assignedo each
type of dataare lised in Table &.

Best estimateof parameter values farepresentativenode| 22.1€2, were
jittered to confirm model global convergence. The results indicated that global
convergence was achieved (Appendix

b. Progression of results:
The OFL and ABC estimates dilee thoseestimate madepreviously, 202/22.

c. Label the approved modelfrom the previous year as model
The notation22.1e2 for the base model came from tpesviousyear {.e.,
May/June 202) acceptedassessmentnode| 21.1e2 The model 22.1e2
includes additional 2022/23 data (unfinished fisheries) over the previous model.

d. Evidence of search for balance between realistic and simpler models
Unlike annually surveyed stocks, Aleutian Islands golden king crab stock
biomass is dficult to track, and severalbiological parameters are assumed
based on kowledge from red king crafe.g., handling mortality rate o0f0.2
yr}) due to a lack of species/stock specific informati®averal model
parametersvere fixedafter initially running the model witfree parameter®
reduce the number of parameters to be estimated (e.g., groundfish bycatch
selectivity parameters were fixedj. CPUE standardizationnstead of using
the traditional AIC the Consistent Akaikeformation Criteria(Bozdogan
1987)was usedhatconsidersaumber of parameteand data pointusedfor
fitting modelswhen selecting thénal model.The final GLM model predictor
variables were tested for collinearity by the GIF statigftcs< and Weishreg
2011) and found them to be nawllinear. The assessmenmodek also
considered different configurah of parameters to selgmrsimonious models.
The detaiédresults ofall modek are provided itables andigures.

e. Convergence status andriteria:
ADMB default convergence criterigere used

f. Table of the sample sizes assumed for the size compositional data:
Theinitial input sample size@.e., Sagel) were estimateditherasnumberof
vesseldaysfor retained and total catdizecompositionor number of fishing
trips for groundfish size compositidnote: the groundfish size composition
was not usedn model fiting) for all model scenarios Then the Stage2
effective sample sizewere estimatediteratively from Stagel sample size
usingthe Franci® (2011, 2017) meanlength-basednethod
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The initial input sample sizeStagel) andStage?2 effective sample sizeare
providedfor the bespokenodel22.9c in Table5 for EAG and Table 11 for
WAG.

g. Provide the basis for data weighting, including whether the input effective
sample sizes aréuned, and the survey CV adjusted:
Describedoreviously(f).

h. Do parameter estimates make sensad are they credible?
The estimated parameter values are within the bounds and variousugigést
that the parameter values are reasonable #ogdlden king cralstocks with
the current sets of data

i. Model selection criteria:
Several diagnostic critea were usedto select appropriatenodek for
recommendationCPUE fits, observed vs. gulicted tag recapture numbers by
time at large and release sizetained and totadatch andgroundfishbycatch
fits. Figures are provided faill model scenarios in the Results section.

J.  Residual analysis:
Residual fitsare illustratedoy bubble plotdor retained and total catchize
compositionpredictionsin various figures in the Results section.

k. Model evaluation:
Only one basemodel with severalmodel variatiors is presented and the
evaluations are presented in the ResutisGraphssectiors below.

. Results

1. List of effective sample sizes and weighting factors:

The Stagel and Stage effectivesanple sizes are listefibr model22.9cin Table
5 for EAG and Tablell for WAG. Theweights with the CV specifications, for
different data sets arequided in Table & for variousmodek for bothEAG and
WAG. These weights (with the correspondi@y) adequately fitted the length
compositionsand no further changes were examined.

Weighting factorsvere usedor catch biomass, recruitment deviation, pot fishery
F, and groundfish ishery F. The retained catch biomasgeight was setto an
arbitrarily large value 50@ (corresponding to a CV of 0.03)Lbecause retained
catchdataare more reliable than any other data Séts.total catch biomasgeight
was scaledn accordance with the obsenamnual sample sizéaumber of pots)
with a maximum 0f250.0 (corresponding to variable CVJotal catchestimaes
were derived from observaominaltotal CPUEand effort. h some year®bserver
sample sies were low (Tabless). A small groundish bycatch weight (&
corresponding to a CV of 1.31p®&as choseased on the Septem®915CPT
suggestionThe groundfish bycatch weightas slightly increasedrom previous
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0.2 to 0.5 to obtain global convergence fis all models(see the jitter tabkein
Appendix D). The best fit criteriavas choseno choose the lower weight for the
groundfid bycatch. Groundfish bycatch of Aleutian Islands golden king crab is
very low (Table 2) The CPUE weightsvere seto 10 for all modek. A constant
(model estimated) varianaeas includedn addition to input CPUE variance for
the CPUE fitThe Burnhanet al.(1987) suggested formuzas usedor In (CPUE)
(and In (MMB)) variance estimationEquation A.14). Note that the stimated
additional variance values were small fowth observerand fish ticketCPUE
indicesfor the two regionaNeverthelesthe CPUE index variances estimated from
the negative binomial GLMvere adequate to fit the mogakconfirmed by the fit
diagrostics (Fox and Weisberg 201 Parameter estimateseprovidedin Table 6

for EAG andTable12 for WAG for modek 22.9¢, 22.1€2, 21.1, 22.1g, and 22.1h
The numbes of estimable parameters are listed in Table Al.

2. Include tables showing differences in likelihood:
Tables9 and15list the total and component negative log likelihood veifoe
representativenodels, 2.9c, 22.1e2, 22.1f, 22.1g, and 22.1llor EAG and
22.9c, 22.1e2, and 22.MVAG, respectively.

3. Tables of estimates:
a. Parameter estimates farodek 22.9¢, 22.1e2, 22.1f, 22.1g, and 22.1kare
summarized iMable8 for EAG andfor models 22.9c, 22.1e2, and 22.1f in
Table 12 for WAG. The boundaries for parameter seaslare also
provided for the bespoke model 22.90 those tablesAll parameter
estimatesvere within the boundsf bespoke model

b. All modek considered mofirobability parameters in addition to the linear
growth increment and norntaldistributedgrowth variability parameters to
determine the size transition matrix.

c. Mature male and legal male abundance time sieni@sodek 22.9¢, 22.1€2,
22.1f, 22.1gand 2.1h are summarized in Tabl&sand8 for EAG andfor
models 22.9c, 22.1e2, and 22.1fliades 13 and14 for WAG.

d. The recruitment estimatésr those modek aresummarized in Tab&/ and
8 for EAG and Tabls 13 and14 for WAG.

e. The negative lodikelihood component values andtal negative log
likelihood values formodebk 22.9c, 22.1e2, 22.1f, 22.1g, and 22.1lare
summarizedn Table9 for EAG andfor models 22.9c, 22.1e2, and 22.1f in
Table 15 for WAG. Loglikelihood values of different modelre not
comparable because of data weighting (i.e., different magnitude of effective
sample sizesand different optimization processes between bespoke and
GMACS models.

5. Graphs of estimates:
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. Selectivity:

Total selectivity and retention curves of the-paad postationalization
periods formodels 2.9c, 22.1e2, 22.1f, 22.1g, and 22.1Areillustrated in
Figurell for EAG andfor models 22.9c, 22.1e2, and 22.1Fgure25 for
WAG. Total seletivity for the prerationalization perioavas used iffitting

the tagging model. The groundfish bycatch selectivity appeared flat in the
preliminary analysisindicating that all size groups were vulnerable to the
gear. Thus, the groundfish bycatch selectiwgs seto 1.0 for all length
clas®s in the subsequent analysis.

. Mature male biomass

Mature male biomass time series fbodek 22.9¢, 22.1e2, 22.1f,22.19,
and 22.1hfor EAG and models 22.9c, 22.1e2, and 22.1f f6AG are
depicted in Figure22a (representing théong time series, 196to 202)

and 2b (representing thehort time series, 43 to 2022) Mature male
biomass tracked the CPUE trends well $efectedmodek for EAG and
WAG. The biomass variance was estimated ugie@urnhametal. (1987

suggested formula (fiationA.14). The mature male biomass valwesre
determinedn 15 Febuaryeach year

A fixed periodtime series of recruits (Table Tlyas consideredor
estimatingmean number of recruifer the MMBssy, calculation mderthe
Tier 3 approach

Fishing mortality :

The full selectiompot fisheryF valuesover timefor models 22.9c, 22.1e2,
22.1f, 22.1g, and 22.1h f&AG and models 22.9¢c, 22.1e2, and 22.1f for
WAG areshown in Figur@l. TheF peaked idate 1980s andarly tomid-
1990sand systematically declineth EAG. Slight increases ik were
observedrom 2014to 2019, followed by a declinéen EAG. On the other
hand, theF in WAG peaked in late 198as mid-1990s andearly 2000s,
declinedin late 2000sand $ightly increasedn 2013 2015 and again in
2019 2021

. Fvs. MMB:

The plots for models22.9¢, 22.1e2, and 22.1f for EAG and WAG are
providedin Figure34. The 222/23 F was below the oerfishing leveldor

all models INEAG butaroundthe overfishing level fotWAG. However, the
2022/23F may change when completed fisheries data are available in both
regions.

. Stock-Recruitment relationship: Not analyzel.

Recruitment:
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Temporal changes in total number of recruith®modeleghopulationare
illustrated inFigure 13 for EAG (models 22.9¢c, 22.1e2, 22.1f, 22.1g, and
22.1h)and Figure 27 for WAG (models 22.9c, 22.1e2, and 22.1f)he
recruitment distribution to the model size group (IB5mm CL) is shown

in Figuresl4 and28for EAG andWAG, for therespective models

6. Evaluation of the fit to the data:

g. Fits to catch:
The fishery retainedndtotal catch and groundfish bycatch (obsedsvs.
estimated) plotare illustrated irfFigurel7 for EAG (models 22.9c, 22.1e2,
22.1f, 22.1g, and 22.1lanhd in Figure 3 for WAG (models 22.9c, 22.1e2,
and 22.1¥. All predicted fitswere very close to observed valuespecially
for retained catch and groundfish bycatch mortaltpwever, pe-1995
total catch data did not fit well.

h. Survey data plot:
The cooperative survgyots are not providedh this report.

i. CPUE index data:
The comparison opredictedCPUE with input indices (open circles with
95% confidence interval$yr modek22.9c, 22.1eZand22.1fare shown in
Figures 19 andfor models 22.1g and 22.1h (which included cooperative
survey indices) in Figure 2for EAG andfor models 22.9c, 22.1e2, and
22.1f in Figure 33 for WAG. The CPUE variance was estimated udimg
Burnhamet al. (1987) suggested formula d&ationA.14). These figures
illustrate varying matches of CPUE predictiongith input valuesby
differentmodels

j. Tagging data:
The predicted vsobserved tag recapturey lengthclass foryears 1 to 6
post taggingare depicted in Figure2lfor EAG and Figure26 for WAG.
The predictions appeadreasonabldNote thatE AG taggingdata wereised
for size transition matrix estimation footh stocksEAG andWAG). The
size transition matrices estimated usigG tagging data irEAG, and
WAG models vere similar.

k. Molt probability :
The predictednolt probaliities vs. CL are depicted in Figurgs for EAG
(models 22.9c, 22.1e2, 22.1f, 22.1g, and 22ath)) in Figure29 for WAG
(models 22.9c, 22.1e2, and 22.1fjhe fitted curves appear to be
satisfactory.

I. Fit to size compositions:
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Since the models were implemented in GMACS for reference points
determinain, we provide thdime series (1981 to 2022) efstimated
abundance by size in Figureésand 10 folEAG and in Figures 23 and 24
for WAG for models 22.1e2 and 22.1f, respectiv@le selected period
reflects the catch reporting period.

