Aleutian Islands Golden King CrabLithodes aequisping)s ModelBased Stock
Assessmenh Fall 2015

Draft report br theSep2015Crab Plan Team Meeting

Prepared by:
M.S.M. Siddeek J. Zheng and D. Pengill§

! Alaska Department of Fish and Game , iBian of Commercial Fisheries, P.O. Box 115526, Juneau, Alaska 99811
2 Alaska Department of Fish and Game, Division of Commercial Fisheries, 351 Research Court, Kodiak, AK 99615

Executive Summary

1. Stock
Golden king crablithodes aequispiny®leutian Islamls, east of 174 W longitude

(EAG) and west ol.74° W longitude (WAG).

2. Catches
The Aleutian Islands golden king cratommercial fishery developed in the early

1980s; the harvegteaked in 1986/8@t5.900 and 8.80 million pounds respectively,
for EAG amd WAG. Catches have been steady since 1996/97 following
implementation of total allowable catches (TACs) of0B.(EAG) and 2.D0 (WAG)
million pounds The TACs were increased to 30L&nd 2.835 million pounds for the
two respectiveegionsbeginning withthe 2008/09 fishery following an Alaska Board
of Fisheries (BOF) decision. These levels are below the limit TACs determined under
Tier 5 criteria (considering 1991995 mean catch as the limit catch) underntuest
recentcrab management plaithe TACs wee further increased by another BOF
decision to 3.3Q@ million pounds for EAG and 2.@98million pounds for WAG
beginning withthe 2012/13 fisheryThe fishery has harvested close to TAC levels
since 1996/97Catch rates increased in boBAG andWAG fisheries in the mid
2000s however, in recent yearg/AG catch rate have declined

3. Stock biomass
Estimated mature male biomass (MMB) EAG has decreased following peak levels

during themid-1980sof the directed fishery and then increased andilted in
reent years Estimated MMB decreasedluring the last few yearsince 2009in
WAG. The lowest levels of MMB for EAG were observedtire 1990sand MMB
consistentlyincreased since 189The pattern was similar for WAG with the lowest
levels of MMB in 192i 1998. Stock trends reflected the fishery standardized CPUE
trends in both regions.



4. Recruitment
The numbes of recruits to the model size grapavefluctuated inboth EAG and

WAG. For EAG,the model recruitment was highest in 891, and lowest irl989
while model recruitmentor WAG was highest ir1986 and lowest in 2008

5. Management performance
The model has not yet been used for making any management decisions.

6. Basis for the OFL
We provide the OFL estimates under Tier 4 and Tier 3 approaches for EAG and

WAG, respectively. The lengthbased modeleveloped for Tier 4 analysestimates
MMB on February 1%ach war for the period 1986 throudt®15 and projects to
February 15, 208 for OFL and ABC determination. ThEer 4 approactproposes
the following OFLand ABCs based on using the 198615 mean MMB as the
reference biomas®s). The total OFL and ABC estimates are prodider six and

five scenariodor EAG and WAG respectivelyin the following four tables. Fahis

presentation we treat scenariods the base scenario.

EAG (Tier 4):

Biomass, total OFL, and AB€@r 2015/16in million pounds.
Seenario Current  MMB/ Years to ABC ABC

Tier Bhres MMB  MMBes For defineBe M OFL  (P*=0.49) (0.9*OFL)

1 4a 13012 21.464  1.65 0.18 19862015 0.18 2 g37 2922 2.643
2 4a 13.174 22.045 1.67 0.18 19862015 0.18 2.907 2.890 2.616
3 4a 13.164 21.792 1.66 0.18 19862015 0.18 3.008 2.993 2.707
5 4a 12976 21.595 1.66 0.18 19862015 0.18 2.915 2.900 2.624
11 4a 14.032 25.318 1.80 0.18 19862015 0.18 3.545 3.533 3.191
12 4a  13.875 21.433 154 0.18 19862015 0.18 3000 29834 2.700

Biomass in 1000 t; total OFL and AB&BC for 2015/16in t.