The standardized residual plotse illustratedas bubble plots of size
composition over time for retainezhtch(Figures 17 for EAG and 31 for
WAG) and for total catch (Figures18 for EAG and 32 for WAG) for
bespokemodel 22.9c. The retained catch bubble plad® notappearto
exhibit major pronounced patterns among residuals

m. Marginal distributions for the fits to the composition data:
This plotis not providedn this report.

n. Plots of implied versus input effective sample sizes and time series of
implied effective sample sizes:
Theseplotsare not provideth this report Howeverthe Stagel andthere-
weightedStage?2 effective sample sizesre providedn Tablesb for EAG
ard in Tablesl1 for WAG, for themodel22.9c.

0. Tables of RMSEs for the indices:
This tableis not providedn this report.

p. Quantile-quantile (QT Q) plots:
Theseplots for model fitsare notprovided inthis report

7. Retrospective and historicalanalysis:

We did not provide the retrospective analysis in this report because of limited

time available. However, several previous, including that reported at the

January 2023 CPT meeting, indicated some retrospective patterns5Ahe

assessment but not in tiéAG assessment. Since the status quo model was

not changed from previous iterations exX
data, we anticipate similar retrospective pattern in the respective areas.

8. Uncertainty and sensitivity analysis:

The main task as to determine a plausible size transition matrix to project the
population over timeln a previous studythe sensitivity of the model to
determinng the size transition matrix biycorporatingor notincorporatinga

molt probabiity functionwas investigatedSiddeeket al. 20163). Themodd

fit improvedwhena molt probabilitymodelwas included.Therefore,a molt
probability submodelwas includedor size transition matrix calculation in all
modesk.
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Conduct oOjatter analysis
A jitter analysiswas conductedn the plausiblerepresentativenode| 22.1e2
outside the GMACS framewo(RppendixD). The results indicated that global
convergence was achieved foostrunsin bothEAG andWAG.

F. Calculation of the OFL

1. Specification of the Tier level:

In the following section, th&ier 3 method toestimateOFL and ABCis
provided

Aleutian Islands golden king crab is currently placed in Tier 3&fg& and
Tier 3b forWAG.

2. List of parameter and stock size estimates (or best available proxies
thereof) required by limit and target control rules specified in the fishery
management plan:

The critical assumptions faMiMBwusy reference poirst (MMBasy, and Fase) estimationof
Aleutian Islands golden king cratve:

a.
b.

C.

d.
e.

f.

g.

Natural mortality is constant

A fixed growth transition matrixand amolt probability suemodelareadequately
estimatedrom tagging data.

Total fishery selectivity and retention curves are lefagjendent and the
2005/06 2022/23 period selectivity estimates aapplicable

Groundfish bycatch fishery selectivity is kept constant at 1.0 for all length groups.
Model estimated recruits (in millions of crab) aralid for different periods
consideredn the selectednodes.

Model estimated groundfish bycatch mortality valaesappropriatelyaveraged
for the period 203/14i 2022/23 (10 years).

Theknife-edge maturity sizased folMMB estimationis correct

3. Specification of the OFL.:

a. Provide the equations (from Amendment 24) on which the OFL is
to be based

Thereference points aestimated by mature male biomgs-recruit analysis using model
estimated parameters.
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The Tier 3 control rule formultor ForL calculationis as follows:
If, 5
00O D06 HO O »
If,
D0O D00 p0EQODO FO0OO p
@] O =
If,
000 FO0O6 p
@] ™8
where
b = a parameter with a restriction that | p. A default value of 0.25 is used,
a = a parameter with a restriction that | I . A default value of 0.1 is used,
- - =the mature male biomass in the current yaad
MMB3s9% = aproxy MMBuwsyfor Tier 3 stocks.
Because projected - " (i.e.,- - " ) depends on the intervening retained and

discard catch (i.e., MMBs estimated after the fishery), an iterative procedure is applied
with predictedretained and discard catdfheFor. andOFL were estimatedising MCMC
in the GMACS modelbutthe bisection method in the status quo model, 22.9c.

b. Basis for projecting MMB to the time of mating:
The NPFMC(20073 guidelinewas followed

c. Specification of ForL, OFL, and other applicable measures (if any)
relevant to determining whether the stock is overfished or if
overfishing is occurring:

The control rule is used for stock status determination. If total catch exceeds OFL, then
Aover fishi M§B eqoats orudecines béldw ONMB 354 (i.e., MSST), the
stock i s A dMMB/MNMBszs, lequals. ad detlifies below, then the stock
productivity is severely depleted, and the directed fishery is closed.

The 2@2/23 incompletdfishery data indicated that overfishing did not ocdwtal fishery
mortality in 202/23 was2.612kt (5.758 million Ib), which was less than the OFL2¥61
kt (8.291 million Ib). The OFL and ABC values for 2022/23 in the tabbelow are
authorsrecommended valudsr consideration
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Status and catch specifications (1000 t) of Aleutian Islands golden king(icradbel
22.1e2)

Biomass Retained Total
Year ysst (umB) ¢ carch  Catche
2019/20 5.915 16.386 3.257 3.319 3.729 5249 3.937
2020/21 6.014 15.442 2.999 3.000 3.520 4.798 3.599
2021/22 5.715 13.581 2.690 2.699 3.056 4.817 3.372
2022/23 5.832 13.600 2.291 2.369% 2.61> 3.76F 2.82r

2023/24 12.069 4.182 3.137

OFL  ABCP

Status and catch specifications (million Ib) of Aleutian Islands golden king (crallel
22.1e2)

Biomass Retained Total b
Year  ysst (vvB) A carch catche ©OFb  ABC

2019/20 13.041 36.124 7.180 7.317 8.222 11572 8.679
2020/21 13.259 34.043 6.610 6.614 7.759 10.579 7.934
2021/22 12.598 29.940 5.930 5951 6.737 10.620 7.434
2022/23 12.857 29.984 5.050 5.223 5758 8.29F 6.219
2023/24 26.607 9.220' 6.916
*Incomplete fishery
a. Total catch was sum of retained catch and estimated bycatch mortality of
discarded bycatch during crab fisheries and groundfish fisheries.
b. 25% buffer was applied to total catch OFL to determine ABC except
2021/22, during which 30% buffevas applied.
c. OFL, and ABC were estimated by the accepted model 21.1e2 in May 2022
assessment when thi¢AG fisheries was not completed.
d. MSST, MMB, OFL, and ABC were estimated by #ghors preferred
model 22.1e2 in May 2023 assessment whel:th@ andWAG fisheries
were not completed.

G. Calculation of ABC

Based on CPT/SSC suggestion 2022 a 25% buffer on OFL wasisedto
determine théBC for the fisheryi.e.,ABC =0.75*OFL). The ABC estimates for
approved models in previous years up to 2021/22 and authors recommended model
22.1e2 in 2022/23 are listed in the above two tables.

Alternativereference pointsicluding ABCbased omodel 22.1fare also provided

below if Year:Areainteraction model iselectedby the CPT/SSCThe differences
between the two modéls e s t areweay snealh however
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Biomass

Retained Total

b
Year  yisst  mmB) A% catch cace OFb  ABC
2022/23 5.836 13.269 2.291 2.369* 2.612* 3.76F 2.82F
2023/24 11.934 4029 3.02~

Status and catch specifications (million Ib) of Aleutian Islands golden king (cralolel

22.1f)

1. List of variables related to scientific uncertainty:

Biomass Retaine | Total b
vear | wusst | (wmB) | TAC | d catch | catchr | ©OFF | ABC
2022/23| 12.8%5 | 29253 | 5.050| 5.223 | 5.758 | 8.29F | 6.219
2023/24 26309 8.883 | 6.662¢

T
T

model.

1 The period to compute the averagember of recruitgelative to the

assumpti on

th e

t hat

producti on

Modelsrely largely on fisheries data.
Observer and fisheries CPUE indices played a major role in the assessment

t his
potenti al
1 Fixed bycatch mortality ratewere usedn each fisherycrab fishery and

of

the groundfish fisherythatdiscarded golden king crab
1 Discarded catch and bycatch mortality for eaishdryin which bycatch

occurred durind.981/82 1989/90were not available

2. List of additional uncertainties for alternative sigmab:

represents

t he

A buffer of 25%to account for additional uncertainti@asused ,which was

recommendeth 2022

Author recommended ABC:

Authors recommeret oneABC based o 25% buffer on the OFL undenodel
22.1e2 with alternative 22.1f

H. Rebuilding Analysis

Not applicableThis stock has not been declared overfished.
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|. Data Gaps and Research Priorities

1.

Recruit abundances wetteed to @mmercial catch sampling data. The
implicit assumption in the analysis was that the estimated recruits come
solely from the same exploited stock through growth and mortality. The
currentanalysis did not considehat additional recruitmentnay occur
through immigration from neighboring areas and possibly separate sub
stocks.The analysis also did not consider emigration from the study area,
which would result in an assumption of increabkdr a reduced estimate

of recruits.Extensive tagging experiments i@source surveys are needed
to investigate stock distributions.

An extensive tagging studyay provide independent estimates of molting
probability and growthHistorical tagging dataere usedo determine the
size transition matrix.

An arbitrary 20% hndling mortality rate on discarded males was used,
which was obtained from the red king crab literature (Kretsal. 200Q
Siddeek 2002 An experimentd) basedndependent estimate of handling
mortality is needed folleutian Islandgyolden king crab.

ADF&G and heAleutianKing Crab Researchroundatiorrecently initiated

a cooperativecrab survey program in the Aleutian Islands. This program
needs to bstrengthened antbntinued for golden king cralesearcho fill

some ofthe data gapandestablish a fishery independent data saurce

It is unclear how the recent changes in environmental conditions in the
Bering Sea will affect golden king crab growth and survilamited
lengthweight data fromfecooperativesurvey and independent biological
sampling in2018and 202Grom WAG were used in the current assessment;
however more measurements are neettedh both regionso increase the
sample size to refine the lengtreightmodel

Morphometric maturity information was usedto determineMMB. The
ADF&G observer samplingdock side sampling, antboperativesurvey
programs collected male maturity data during 2018Kt6ugh 202/23.
Preliminary analysis on these dataas presentedin the previous
assessmenthe CPTpreviouslyrecommended to collect additional data on
small size crab sublega) to improve maturity fit. The maturity data
collection need to be continuedo accumulatemore measurements on
smallsizemalecrah

Morphometic measurements providesize at maturity. Ideally, an
experimental studyunder natural environmentonditiors is neededto
collect male size at functional maturity datéo determine functional
maturity size
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Table T1.Features of all model scenarios: Initial condition was estimated in year 1960 by the equilibrium condition; two setig of logis
total selectivity curves were used for the-pard postrationalization periodsa single retention curve was used for the Mtperiod;

and a commoM of 0.22 yr! was used. The effective sample sizes for size compositions were estimated in two stagédsaS ttge
number of vessel days trips and Stag®: as theFrancis reiteration method.

Model

CPUE Data Typeand Maturity Option

Period for Mean Number of Recruit
Calculation for (a) Initial Equilibrium
Abundance and (b) Reference Points
Estimations; and Remarks

22.9c(modified version
of theaccepted model
22_1le2in 2022;
implemented with up to
2022/23 datgstatus quo
model

221e2
22.1f

221g

22.1h

Observer data from 1995/08022/23; Fish ticket data from
1985/86 1998/99 Observer anfish ticket CPUE
standardization bthe negative binomiamodel; the knife

edge maturity size of 116 mm CL; and three catchability al

additional CVs duringl985 1998; 19952004; and 2005
2022.

22.9¢t GMACS implementation

22.1e2+ the observer CPUE data standardized including
Year:Area interactions GMACS implementation

22.1e2+ Observeindices from 1995/962014/15 +
cooperative survey indices from 2015/2622/23 (without
2020/21 missing data) GMACS implementation.

22 .1g+ the observer CPUE data standardized including
Year:Area interactions cooperative survey indices +

GMACS implementation.

1987 2017; CPT/SSC suggested status quo
model.
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Table 1. Commercial fishery history for the Aleutian Islands golden king crab fishery 19@082/22: number of vessels, guideli
harvest level (GHL; established in Ib, converted to t) for 1996/2004/05, total allowable catch (TAC; established in
converted to t ) for 2005/062022/23, weight of retained catch (harvest; t), number ofinetd crab, pot lifts, fishery catet
perunit- effort (CPUE; retained number of crab per pot lift), and average weight (kg) of landed crab. The values are :
by EAG andWAG beginning in 1996/97.

Crab Vessels GHL/TAC Harvest® Crab Pot Lifts CPUEP Average
Fishing Weight*
Season

1981/82 14 20 T 599 240,458 27,533 9 2.5
1982/83 991 148 T 4,169 1,737,109 179,472 10 2.4
1983/84 157204 T 4,508 1,773,262 256,393 7 2.5
1984/85 3851 T 2,132 971,274 88,821 11 2.Z
1985/86 53 T 5,776 2,816,313 236,601 12 2.1
1986/87 64 T 6,685 3,345,680 433,870 8 2.0
1987/88 66 T 4,199 2,177,229 307,130 7 1.9
1988/89 76 T 4,820 2,488,433 321,927 8 1.9
1989/90 68 T 5,453 2,902,913 357,803 8 1.9
1990/91 24 T 3,153 1,707,618 215,840 8 1.9
1991/92 20 T 3,494 1,847,398 234,857 8 1.9
1992/93 22 T 2,854 1,528,328 203,221 8 1.9
1993/94 21 T 2,518 1,397,530 234,654 6 1.8
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Crab Vessels GHL/TAC Harvest® Crab Pot Lifts CPUEP Average
Fishing Weight©
Season
1994/95 35 3,687 1,924,271 386,593 5 1.9
1995/96 28 3,157 1,582,333 293,021 5 2.0

EAG WAG EAG WAG EAG WAG EAG WAG EAG WAG EAG WAG EAG WAG
1996/97 14 13 1,452 1,225 1,493 1,145 731,909 602,968 113,460 99,267 7 6 2.04 1.91
1997/98 13 9 1,452 1,225 1,588 1,109 780,610 569,550 106,403 86,811 7 7 2.04 1.95
1998/99 14 3 1,361 1,225 1,473 768 740,011 410,018 83,378 35975 9 11 2.00 1.86
1999/00 15 15 1,361 1,225 1,392 1,256 709,332 676,558 79,129 107,040 9 6 195 1.86
2000/01 15 12 1,361 1,225 1,422 1,308 704,702 705,613 71,551 101,239 10 7 2.00 1.86
2001/02 19 9 1,361 1,225 1,442 1,243 730,030 686,738 62,639 105,512 12 7 2.00 1.871
2002/03 19 6 1,361 1,225 1,280 1,198 643,886 664,823 52,042 78,979 12 8 2.00 1.871
2003/04 18 6 1,361 1,225 1,350 1,220 643,074 676,633 58,883 66,236 11 10 209 1.871
2004/05 19 6 1,361 1,225 1,309 1,219 637,536 685,465 34,848 56,846 18 12 204 1.77
2005/06 7 3 1,361 1,225 1,300 1,204 623,971 639,368 24569 30,116 25 21 2.09 1.971
2006/07 6 4 1,361 1,225 1,357 1,030 650,587 527,734 26,195 26,870 25 20 2.09 1958
2007/08 4 3 1,361 1,225 1,356 1,142 633,253 600,595 22,653 29,950 28 20 213 1971
2008/09 3 3 1,361 1,286 1,426 1,150 666,946 587,661 24,466 26,200 27 22 213 1958
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EAG WAG EAG WAG EAG WAG EAG WAG EAG WAG EAG WAG EAG WAG
2009/10 3 3 1,429 1,286 1,429 1,253 679,886 628,332 29,298 26,489 26 24 2.09 200
2010/11 3 3 1,429 1,286 1,428 1,279 670,983 626,246 25,851 29,994 26 21 213 204
2011/12 3 3 1,429 1,286 1,429 1,276 668,828 616,118 17,915 26,326 37 23 213 2.09
2012/13 3 3 1,501 1,352 1,504 1,339 687,666 672,916 20,827 32,716 33 21 2.18 2.00
2013/14 3 3 1,501 1,352 1,546 1,347 720,220 686,883 21,388 41,835 34 16 213 1.95
2014/15 3 2 1,501 1,352 1,554 1,217 719,064 635,312 17,002 41,548 42 15 218 1.91
2015/16 3 2 1,501 1,352 1,590 1,139 763,604 615,355 19,376 41,108 39 15 2.09 1.88
2016/17 3 3 1501 1,014 1578 1,015 793,983 543,796 24,470 38,118 32 14 199 1.87
2017/18 3 3 1,501 1,014 1571 1,014 802,610 519,051 25,516 30,885 31 17 196 1.95
2018/19 3 3 1,749 1,134 1,830 1,135 940,336 578,221 25,553 29,156 37 20 195 196
2019/20 3 3 1,955 1,302 2,031 1,288 1,057,464 649,832 30,998 42924 34 15 192 1.98
2020/21 3 3 1,656 1,343 1,733 1,267 902,122 682,107 30,072 46,701 30 15 192 1.86
2021/22 3 3 1,637 1052 1,706 993 863,269 538,064 30,948 46,161 28 12 198 1.85
2022/23 3 3 1,506 785 1,585 784 811,282 427,696 21,600 32,786 38 13 195 1.83

Note:

Q@ = o a 0 T ®

- Includesdeadloss.

- Number of crab per pot lift.

- Average weight of landed crab, including dead loss.

- Managed with 6.5" carapace width (CW) minimum size limit.

- Managed with 6.5" CW minimum size limit west of 171° W longitude and 6.0" minimum size limit eB&t ©W longitude.
Managed with 6.0" minimum size limit.

- Catch and effort data include cost recovery fishery.
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Table 2.Annual weight of total fishery mortality to Aleutian Islands golden king crab, 19818P2/23,
partitioned by sourcef mortality: retained catch, bycatch mortality during crab fisheries, and bycatch
mortality during groundfish fisheries. For bycatch in the federal groundfish fisheries, historical datia (1991
2008) are not available for areas east and west of 174Wratidtad for federal groundfish reporting areas
541, 542, and 543 combined. The 20@®esent data are available by sepaEat& andWAG fisheries and

are listed as such. A mortality rate of 20% was applied for crab fisheries bycatch, and a mortalityQ#te

for groundfish pot fisheries and 80% for trawl fisheries were applied.

Bycatch Mortality by Fishery

Type (1)
Retained Catch Crab Groundfish Total Fishery Mortality (t)
(t)

Season EAG  WAG EAG  WAG EAG WAG EAG WAG Entire Al

1981/82 490 95 585

1982/83 1,260 2,655 3,914
1983/84 1,554 2,991 4,545
1984/85 1,839 424 2,263
1985/86 2,677 1,996 4,673
1986/87 2,798 4,200 6,998
1987/88 1,882 2,496 4,379
1988/89 2,382 2,441 4,823
1989/90 2,738 3,028 5,766
1990/91 1,623 1,621 3,244
1991/92 2,035 1,397 515 344 0 4,291
1992/93 2,112 1,025 1,206 373 0 4,716
1993/94 1,439 686 383 258 4 2,770
1994/95 2,044 1,540 687 823 1 5,095
1995/96 2,259 1,203 725 530 2 4,719
1996/97 1,738 1,259 485 439 5 3,926
1997/98 1,588 1,083 441 343 1 3,455
1998/99 1,473 955 434 285 1 3,149
1999/00 1,392 1,222 313 385 3 3,316
2000/01 1,422 1,342 82 437 2 3,285
2001/02 1,442 1,243 74 387 0 3,146
2002/03 1,280 1,198 52 303 18 2,850
2003/04 1,350 1,220 53 148 20 2,792
2004/05 1,309 1,219 41 143 1 2,715
2005/06 1,300 1,204 22 73 2 2,601
2006/07 1,357 1,022 28 81 18 2,506
2007/08 1,356 1,142 24 114 59 2,695
2008/09 1,426 1,150 61 102 33 2,772
2009/10 1,429 1,253 111 108 18 5 1,558 1,366 2,923
2010/11 1,428 1,279 123 124 49 3 1,600 1,407 3,006
2011/12 1,429 1,276 106 117 25 4 1,560 1,398 2,957
2012/13 1,504 1,339 118 145 9 6 1,631 1,491 3,122
2013/14 1,546 1,347 113 174 5 7 1,665 1,528 3,192
2014/15 1,554 1,217 127 175 9 5 1,691 1,397 3,088
2015/16 1,590 1,139 165 157 23 2 1,778 1,298 3,076
2016/17 1,578 1,015 203 145 95 4 1,877 1,164 3,041
2017/18 1,571 1,014 219 126 46 2 1,836 1,142 2,978
2018/19 1,830 1,135 240 140 24 3 2,094 1,278 3,372
2019/20 2,031 1,288 275 112 17 6 2,323 1,406 3,729
2020/21 1,733 1,267 241 147 125 6 2,100 1,420 3,519
2021/22 1,706 993 169 173 17 1 1,892 1,168 3,060
2022/23 1,585 784 125 112 5 1 1,715 897 2,612
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Table 2a.Time series of estimated total male catch (weight of crab on the deck without

applying any handling mortality) for theAG andWAG golden king crab stocks (199091

2022/23) . The crab weights ar addlengtiwdightéormrsila ze r ang
was used to predict weight at the npdint of each size binNA: no observer sampling to

compute catch.

v Total Catch Biomass (t) Total Catch Biomass (t)

ear EAG WAG
1990/91 3,981 3,982
1991/92 6,597 2,118
1992/93 5,436 1,039
1993/94 NA 3,601
1994/95 3,444 5,054
1995/96 4,641 2,619
1996/97 2,563 1,972
1997/98 2,977 1,892
1998/99 3,141 1,107
1999/00 2,606 2,178
2000/01 2,760 2,273
2001/02 2,238 2,155
2002/03 1,916 1,900
2003/04 1,902 1,867
2004/05 1,695 1,886
2005/06 1,742 1,796
2006/07 1,647 1,551
2007/08 1,820 1,614
2008/09 1,824 1,733
2009/10 1,770 1,690
2010/11 1,757 1,605
2011/12 1,781 1,517
2012/13 1,947 1,839
2013/14 1,852 1,919
2014/15 1,967 1,592
2015/16 2,136 1,565
2016/17 2,234 1,570
2017/18 2,339 1,437
2018/19 2,735 1,637
2019/20 3,033 1,714
2020/21 2,608 1,844
2021/22 2,427 1,612
2022/23* 1,732 1,068

*Incompletefishery data used

47



Table 3.Time series of nominal annual pot fishery retained, observer retained, and observer toja¢eatiheffort (CPUE, number

of crab per pot lift), total pot fishing effort (number of pot lifts), observer sample size (number of sampled pots), axstiGhaid
observer CPUE Indeffor nortinteraction modeljor theEAG andWAG golden king crab stocks, 1985i88122/23 Observer
nominalretained CPUE includes retained and-netained legakize crab.

Pot Fishery Effort

Pot Fishery : . . .
Nominal Retained Obs. Nominal Obs. Nominal Total (no.pot lifts) Obs. Sample Size ' ~bUE Index
Year CPUE Retained CPUE CPUE (no.pot lifts)
EAG WAG EAG WAG EAG WAG EAG WAG EAG WAG EAG WAG

1985/86 11.90 11.90 117,718 118,563
1986/87 8.42 7.32 155,240 277,780
1987/88 7.03 7.15 146,501 160,229
1988/89 7.52 7.93 155,518 166,409
1989/90 8.49 7.83 155,262 202,541
1990/91 8.90 7.00 6.84 8.34 13.00 28.40 106,281 108,533 138 340
1991/92 8.20 7.40 9.84 6.14 36.91 15.48 133,428 101,429 377 857
1992/93 8.40 5.90 10.44 4.26 38.52 11.36 133,778 69,443 199 690
1993/94 7.80 4.40 5.91 12.75 20.81 21.25 106,890 127,764 31 174
1994/95 5.90 4.10 4.66 6.62 12.91 19.52 191,455 195,138 127 1,270
1995/96 5.90 4.70 6.03 6.03 16.98 17.30 177,773 115,248 6,388 5,598 1.00 1.16
1996/97 6.50 6.10 6.02 5.90 13.81 14.85 113,460 99,267 8,360 7,194 0.94 0.98
1997/98 7.30 6.60 7.99 6.72 18.25 15.54 106,403 86,811 4,670 3,985 0.87 0.98
1998/99 8.90 11.40 9.82 9.43 25.77 23.09 83,378 35,975 3,616 1,876 1.00 1.09
1999/00 9.00 6.30 10.28 6.09 20.77 14.83 79,129 107,040 3,851 4,523 0.92 0.91
2000/01 9.90 7.00 10.40 6.46 25.39 16.76 71,551 101,239 5,043 4,740 0.82 0.84
2001/02 11.70 6.50 11.73 6.04 22.48 14.70 62,639 105,512 4,626 4,454 1.04 0.82
2002/03 12.40 8.40 12.70 7.47 22.59 17.37 52,042 78,979 3,980 2,509 1.10 0.91
2003/04 10.90 10.20 11.34 9.33 19.43 18.21 58,883 66,236 3,960 3,334 0.97 1.16
2004/05 18.30 12.10 18.34 11.14 28.48 22.44 34,848 56,846 2,206 2,619 1.44 1.25
2005/06 25.40 21.20 29.52 23.68 38.55 35.87 24,569 30,116 1,193 1,365 0.97 1.24
2006/07 24.80 19.60 25.13 23.96 33.39 33.41 26,195 26,870 1,098 1,183 0.78 1.16
2007/08 28.00 20.00 31.10 21.04 40.38 32.46 22,653 29,950 998 1,082 0.87 1.04
2008/09 27.30 22.40 29.97 24.53 38.23 38.12 24,466 26,200 613 979 0.87 1.20
2009/10 25.90 23.70 26.60 26.53 35.88 34.05 26,298 26,489 408 892 0.72 1.26
2010/11 26.00 20.90 26.40 22.39 37.10 29.10 25,851 29,994 436 867 0.74 1.08
2011/12 37.30 23.40 39.48 23.71 52.04 31.04 17,915 26,326 361 837 1.06 1.15
2012/13 33.02 20.57 37.82 22.86 47.57 30.80 20,827 32,716 438 1,109 1.02 1.19
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2013/14
2014/15
2015/16
2016/17
2017/18
2018/19
2019/20
2020/21
2021/22
2022/23*

33.67
42.29
39.41
32.45
31.46
36.80
34.11
30.00
27.89
36.49

16.42
15.29
14.97
14.29
16.81
19.83
15.10
14.61
11.66
13.22

35.94
47.01
43.27
36.89
35.18
41.57
40.88
36.40
33.56
46.94

16.93
15.28
15.82
16.73
19.28
22.84
16.30
15.66
13.43
14.19

46.16
60.00
58.68
52.82
54.62
62.97
57.46
51.58
42.83
56.79

C1 AIGKC SAFE

24.95
22.64
22.22
24.31
25.53
30.61
22.73
22.73
20.88
21.04

JUNE 2023

21,388
17,002
19,376
24,470
25,516
25,553
30,998
30,072
30,948
20,875

41,835
41,548
41,108
38,118
30,885
29,156
42,963
46,701
46,161
32,786

499
376
478
617
585
475
540
567
478
174

1,223
1,137
1,296
1,060
760
688
967
1,137
858
805

1.00
1.32
1.28
1.05
1.00
1.22
1.15
1.04
0.93
1.27

0.85
0.81
0.79
0.90
1.04
1.30
0.99
0.92
0.72
0.70

* Incompletefishery data used
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Table 4.Time series ohegative binomiaGLM estimated CPUE indices andefficient
of variation(CV) for the fish ticket based retained cafmr-pot lift for the EAG golden
king crab stockThe GLM was fitted to the 1985/86 to 1998/99 time series of data.

CPUE

CcVv
Year Index
1985/86 | 1.63 0.03
1986/87 | 1.23 0.04
1987/88 | 0.96 0.05
1988/89 | 1.04 0.04
1989/90 | 1.08 0.03
1990/91 | 0.99 0.05
1991/92 | 0.90 0.05
1992/93 | 0.92 0.05
1993/94 | 0.91 0.05
1994/95 | 0.81 0.05
1995/96 | 0.78 0.06
1996/97 | 0.78 0.06
1997/98 | 1.05 0.04
1998/99 | 1.21 0.04
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Table 5.Initial input number ofvesseldays/trips andStage2 effective sample sizes
iteratively estimated bghe Francis method for retained, total, and groundfish discard catch
size compositions of golden king crab foodel 22.9dit to EAG data. NA: not available.

Year Initial Stage2 Initial  Stage2 Initial Stage?2
Input  Retained Input Total Input Groundfish
Retained Effective Total Effective Groundfish  Effective
Vessel Sample Vessel Sample Trip Sample
Days Size(no) Days Size (no) Sample Size (no)
Sample Sample Size (no)
Size (no) Size
(no)
1985/86 57 42
1986/87 11 8
1987/88 61 45
1988/89 352 260
1989/90 792 584 9 4
1990/91 163 120 22 12 13 6
1991/92 140 103 48 25 NA NA
1992/93 49 36 41 22 2 1
1993/94 340 251 NA NA 2 1
1994/95 319 235 34 18 4 2
1995/96 879 648 1,117 590 5 2
1996/97 547 403 509 269 4 2
1997/98 538 397 711 375 8 4
1998/99 541 399 574 303 15 7
1999/00 463 342 607 321 14 7
2000/01 436 322 495 261 16 8
2001/02 488 360 510 269 13 6
2002/03 406 299 438 231 15 7
2003/04 405 299 416 220 17 8
2004/05 280 207 299 158 10 5
2005/06 266 196 232 123 12 6
2006/07 234 173 143 76 14 7
2007/08 199 147 134 71 17 8
2008/09 197 145 113 60 15 7
2009/10 170 125 95 50 16 8
2010/11 183 135 108 57 26 13
2011/12 160 118 107 57 13 6
2012/13 187 138 99 52 18 9
2013/14 193 142 122 64 17 8
2014/15 168 124 99 52 16 8
2015/16 190 140 125 66 10 5
2016/17 247 182 155 82 12 6
2017/18 224 165 133 70 12 6
2018/19 256 189 234 124 9 4
2019/20 242 178 148 78 8 4
2020/21 227 167 155 82 6 3
2021/22 271 200 138 73 15 7
2022/23 161 119 44 23 8 4
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Table 6. @mparison of prameter estimatemndthe 222 MMB (MMB estimatedon 15 Feb 2P3) for modek 22.9¢, 22.1e2, 22.1f,
22.1g, and 21.1for the golden king crab data froBAG, 1985/862022/23 Recruitment and fishing mortality deviations and initial
size frequency determination parameters were omitted from thiBdistmeter estimates for all models except 22.9c are from GMACS
fits. Model 22.9c estimates are listed with the CVs.

Model 22.9c¢ Model 22.1e2 Model 22.1f Model 22.1g Model 22.1h Model 22.9¢

Parameter Estimate CV Estimate Estimate Estimate Estimate Limits
log_wi ( growth incr. intercept) 2,513  0.007 2.513 2.518 2,518 2.518 1.0,45
w2 ( growth incr. slope) -12.951  0.129 -12.947 -12.177 -12.132 -12.146 -15.0,5.0
log_a (moltprob. slope) -2.542  0.020 -2.542 -2.537 -2.540 -2.537 -4.61,-1.39
log_b (molt prob. L50) 4952  0.001 4.952 4.953 4.953 4.953 3.869, 5.05
s (growth variability std) 3.681  0.026 3.681 3.678 3.679 3.679 0.1,12.0
log_total sel deltg, 1985 04 4238  0.029 4.237 4.137 4.128 4.132 0.0,4.4
log_ total sel delig 2005 22 3.186  0.018 3.186 3.168 3.176 3.171 0.0, 4.4
log_ ret. sel delig 1985 22 1.867  0.019 1.867 1.863 1.863 1.863 0.0,4.4
log_tot selgso, 1985 04 4798  0.009 4.798 4.786 4.783 4.786 4.0,5.0
log_tot selgso, 2005 22 4917  0.002 4.917 4.914 4.917 4.915 4.0,5.0
log_ret. sebjso, 1985 22 4916  0.000 4.916 4.916 4.916 4.916 4.0,5.0
| o g (reb.distribution par.) 0.480  0.650 0.480 0.394 0.397 0.392 -12.0, 12.0
logql (fishery catchability, 19898) -0.469  0.187 -0.469 -0.478 -0.479 -0.478 -9.0,2.25
logg2 (fishery/observer catchability,
1985 04) -0.624  0.178 -0.625 -0.626 -0.620 -0.629 -9.0,2.25
logg3 (observer catchability, 20052) -0.806  0.142 -0.805 -0.804 0814 -0.812 -9.0,2.25
log_mean_rec (mean rec.) 0.883  0.046 1.008 1.006 0.990 0.994 0.01,5.0
log_mean_Fpot (Pot fishery F) -1.005  0.070 -1.005 -1.017 -0.991 -1.003 -15.0,-0.01
log_mean_Fground (GF byc. F) -8.431  0.082 -8.431 -8.431 -8.404 -8.412 -15.0,-1.6
1 1™p (fishery CPUE additional std, 80.1.0
1985 98) -1.629  0.136 -1.622 -1.596 -1.590 -1.595 e
I 1" (fishery/observer CPUE
additional std, 198%4) -1.489  0.166 -1.489 -2.170 -1.504 -2.169 -8.0,0.15
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I 1°Y08 (observer CPUE additional std,
2005 22)
2022 MMB

-1.427
9,059

0.140
0.18

-1.428
9,055

C1 AIGKC SAFE
JUNE 2023

-1.600
8,981

-1.299
7,864

-1.351
7,765

-8.0, 0.15
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Table 7.Annual abundance estimates of model recruits (millions of crab), legal male biomass (t)
with coefficient of variations (CV)and mature male biomass (t) with CV foodel 22.9c¢for

golden king crab ifEAG. Legal male biomass was estimated on Ju{gtart of fishing year) of
fishing year y. Mature male biomass for fishing year y was estimated on February 15 of year y+1,
after the year y fishery total catch removREcruits estimates for 1961 to 2023 are restricted to
1985 2023. Equilibrium MMByandMMB ss.are also listed.

Recruits to the Mature Male Legal Size Male
Year | Model ( Biomass cVv Bi omass cVv
mm CL) ( GmmCL) mm CL)
MMB q=21,415
MM535%=6,665

1985 2.13 9,350 0.04 10,380 0.05
1986 1.38 7,254 0.04 8,543 0.04
1987 2.18 6,242 0.04 6,629 0.04
1988 5.92 5,931 0.05 5,658 0.04
1989 1.55 5,607 0.06 4,854 0.05
1990 3.25 5,662 0.05 4,613 0.06
1991 3.30 5,765 0.04 4,908 0.05
1992 2.92 5,741 0.04 4,884 0.05
1993 2.32 6,161 0.04 4,871 0.04
1994 2.52 5,758 0.04 5,392 0.03
1995 2.67 5,192 0.04 5,052 0.03
1996 1.95 5,205 0.05 4,468 0.04
1997 3.18 5,356 0.05 4,539 0.05
1998 3.11 6,035 0.06 4,624 0.05
1999 2.86 6,810 0.06 5,157 0.06
2000 3.23 7,544 0.06 5,931 0.06
2001 1.95 8,036 0.07 6,644 0.06
2002 2.52 8,229 0.07 7,241 0.07
2003 1.97 8,315 0.07 7,523 0.07
2004 1.62 8,078 0.08 7,620 0.07
2005 3.20 7,989 0.08 7,479 0.08
2006 2.48 8,364 0.07 7,237 0.08
2007 2.03 8,484 0.07 7,473 0.08
2008 2.75 8,471 0.07 7,712 0.07
2009 241 8,616 0.07 7,697 0.07
2010 2.05 8,597 0.06 7,795 0.07
2011 2.02 8,350 0.06 7,851 0.06
2012 1.93 7,966 0.06 7,670 0.06
2013 1.86 7,488 0.06 7,313 0.06
2014 2.26 7,111 0.06 6,858 0.06
2015 3.02 7,033 0.07 6,446 0.06
2016 3.06 7,368 0.07 6,220 0.07
2017 3.37 7,957 0.08 6,432 0.07
2018 4.05 8,660 0.09 6,956 0.08
2019 3.12 9,246 0.11 7,530 0.09
2020 2.70 9,646 0.13 8,128 0.11
2021 1.86 9,465 0.16 8,700 0.13
2022 2.20 9,059 0.18 8,711 0.16
2023 2.42
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Table 8.Annual abundance estimates of model recruits (millions of crab) and mature
male biomass (tydém GMACS implementation omodels 22.1e2, 22.1f, 22.1and
22.1hfor golden king crab i AG. Estimates are restricted to 19@922.

22.1e2 22.1e2 22.1f 22. 1 22.19g 22.1g | 22.1h | 22.1h
Recruits | Mature | Recruits | Mature | Recruits | Mature | RECIUItS| Mature
to the Male to the Male to the Male tothe | Male

Year | Mo d e || Biomass | Mg d e || Biomass| podel( | Biomass Model (| Biomass
101 mm . 101 mm ; O 10 ; O 1€ ;

( @ ( @ ( @ mm ( @

CL) mm CL) CL) mm CL) | MM CL) | mm cL) cL) |mmcCL)
1985 1.38 9,350 1.33 9,330 1.32 9,311 1.32 9,330
1986 2.18 7,254 2.19 7,235 2.18 7,223 2.18 7,235
1987 5.93 6,242 5.99 6,206 6.00 6,193 6.01 6,202
1988 1.55 5,930 1.54 5,895 1.53 5,884 1.53 5,894
1989 3.25 5,607 3.20 5,593 3.20 5,581 3.19 5,596
1990 3.30 5,663 3.44 5,635 3.45 5,621 3.45 5,635
1991 2.92 5,766 2.84 5,748 2.85 5,735 2.84 5,748
1992 2.32 5,743 2.26 5,758 2.28 5,751 2.26 5,760
1993 2.52 6,163 2.48 6,145 2.45 6,149 2.48 6,147
1994 2.67 5,761 2.65 5,709 2.64 5,717 2.66 5,709
1995 1.95 5,194 1.88 5,117 1.86 5,112 1.88 5,116
1996 3.18 5,208 3.22 5,106 3.20 5,089 3.22 5,107
1997 3.11 5,359 3.05 5,236 3.02 5,203 3.06 5,239
1998 2.86 6,038 2.91 5,912 2.86 5,860 2.91 5,918
1999 3.23 6,814 3.27 6,680 3.24 6,601 3.28 6,692
2000 1.95 7,547 1.96 7,445 1.93 7,336 1.97 7,465
2001 2.52 8,039 2.62 7,971 2.55 7,840 2.64 8,000
2002 1.97 8,233 2.04 8,208 2.04 8,048 2.06 8,248
2003 1.62 8,318 1.66 8,369 1.68 8,184 1.68 8,425
2004 3.20 8,080 3.09 8,191 3.15 8,022 3.13 8,263
2005 2.48 7,991 2.56 8,096 2.55 7,968 2.58 8,186
2006 2.03 8,366 2.06 8,433 2.04 8,350 2.06 8,542
2007 2.75 8,487 2.79 8,578 2.78 8,507 2.77 8,689
2008 2.41 8,474 2.36 8,582 2.32 8,513 2.31 8,680
2009 2.05 8,618 2.01 8,723 1.96 8,648 1.97 8,788
2010 2.02 8,599 2.07 8,664 2.01 8,569 2.02 8,681
2011 1.93 8,352 1.95 8,397 1.88 8,271 1.89 8,367
2012 1.86 7,969 1.82 8,030 1.77 7,862 1.78 7,947
2013 2.26 7,490 2.26 7,549 2.21 7,343 2.21 7,419
2014 3.02 7,113 3.03 7,150 2.97 6,915 2.97 6,986
2015 3.06 7,036 3.04 7,062 2.84 6,800 2.84 6,866
2016 3.37 7,370 3.33 7,386 3.11 7,058 3.09 7,118
2017 4.05 7,958 4.06 7,945 3.85 7,482 3.82 7,527
2018 3.12 8,660 3.04 8,620 2.72 8,006 2.68 8,027
2019 2.70 9,245 2.65 9,183 2.38 8,397 2.34 8,386
2020 1.86 9,644 1.92 9,535 1.80 8,558 1.78 8,506
2021 2.20 9,462 2.24 9,346 2.17 8,247 2.17 8,162
2022 2.42 9,055 2.41 8,981 2.38 7,864 2.38 7,765
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Table 9.Negativelog-likelihood values of the fits fomodel 22.9qwith additional 2022/23 dataand GMACS implementation of
models 22.1e2, 22.1f, 22.1gnd 21.1hfor golden king crab ireAG. Likelihood components with zero entry in the entire rows are
omitted. RetdcatchB- retained catch biomass.

Likelihood Component Model 22.9c  Model 22.1e2 Model 22.1f 22.19g 22.1h
Retlencomp 286.2230 286.2369 265.4302 262.7069 262.3774
Totallencomp 520.2600 520.2876 553.999 555.5594 554.3931
Observer cpue -26.7588 -26.7606 -32.6846 -23.8624 -28.4356
Fishery cpue -15.5853 -15.5297 -15.1827 -15.1038 -15.177
RetdcatchB -421.9470 -421.953 -422.049 -422.125 -422.053
TotalcatchB -40.9361 -40.9455 -41.384 -41.4766 -41.3155
GdiscdcatchB 30.3249 30.32492 30.3248 30.3248 30.3247
Rec_dev 22.7112 20.7514 20.8089 20.6410 20.6312
Pot F_dev 0.0135

Gbyc_F_dev 0.0239

Sum (Pot F_dev+ Gbyc_F_dev) 0.0374 0.0373 0.0371 0.0371 0.0373
Tag 2701.2600 2701.2579 2700.409 2700.569 2700.389
Total 3055.5900 3079.431812  3085.433 3092.9951  3086.8961




Table 10. Tme series of negative binomial GLM estimated CPUE indices and coefficient
of variations (CV) for the fish ticket based retained cgtehpot lift for the WAG golden

king crab stockThe GLM was fitted to the 1985/86 to 1998/99 time series of data. GLM
predictor variables were selected by R square criteria.

CPUE cV
Year IndeX

1985/86 2.07 0.02
1986/87 1.59 0.03
1987/88 1.22 0.04
1988/89 141 0.02
1989/90 1.15 0.02
1990/91 0.87 0.04
1991/92 0.76 0.05
1992/93 0.61 0.07
1993/94 0.76 0.07
1994/95 0.83 0.04
1995/96 0.90 0.04
1996/97 0.84 0.04
1997/98 0.76 0.04
1998/99 1.06 0.03
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Table 11 Initial input number offesseldays/trips andtage?2 effective sample sizes
iteratively estimated bthe Francis method for retained, total, and groundfish discard
catch size compositions of golden king crabrfardel 22.9dit to WAG data. NA: not
availabe.

Year Initial Stage2 |Initial Stage2 Initial Stage?2
Input  Retained Input Total Input Groundfish
Retained Effective Total Effective Groundfish  Effective
Vessel Sample Vessel Sample Trip Sample
Days Size (no) Days Size (no) Sample Size (no)
Sample Sample Size (no)
Size (no) Size
(no)
1985/86 45 20
1986/87 23 10
1987/88 8 4
1988/89 286 128
1989/90 513 229 7 3
1990/91 205 92 190 108 6 3
1991/92 102 46 104 59 1 1
1992/93 76 34 94 53 3 1
1993/94 378 169 62 35 NA NA
1994/95 367 164 119 68 2 1
1995/96 705 315 907 516 5 2
1996/97 817 365 1,061 603 8 4
1997/98 984 440 1,116 635 6 3
1998/99 613 274 638 363 14 7
1999/00 915 409 1,155 657 18 9
2000/01 1,029 460 1,205 685 11 5
2001/02 898 402 975 555 11 5
2002/03 628 281 675 384 16 8
2003/04 688 308 700 398 8 4
2004/05 449 201 488 278 9 4
2005/06 337 151 220 125 6 3
2006/07 337 151 321 183 14 7
2007/08 276 123 257 146 17 8
2008/09 318 142 258 147 19 9
2009/10 362 162 292 166 24 12
2010/11 328 147 222 126 13 6
2011/12 295 132 252 143 14 7
2012/13 288 129 241 137 18 9
2013/14 327 146 236 134 17 8
2014/15 305 136 219 125 18 9
2015/16 287 128 243 138 10 5
2016/17 408 183 253 144 12 6
2017/18 309 138 222 126 10 5
2018/19 291 130 318 181 5 2
2019/20 363 162 224 127 6 3
2020/21 462 207 302 172 7 3
2021/22 446 199 247 140 4 2
2022/23 296 132 195 111 5 2
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Table 12 Comparison of grameter estimatesmdthe 2@2MMB (MMB estimatedn 15 Feb 2P3) for modek22.9c¢, 22.1e2, and 22.1f
for the golden king crab data fromiAG, 1985/862022/23 Recruitment and fishing mortality deviations and initial size frequency
determination parameters were omitted from this Rstrameter estimates for all models except 2a8r8@drom GMACS fits. Model
22.9c estimates are listed with the CVs.

Model 22.9c Model 22.1e2  Model 22.1f Model 22.9c
Parameter Estimate CV Estimate Estimate Limits

log_w: ( growth incr. intercept) 2.506 0.007 2.506 2.518 1.0,45
w2 ( growthincr. slope) -13.156  0.124 -13.156 -11.550 -15.0, 5.0
log_a (molt prob. slope) -2.706 0.022 -2.706 -2.693 -4.61,-1.39
log_b (molt prob. L50) 4.951 0.001 4.951 4.952 3.869, 5.05
s (growth variability std) 3.672 0.026 3.672 3.667 0.1, 12.0
log_total sel deltg, 198504 3.979 0.015 3.978 3.857 0.0,4.4
log_ total sel delig, 2005 22 3.069 0.014 3.069 3.062 0.0,4.4
log_ ret. sel delig 1985 22 1.708 0.024 1.708 1.705 0.0,4.4
log_tot selgso, 1985 04 4.909 0.005 4.909 4.885 4.0,5.0
log_tot selgso, 2005 22 4.904 0.001 4.904 4.902 4.0,5.0
log_ret. sebjso, 1985 22 4913  0.0002 4.913 4.913 4.0,5.0
| o g (reb.distribution par.) -0.074 2.104 -0.074 -0.211 -12.0, 12.0
logq1 (fishery catchability, 19898) 0.040 1.930 0.039 -0.015 -9.0,2.25
logg2 (fishery/observer catchability, 19&8!) 0.089 1.160 0.087 0.045 -9.0,2.25
logg3 (observer catchability, 20022) -0.315  0.243 -0.316 -0.310 -9.0,2.25
log_mean_rec (mean rec.) 0.700 0.054 0.825 0.819 0.01,5.0
log_mean_Fpot (Pot fishery F) -0.695  0.082 -0.696 -0.723 -15.0,-0.01
log_mean_Fground (GF byc. F) -8.174  0.085 -8.175 -8.172 -15.0,-1.6
I 1"gp (fishery CPUE additional std, 19838) -1.938  0.134 -1.955 -1.964 -8.0, 1.0
1 1™gQ (fishery/observer CPUE additional std, 1968)

-1.496 0.165 -1.494 -1.587 -8.0, 0.15
I 1"Y08 (observer CPUE additional std, 2002%)

-2.135 0.100 -2.124 -2.047 -8.0, 0.15
2022 MMB 4,495 0.13 4,545 4,288
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Table 13. Anual abundance estimates of model recruits (millions of crab), legal male biomass (t)
with coefficient of variations (CV)and mature male biomass (t) with CV foodel 22.9c¢for

golden king crab iWWAG. Legal male biomass was estimated on July 1 (stdislong year) of

fishing year y. Mature male biomass for fishing year y was estimated on February 15 of year y+1,
after the year y fishery total catch removREcruits estimates for 1961 to 2023 are restricted to
1985 2023. Equilibrium MMByand MMBss«.are also listed.

Recruits to the  \ature Male Biomass Legal Size Male
Year Model ( i Ccv Bi omass Ccv
mm CL) (0 116 m mm CL)
MMB ¢q=17,757
MMB35%:4,960

1985 3.56 9,969 0.05 9,329 0.08
1986 3.85 7,482 0.05 8,761 0.06
1987 2.89 7,050 0.04 6,236 0.06
1988 1.95 6,163 0.04 5,877 0.04
1989 2.38 4,225 0.04 5,246 0.04
1990 1.83 3,893 0.04 3,473 0.05
1991 1.35 3,602 0.04 3,191 0.04
1992 1.58 3,516 0.04 3,024 0.04
1993 2.34 4,051 0.03 3,000 0.04
1994 1.91 3,687 0.03 3,421 0.03
1995 2.00 3,723 0.04 2,994 0.03
1996 1.68 3,727 0.04 3,056 0.03
1997 1.94 3,812 0.04 3,096 0.03
1998 1.95 4,166 0.04 3,195 0.04
1999 2.35 4,249 0.04 3,612 0.03
2000 2.53 4,441 0.05 3,536 0.04
2001 2.40 4,849 0.05 3,644 0.04
2002 2.70 5,374 0.05 4,017 0.05
2003 1.39 5,683 0.05 4,509 0.05
2004 2.25 5,588 0.06 4,926 0.05
2005 2.50 5,837 0.06 4,926 0.06
2006 2.29 6,389 0.05 5,040 0.06
2007 2.17 6,626 0.05 5,631 0.05
2008 151 6,634 0.05 5,796 0.05
2009 1.72 6,210 0.05 5,914 0.05
2010 1.82 5,871 0.05 5,584 0.05
2011 1.28 5,473 0.04 5,228 0.05
2012 1.74 4,882 0.05 4,874 0.04
2013 2.20 4,570 0.05 4,314 0.05
2014 1.95 4,696 0.05 3,896 0.05
2015 1.64 4,803 0.05 3,959 0.05
2016 1.66 4,893 0.05 4,121 0.05
2017 1.39 4,884 0.05 4,271 0.05
2018 1.57 4,633 0.05 4,311 0.05
2019 1.65 4,318 0.06 4,084 0.05
2020 1.76 4,041 0.08 3,742 0.06
2021 1.67 4,158 0.10 3,433 0.08
2022 1.64 4,495 0.13 3,539 0.10
2023 2.01
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Table 14 Annual abundance estimates of model recruits (millions of crab) and mature male
biomass (t) from GMACS implementation afiodels 22.1eand22.1ffor golden king crab in
WAG. Estimates are restricted to 198622.

22.1e2 22.1e2 22.1f 22.1f
Recruits to the Mode| Mature Male Biomass Recruits to the Mode| Mature Male Biomass
Year < . < .
( O 101 1 ( 6 116 n ( O 101 1 ( 0 116 n

1985 3.85 9,937 3.81 9,966
1986 2.89 7,477 2.89 7,462
1987 1.95 7,052 1.91 7,017
1988 2.38 6,166 2.56 6,127
1989 1.84 4,229 1.76 4,210
1990 1.35 3,899 131 3,936
1991 1.58 3,609 1.62 3,622
1992 2.35 3,521 241 3,523
1993 1.91 4,054 1.89 4,075
1994 2.00 3,690 1.94 3,734
1995 1.68 3,726 1.72 3,751
1996 1.94 3,731 1.94 3,736
1997 1.95 3,816 1.86 3,830
1998 2.35 4,169 2.37 4,159
1999 2.53 4,252 2.45 4,196
2000 241 4,445 2.49 4,363
2001 2.70 4,853 2.75 4,750
2002 1.39 5,378 157 5,313
2003 2.25 5,687 2.49 5,704
2004 2.51 5,591 2.51 5,756
2005 2.29 5,840 2.33 6,130
2006 2.17 6,393 2.10 6,708
2007 1.51 6,629 1.37 6,932
2008 1.72 6,636 1.61 6,858
2009 1.82 6,213 1.82 6,313
2010 1.28 5,874 1.26 5,879
2011 1.74 5,476 1.70 5,446
2012 2.20 4,885 2.28 4,822
2013 1.95 4,574 1.92 4,497
2014 1.65 4,701 1.57 4,649
2015 1.67 4,808 1.52 4,736
2016 1.39 4,899 1.39 4,760
2017 1.58 4,891 1.59 4,684
2018 1.66 4,641 1.63 4,433
2019 1.78 4,333 1.73 4,131
2020 1.68 4,067 1.61 3,853
2021 1.65 4,199 1.68 3,958
2022 2.01 4,545 2.00 4,288
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Table 15. Negativdog-likelihood values of the fits fomodel 22.9c(with additional
2022/23 datg)and GMACS implementation of models 22.1e2 and 2drifolden king
crab in WAG. Likelihood components with zero entry in the entire rows are omitted.
RetdcatchB-= retainedcatch biomass.

Likelihood Component Model 22.9c  Model 22.1e2 Model 22.1f
Retlencomp 363.7120 363.8280 313.3108
Totallencomp 435.9380 436.0861 478.6189
Observer cpue -38.6873 -38.5262 -37.7272
Fishery cpue -19.6942 -19.8406 -19.9340
RetdcatchB -420.4380 -420.436 -420.458
TotalcatchB 14.1469 14.13333 12.9985
GdiscdcatchB 30.3262 30.32618 30.3258
Rec_dev 21.5391 19.5703 20.0221
Pot F_dev 0.0264

Gbyc_F _dev 0.0428

Sum (Pot F_dev+ Gbyc F_dev) 0.0692 0.0692 0.0692
Tag 2705.5800 2705.561 2703.436
Total 3092.5000 3115.8015 3105.693
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Figure 3. Percent of total 1981/82995/96 golden king crab retained catch weight
(harvest) from onelegree longitude intervals in the Aleutian Islands, with dotted line
denoting the border at 171° W longitude used during the 198¥%85/96 seasons to

divide fisrery management between the Dutch Harbor Area (east of 171° W longitude) and
the Adak Area (west of 171° W longitude) and solid line denoting the border at 174° W
longitude used since the 1996/97 season to manage crab east and west of 174° W longitude
(adaped from Figure € in Morrisonet al. 1998).
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Figure 5.Average golden king crab CPUE (kg/nm2) for tows, number of tows, and
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Figure 6.Historical commercial harvest (from fish tickets; metric tot@al allowable catch (TACand catckperunit effort (CPUE,
number of crab per pot lift) of golden king crabEAG, 1985/86 2022/23 (note: 1985 refers to the 1985/86 fishing year).

67



WAG Harvest

40001 :\

_ 4

-t 4

S

- / \ Harvest

v 3000 1 [

(] + \ l\

E : / L ]

] 4 \

T o

~ 20001 ‘\

< [ N

—
X N T 5 (o =
N = == -~ s — o
10001 v e N/ =3
v ’

wn w0 ~ (oo} (92} o =  Od [v2] < wn w0 ~ «© (92} o = O (3] < wn [{e} ~ [oo] (92} o o o~ (321 < wn w ~ 0 D o - N
o] (<o) o] [es] [<e] (92} o o [} (o2} (92} (92} [} (2] (9] o o o o o o o o o o - - - - - ~— — -~ - -~ N o N
(9] (92} o o (9] (9] o o (9] (92} (9] (9] (9] [} [} o o O o o o o o o o o o o o o o o o o o o o o
- -— ~— - - - -— - - - - - - - -~ N N N N N N N N N N N N N N N o o~ N N N o o o

201

—

]

(=]

s

1]

- }

o

O 101

5.
——————— —— —r——r— T 7 — 7 — T — 7 — T — T — T — T T— T T T—T—T—T— T
Lo} [(e} N~ o0} (92 o s N (s} < 0 [Co} ~ [ee] (2] o ! =) N (s < [{o] [{e] ~ [eo} (2] o S 5t ('] o < (Lo} w ~ oo} (9] o .. N
o] [ee] o] [ee] [ee] (2] (2] D (22} (o2} (92} (2] (o2} (o2} (2} o o o o o o o o o o = <« = \ ) C ) - - - N, e N N o
(03] (0] (2] (03] (0] ()] (9] (0] ()] (] (9] [} (9] (9] [} o o o o o o o o o o o o o o o o o o o o o o o
s S L s S L s S L e S L e = L N N N N N N N N N N N N N N N N N N N N N N N

Season

Figure 7.Historical commercial harvest (from fish tickets; metric torn®yal allowable catch (TACgnd catckperunit effort (CPUE,
number of crab per pot lift) of golden king crab/itAG, 1985/862022/23(note: 1985 refers to the 1985/86 fishing year).
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Figure 17. Bubble plot of standardized residuals of retained catch length composition for
model 22.9dit to theEAG golden king cralolatg 1985/86 2022/23. Green circles are the
positive and pink circles are the negative standardized residuals. The area of the circle is
the relative magnitude of the residual.
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Figure 18. Bubble plot of standardized residuals of total catch lengthposition for
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Figure 21 Trends in pofishery full selection total fishing mortality of ga&d king crab for models 22.9¢ (blue), 22.1e2 (red), 22.1f
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Figure 31 Bubble plot of standardized residuals of retained catch length composition for
model 2.9cfit to the WAG golden king crab data, 1985i8822/23. Green circles are

the positive and pink circles are the negative standardiseduals. The area of the circle

is the relativenagnitude of the residual.
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error.
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Appendix A: Integrated model

Aleutian Islands Golden King Craliithodes aequispinysStock Assessment Model
Developmenteast of 174 W (EAG) and west of 174W (WAG) Aleutian Island stocks

Basic population dynamics

The annual [male] abundances by size are modeled using the equation:
0 5 B 05Q O0r Op "Yip Q O Y § (A.1)

where U p is the number of [male] crab in length clasm 1 July (start of fishing year)

of yeart; 6ROy PAT A j are respectively the predicted fishery retained, pot fishery
discard dead, and groundfish fishery discard dead estmaés in length classduring
yeart; Oy, is estimated from the intermediate taofa; ) catch and the retained f)
catch by Equation A.2&y; is the probability of legth-classi growing into lengtkclass;
during the yeary: is elapsed time period from 1 July to the midpoint of fishing period in
yeart; M is instantaneous rate of natural mortality; and  recruitment to length clags

in yeart+1.

The catch are predicted using the equations

“Yir: —h“ 0pFQ p Q 6 (A.2a)
6 “ﬁ I o N I O N (A.2b)
Or ™8 "Yai O (A.2¢)
Vi Tu— 052 p Q (A.2d)
Y5 6F O (A.2¢e)

where @ is total fisheryrelated mortality on animals in lengtiassj during yeatt:
@p Opipg MOyp iy T1UOI (A.3)

"Ais the full selection fishing mortality in the pot fishei®, is the full selection fishing
mortality in the trawl fisheryj, ; is the total selectivity for animals in lengthass) by the

pot fishery during yeat, i is the selectivity for animals in lengtihassj by the trawl
fishery,i  is the probability of retention for animals in lengtlassj by the pot fishery

96



during yeart. Pot bycatch mortality of 0.2 and groundfish bycatch mortality of 0.65
(averageof trawl [0.8] andgroundish pot[0.5 mortality) were assumed.

Initial abundance
The initial conditions are computed as the equilibrium initial condition using the following
relations:

The equilibrium stock abundance is
N=XS.N+R (A.4)

The equilibrium abundance in 196,60 IS

1] 0O Y'Y (A.5)
whereX is the growth matrixSis a matrix with diagonal elements given 6 , | is the
identity matrix, andY is the product of average recruitment and relative proportion of total
recruitment to each sizdass.

We used the mean number of recruits from 1987 t@ 20®quation (A.5) to obtain the
equilibrium solution under only natural mortality in year 1960, and then projected the
equilibrium abundance under natural mortality with recruitment estimated dbryear

after 1960 up to 1985 with removal of retained catch during 1981982/85.

Growth Matrix
The growth matrixXX is modeled as follows:

T N0 Q
O Or p «a Q0 Q (A.6)
05 N0 Q

0 s h Qo U Q
O & . 0 ws h, Q nwm Q¢
h

0 ws h Qw QM ¢

0 a8 h, ——Q W, am

is the mean growth increment for crab in stkassi:

w wzi. (A.7)
w, w, and, are estimable parametersandj:are the lower and upper limits of the
receiving lengthclassj (in mm CL), andD is the midpoint of the contributing length
intervali. The quantity is the molt probability for sizelassi:

«a @ — (A.8)
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wheret is the midlength of tha-th lengthclass,c andd are parameters

Selectivity and retention
Selectivity and retention are both assumed to be logistic functions of length. Selectivity
depends on the fishing period for tiieectedpot fishery:

% (A.9)

where s and gso are the parameters of the selectivity/ retention pattern (Mark Maunder,
unpublished generic crab model).dar program, we rgparameterized the denominator
(ges - gs0) to & € WQ & O0s@ that the diffemece is always positive and transformegd to

log (gs0) to keep the estimate always positive.

Recruitment
Recruitment to lengiltlass i during yeat is modeled asy, YQ LI wherell is a
normalized gamma function

QOG acg K _ (A.10)
with U andbr (restricted to the first five length classes).

Parameter estimation

Table Al lists the parameters of the model indicating which are estimated and which are
pre-specified. The objective function includes contributions related to the fit of the model
to the available data and penalties (priors on various parameters).

Tables A2 lists parameter valudgsvith the corresponding coefficient of variations in
parentheses) used to weight the components of the objective functieGs3andWAG.

Likelihood components

Catchand discard
The contribution of the catch data (retainéotal, and groundfish discarded) to the
objective function is given by:

L=/ §{m( ZEw 0 o L,w
t i j

(A.11a)
00 _B atB"G0 @® G&B Y0 ® (A.11b)
00 _ B a&B 0 ® &E&B Yigd ® (A.11c)

where/, /1, and/ cp are weights assigned to likelihood components for the retained, pot
total, and groundfish discard catektimaés;0 is the average mass afcrab is length
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classj; 0 , Y, and"Yi}; are, respectively, the observed numbers of crab in size étass

retained, pot total, and groundfish fishery discarded crab duringt,yaadc is a small
constant valueA small value of 0.00is assumedor c.

An additional retained catchkilihood (using Equation A.HRlwithoutw) for the retained
catch in number of crab during 19817/8284/85 was also considered in all scenarios.

Catchrate indices
The catchrate indices are assumed te bognormally distributed about the model
prediction. Account is taken of variation in addition to that related to sampling variation:

00 s T®B aect L, B (A.12)

h

whered 0 “Y'® the standardized retain catctte index for yeat, ,  is standard error of
the logarithm of 0 "YGand6 0 "Y'® the modekstimate o 0 YO

60YO A BYY 05 M®6; Of "VYif Q (A.13)

in which } is the catchability coefficient during tHeth period (e.g., pre and post
rationalization time periods), is the extent of ovedispersionc is a small constant to
prevent zero values (we assuned 0.001), and_ is the weight assigned to the
catchrate data. We used the same likelihood formulaZpidr fish ticketand cooperative
survey retained catch rairedices.However, forcooperative survey catch rate prediction
we used a different catchability parameter.

Following Burnhanet al. (1987), we computed the (RPUE) variance by:
. F GEp O ay (A.14)

Lengthcomposition data
The lengthcomposition data are included in the likelihood function using the robust
normal for proportions likelihood, i.e., generically:

. . ~ s € tj_riE'i i
L7 =053 an g) - a @‘Sexpé (‘PZ—)) o

(A.15)
wherev j, is the observed proportion of crablengthclass j in the catch during year t,

0 jis the modekstimate corresponding oy, i.e.:
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h
: = (A.16)

is the variance db ;:

>5¢

¢

e 0.1
5t2,j :g(l -RiR; ? §$

(A.17)
and"Y is the effective sample size for ygandn is the number of size classes.

Tagging data

Let wy; be the number of tagged male crab that were released duringtiyatwvere in
sizeclassj when they were released and were recaptured yaftears, and j; be the
vector of recaptures by siotass from the males that were released in ydaat were in
sizeclass] when they were released and were recapturedyayears. The lodikelihood
corresponding to theaultinomial distributiorfor the tagging data is then:

aeg0_r BBB B” {750 Ernn (A18)

5¢

where_  is the weight assigned to the tagging data for recaptureyy&aip  is the
proportion in sizeclassi of the recaptures of males that were released duringt yiear
were in sizeclassj when they were released and were recagtaftery years:
By SX1z?

—_Jty

(A19)

whered® is a vector withwy; at elemenj and 0 otherwise, arffl is the vector of total
selectiviy for tagged male crab by the pot fishefhis log-likelihood function is
predicated on the assumption that all recaptures are in the pot fishery and the reporting rate
is independent of the size of crab.

Penalties

Penalties are imposed on the deviationamiual pot fishing mortality about mean pot
fishing mortality, annual trawl fishing mortality about mean trawl fishing mortality,
recruitment about mean recruitment, and the posfunction (fpen):

P=/.8 (/nF -nFy
t

(A.20)
P,=/.8a (nF" -nF"y
t (A.21)
P=/sa (In &’
t (A.22)
o _ 20 Q¢ (A.23)

Standardized Residual of Length Composition
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YOSR Qjf h" (A.24)

h

Output Quantities

Harvest rate

Total pot fishery harvest rated (A.25)

B R

Exploited legal male biomass at the start of year t:

LMBI:l a ' SSN. W
j=legal size (A 26)
wherel is the weight of an animal in lengtass).

Mature male biomass on 15 February spawning time (NPFMC&0§7n the following
year:

006 B 0rQ 0rp O "Yip Q 0 (A.27)
whereUis the elapsed time from 1 July to 15 February in the following year

For estimating the next year limit harvest levels from current year stock abundances, a
"O value is neededThe arrent crab management plan sfiesi five different Tier
formulas for different stocks depending on the strength of information available for a stock,
for computingO (NPFMC 2003, b. For the golden king crab, the following Tier 3
formula is applied to comput®

000 D06 HO O

If,

DD O D00 pWEQODO FTO0O o

O O P (A.28)
If,

00O FTO0D06

O 8

where

b = a parameter with a restriction that | p. A default value of 0.25 is used,
a = a parameter with a restriction that | T . A default value of 0.1 is used,
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- =the mature male biomass in the current yaad

MMBs3sy = aproxy MMBwsyfor Tier 3 stocks.

Because projected - " (i.e., - -

" ) depends on the intervening retained and

discard catch (i.e., MMBs estimated after the fishery), an iterative procedure is applied
using Equations A2and A.28with retained and discard catch predicted from Equations
A.2b-d. The next year limit harvest catch is estimated using EquationsdAnth the

estimatedO value.

Table Al. Prespecified and estimated parameters of the population dynamics model

Parameter

Number of parameters

Fishing mortalities:

Pot fishery,':I
Mean pot fishery fishing mortalityF

Tr

Groundfish fishery," t

Mean groundfish fishery fishing mortalit)E Tr

Selectivity and retention:
Pot fishery total selectivity,

Pot fishery total selectivity differencd, AT O A
Pot fishery retentiorf,

Pot fishery retention selectivity differende A I O A
Groundfish fishery selectivity

Growth:

W

Expected growth incrementv,yl’

Variability in growth increment{
Molt probability (size transition matrix with tag data),
Molt probability (size transition matrix with tag dath),
Natural mortality M

Recruitmet:

Number of recruiting lengtialasses
Mean recruit length

Distribution to lengtkclassy
Median recruitment2

. ... e
Recruitment deviations, ¢
Fishery catchabilityg

Additional CPUE indices standard deviatidn,
Likelihood weights (coefficient of variation)

1981 2022 (estimated)

1 (estimated)

1989 2022 (the mean F for 1989 to 19¢
was used to estimatgroundfishdiscards

back to 198 (estimated)
1 (estimated)

2 (19811 2004; 2005+)estimated)
2 (19811 2004; 2005+) (estimated)
1 (198L+) (estimated)

1 (198L+) (estimated)

fixed at 1 for all sizeclasses

2 (estimated)

1 (estimated)
1 (estimated)
1 (estimated)
1 (prespecified, 0.23r7)

5 (prespecified)
1 (prespecified, 110 mnCL)

1 (estimated)
1 (estimated)
63 (1961 2023) (estimated)

2 (1985 2004; 2005+) (estimated)
1 (estimated)
Prespecified, varies bgcenario
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Table A2. Specifications for the weights with corresponding coefficient of variations* in parentheses foiodath

for EAG andWAG.

Weight

Models
22.9c, 22.1e2, 22.1f, 22.1g, and 22.1h

Catch:
Retained catch fat981 1984 and/or 1985021, /,

Total catch for 1992021, /+
Groundfish bycatch for 1982021, / sp

Catchrate:
Observer legal size crab catcdte for 19952021,
/

r CPUE

Fish ticket retained crab catchte for 19851998,

/ r CPUE

Penalty weights:
/
Pot fishing mortality dev, F

Groundfish fishing mortality dev{ FTr

A
Recruitment,
Posfunction (to keep abundance estimates always
positive), _

Tagging likelihood

500 (0.036)
Number of sampled pots scaled to a max 250
05(1.3109

1 (0.805)
1 (0.80%)

Initially 1000, relaxed to 0.001 gth ases O
phase
I nitially
phase

1000, rel axe

2 (0.529)
1000 (0.022)

EAG individual tag returns

z# ] AEAEEEAEROET Rob-

p, w =weight
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Appendix B: Catch and CPUE data

The commercial catch and length frequency distribution were estimated from ADF&G landing
records and dockside sampling (Bowetsal. 2008, 2011). The annual retained catch, total
catch, and groundfish (or trawl) discarded mortality are providéchblesl, 2, and 2lfor

EAG andWAG. The weighted length frequency data were used to distribute the catch into 5
mm size intervals. The length frequency data for a year were weighted by each sampled
vessel 6s c at dthlemthclagsdréqueacy wasstimatedas:

. 4
B 67— (B.1)

wherek = number of sampled vessels in a yéd&;,; = number of crab in thieth lengthclass

in the sample frontth vesseln = number of sizelassesCj = number of crab caught pyth

vessel. Then the relative frequency for the year was calculated and applied to the annual
retained catch (in number of crab) to obtain retained catch by lelagth

The annual total catch (in number of crab) was estimated by the observer nominal
(unstandardized) total CPUE considering all vessels multiplied by the total fishing effort
(number of pot lifts). The weighted length frequency of the observer samples therfieet

was estimated using Equation B.1. Observer measurement of crab ranged from 20 to 220 mm
CL. The proportion of observer total relative length frequency corresponding to this size range
was multiplied by the total catch (number of crabpet thecrab number by siz& hus, the

season total catclwvas distributed into lengtblasses using the weighted relative length
frequencyof B.1. To restrict the number of crab to model assumed size rangel@®4 mm

CL), crab sizes < 10fnm CL werepooledinto 101 length class arall crab >185 mm CL

were pooled into 485+Iength class. Note that the total crab catch by size that went into the
model did not consider retained and discard components separately. However, once the model
estimated the annualt&d catch, then retained catch was deducted from this total and multiplied
by handling mortality [we used a 20% handling mortal8yddeeket al. 2005)to obtain the
directed fishery discarded (dead) catch].

Observer data have been collected since 198®Keet al.2000; Barnarett al.2001; Barnard

and Burt 2004; Gaeuman 2011), but data were not comprehensive in the initial years, so a
shorter time series of data for the period 19902022/23 was selected for this analysis.
During 1990/911994/95, obswers were only deployed on catclpgpcessor vessels. During
1995/96 2004/05, observers were deployed on all fishing vessels during fishing activity.
Observers have been deployed on all fishing vessels since 2005/06, butcalghvessels

are only requed to carry observers for a minimum of 50% of their fishing activity during a
season; catchgarocessor vessels are still required to carry observers during all fishing activity.
Onboard observersample seven pots per day (may be different numberstefoeo string)
andcount and measure all crab caught and categorize catch as females, sublegal males, retained
legal males, and neretained legal males in a sampled pot. Prior to the 2009/10 season,
depending on season, area, and type of fishing vesselh@rs were also instructed to sample
additional pots in which all crab were only counted and categorized as females, sublegal males,
retained legal males, and nogtained legal males, but were not measured. Annual mean
nominal CPUEs of retained anddbtrab were estimated considering all sampled pots within
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each seasofTable 3).The observer CPUE data collection improved over the years and the
data since 1995/96 are more reliable. Thaspfodel fitting theobservetCPUE time series

was restrictedto 19%/961 2022/23 The 1990/912022/23 observer database consists of
121,003 records and that of 1995/2622/23 contains 116,724 records, For CPUE
standardization, these data were further reduced by 5% cutoff of Soak time and 1% cutoff of
Depth on both rds of the variable range to remove unreliable data or data from dysfunctional
pot operations and restricting to vessels which have made five trips per year for at least three
years during 1985/862022/23.

Lengthspecific CPUE data collected by obsessprovides information on a wider size range
of the stock than did the commercial catch length frequency data obtained from mostly legal
sized landed males.

There were significant changes in fishing practice due to changes in management regulations
(e.g, since 1996/97 constant TAC and since 2005/06 crab rationalization), pot configuration
(escape web on the pot door increased to 90
Aleutian Islands golden king crab fisheries since 1998. These changesquarspb consider

two separate observer CPUE time serl®@95/96 2004/05 and 2005/0@022/23 to estimate

CPUE indices for model input.

To include a long time series of CPUE indices for stock abundance contrast, we also considered
the 1985/861998/99 Igal size standardized CPUE as a separate likelihood comporaht in
scenarios. Because of the lack of soak time data before 1990, we estimated the CPUE index
considering a limited set of explanatory variables (e.g., vessel, captain, area, monthpgnd fitti
thenegative binomiaGLM modelto fish ticket dataTables 4 and ().

When using CPUE indices in the model fit, we compared the predicted with the observed legal
male CPUE in the observer CPUE likelihoods because legal male (retained phesanos)
data are more reliable than total in the observer samples.

The CPUE standardization followed the GLM fitting procedure (Maunder and Punt 2004; Starr
2012; Siddeelet al 2018). Following a suggestidrom the CIE reviewersn June 2018 we
reduced theaumber of gear codes in the database after consulting with the fishing industry
(Rip Carlton, Chad Hoefer, and Scott Goodman, personal communication December 2018;
Table B). Followingan SSCsuggestion irDctober 2018, we used a hybrid procedure: First,
we selected a scope of variables set by Akike Information Criterion, AIC (Burnham and
Anderson 2002). Alecrease of more than 2 units in the AIC was used to identify the variable
to be included successively (stepAIC program, R Core Teapi)20hen, themodel
parsimony was improved further by successively removing the term that explained the least
proportion of deviance (R< 0.01) (stepCPUE R function was used, Siddeekl 2018).
Feenstraet al (2019) used a similar hybrid approach.
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Table B.1.Updatedgear codsfor observer data analysis. Only gear code # 5, 6, 7, 8, and 13
were considered following crab industry suggestion. Note: Identical codes were given to those
gear codes with similar catchability/selectivityinflicatesgear codes thatere ignored.

Number Updated gear
Mark X against  encountered by code
Original the code that ~ observers during
Gear code Pot gear description can be ignored 1990 2016

1 Dungeness crab pot, small & round X 2 X
2 Pyramid pot, tunnel openings usually on sides,

stackable X 2121 X
3 Conical pot, opening at top of cone, stackable X 2000 X
4 4' X 4' rectangular pot 60 X
S) 5' X 5' rectangular pot 18032 5
6 6' X 6' rectangular pot 17508 6
7 7' X 7' rectangular pot 23806 7
8 8' X 8' rectangular pot 1936 8
9 5 1/2' X 5 1/2' rectangular pot 6934 5
10 6 1/2' X 6 1/2rectangular pot 22085 6
11 7 1/2' X 7 1/2' rectangular pot 387 7
12 Round king crab pot, enlarged version of

Dungeness crab pot 8259 X
13 10' X 10' rectangular pot 466 13
14 9' X 9' rectangular pot X 1 X
15 8 1/2' X 8 1/2rectangular pot X 1 X
16 9 1/2' X 9 1/2' rectangular pot X Not used X
17 8' X 9' rectangular pot X 1 X
18 8' X 10' rectangular pot X 1 X
19 9' X 10' rectangular pot Not used X
20 7' X 8' rectangular pot X 252 X
21 Hair crab pot, longlined and small, stackable Not used X
22 snail pot X 1 X
23 Domeshaped pot, tunnel opening on top, often

longlined in deepwater fisheries X 6756 X

ADF&G shell fish resea
24 rectangul ar stretah mestwand o

escapement rings or mesh Research po X
80 Historical: Cod pot, any shape pot targeting cou X

usually with tunnel fingers 711 X
81 Historical: Rectangular pot, unknown size, with

escape rings X 1123 X

All scenarios used CPUE indices estimated by the hybrid GLM method. Following a January
2019 CPT request, we considered a Year:Area interaction factor as a special case for a CPUE
standardization scenario.
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Thus we estimated two sets of observer CPUEexdior model input, 21.1a (reduced number
of gear codes), and 21.1f (reduced number of gear codes and Year:Area interaction).

Observer CPUE indelzsy GLM
a. Norrinteraction GLM model

The CPUE standardization followed the GLM fitting procedure (Maunder and Punt 2004; Starr
2012; Siddeelet al 2016b). We considered the negative binomial GLM on positive and zero
catch to select the explanatory variables. The response variable CPUE is the observer sample
catch record for a pot haul. The negative binomial model uses the log link function for the
GLM fit.

For the norinteraction modelwe assumed the null model ta be

| W05%9AAO0 (B.2)
where Year is a factorial variable.
The maximum set of model terms offered to the stepwise selectioador@cwas:

11#05% 9AAOI @1 AR E-T11 OE6 AOOAMADOAET | AE
" AAOI & AbGEAE (B.3)

where Sok is in unit of days and is numeric; Month, Ar@ock) code, Vessel code, Captain
code, and Gear code are factorial variables; Depth in fathom is a numeric variable; ns=cubic
spline, and df = degree of freedom.

We used a log link function and a dispersparameterq) in the GLM fitting process. We
used the Rcriterion for predictor variable selection (Siddestlal. 2016b).

We calculated appropriatiegrees of freedom and dispersion parameters by calculating AICs
for a range of values and locatitige best valugat the minimum AlQsee Siddeek et al, 2021
SAFE report) We further reduced the spline number of degrees of freedom based on
significant model fits.

Instead of using the traditional AlC2{og_likelihood+2p) we used the Consistent Aleali
Information Criteria (CAIC)YBozdogan 1987)-2log_likelihood+[In(n)+1]*p} for variable
selection by StepAIC, where n=number of observations and p= number of parameters to be
estimated. The number of selected variables were further reduced for parsinfeasible,

by the R criterion using the StepCPUE functidre., a hybrid selection procedure (Feenstra

et al.2019)

The finalmain effectmodels forEAG were:

107



Initial selection by stepAIC: o
1 #H05%9AA0OAAGADOAEBRT ARE 0 ¢ ¢D
AlC=203,808

Final selection by stepCPUE:
I #05%9AA®@APOAER T AE+ Month (B.4)
for the 1995/962004/05 periodd=1.38, 2 & ¢ TLu

Initial selection by stepAIC: o 3
1 T#H05% 9 AAGADOABAAO @1 Bt 0 &36Q
AlC=81,580

Final selection by stepCPUE:
I #05%9AAFADOAER T hET 0Q®i (B.5)
for the 2005/062022/23 period[q ¢& h2 ™ p 1o

The final models foWWAG were:

Initial selection by stepAIC: 5
1 W05 % 9AAGADPOAERT IKE ' AAO ¢ ik £ wQi i Qa

AIC=191,025

Final selection by stepCPUE:
| W0O5%9AA@ADPOAERT IKE "OQ®©i (B.6)
for the 1995/962004/05 periodd=0.97,2 1@ @ Y p

Initial selection by stepAIC:

1 #05%9AA@APOAERNAG T 1 OH G1 bE

AIC=130,731

Final selection by stepCPUE

| #W05%9AA0AA0 GBI KE (B.7)
for the 2005/062022/23 period[q p® P2 mdBrx 1R ABE OBR A

b. Year:AreainteractionGLM:

Justification: The interaction CPUE modeias necessary because of wmform distribution

of golden king crab (see the distribution section) in the Aleutian Islands as well as small
number of vessels operating in the two dises (a maximum of three in each region in recent
years).
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All scenarios used CPUE indices estimated by the hybrid GLM method. Following a January
2019 CPT request, we considered a Year:Block (aka Year:Area) interaction factor as a special
case for a @UE standardization scenario.

For year and area interaction analysis, we divided the areas into 1 mmibgtids enmeshed in

10 larger blocks as follows. The number of blocks was restricted to a few to prevent GLM fitting
problems (Figure B.1 and TabB.2).
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Figure B.1. The 1995/9@022/23 observer pot samples enmeshed in 10 blocks for the Aleutian Islands golden king crab.
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