Current MMB/ Years to ABC ABC

Scenario Tier By MMB MMB,es  For defineBes M OFL (P*=0.49) (0.9*OFL)
1 4a 5902 9736 165 0.18 19862015 0.18 1332.297 1325.536 1199.067
2 4a 5976 10.000 1.67 0.18 19862015 0.18 1318.433 1310.868 1186.590
3 4a 5.971 9.885 1.66 0.18 19862015 0.18 1364.512 1357.841 1228.061
5 4a 5.886 9.796 1.66 0.18 1986 2015 0.18 1322.240 1315.253 1190016
11 4a 6.365 11.484 1.80 0.18 19862015 0.18 1608.141 1602.439 1447.327
12 4a 6293 9.722 154 0.18 19862015 0.18 1360.979 1353684 1224.881




WAG (Tier 4):
Biomass, total OFL, and ABC in milliofor 2015/16 in millionpounds.

Curent MMB/ Years to ABC ABC
Scenario Tier Biet MMB MMByet  ForL defineB¢t M OFL (P*=0.49) (0.9*OFL)
1 4a  10.740 10.880 1.01 0.18 19862015 0.18 1.612  1.607 1.451
2 4a 11.255 11574 1.03 0.18 19862015 0.18 1.683 1.678 1.515
5 4a 10.894 11.004 1.01 0.18 19862015 0.18 1.5 1.589 1.434
11 4b 10.742 10.355 0.96 0.179 19862015 0.18 1.549 1.545 1.394
12 4a 10376 11.102 1.07  0.18 19862015 0.18 1635 1.631 1.471
Biomass in 1000 t; total OFL and ABGr 2015/16in t.
Current  MMB/ Years to ABC ABC
Scenario Tier  Bies MMB MMB,os For.  define By M OFL (P*=0.49) (0.9*OFL)
1 4a 4.872 4.935 1.01 0.18 19862015 0.18 731.094 729.057 657.985
2 4a 5.105 5.250 1.03 0.18 19862015 0.18 763.354 761.349 687.019
5 4a 4941 4.991 1.01 0.18 19862015 0.18 722.709 720.631 650.438
11 4b 4.873 4.697 0.96 0.179 19862015 0.18 702.795 700.701 632.516
12 4a 4707 5.036  1.07 0.18 19862015 0.18 741492 739.817 667.343

The Tier 3 approach as an alternative to Tier 4 provides additional sets of OFL

estimates based on the mean number of recioitshe period 1986 to 2®lin the

following four tables for EAG and WAG, respectively. EitHess can be used as a

multiplier of M if a Tier 4 approach is to be strictly followed or it can be used as it is by

promoting the assessment to Tier 3. Assumihgas theFy; value under Tier 4

approach seems to be more conservative, especially for the WAG stock.



EAG (Tier 3):
Biomass, total OFL, and AB€@r 2015/16in million pounds.

Recruitment

Current MMB/ Years to ABC ABC
Scenario  Tier Bss MMB Bss ForL defineB,¢s Fss OFL (P*=0.49) (0.9*OFL)
1 3a 15807 19677 124 037 19882015 3 5593 5565 5.034
2 3a 15987 20.092 1.26 0.39 1986 2015 0.39 5.795 5.762 5.216
3 3a 15.831 19.885 1.26 0.37 1986 2015 0.37 5.726 5.698 5.153
5 3a 15599 19.731 1.26 0.38 19862015 0.38 5.681 5.651 5.113
11 3a 16.408 22.630 1.38 0.36 1986 2015 0.36 6.581 6.558 5.923
12 3a 16021 19.676 123 0.36 1986 2015 0.36 5.574 5.545 5.017
Biomass in 1000 t; total OFL and AB& 2015/16in t.
Recruitment
Current MMB/ Years to ABC ABC
Scenario Tier Bss MMB Bss ForL DefineBss Fss OFL (P*=0.49) (0.9*OFL)
1 3a 7.170 8926 124 037 19862015 0.37 2536.988 2524.280 2283.289
2 3a 7.252 9.114 1.26 0.39 1986 2015 0.39 2628.684 2613.711 2365816
3a 7.181 9.020 1.26 0.37 1986 2015 0.37 2597.073 2584.590 2337.365
5 3a 7.076 8.950 1.26 0.38 1986 2015 0.38 2576.730 2563.164 2319.057
11 3a 7.443 10.265 1.38 0.36 1986 2015 0.36 2985.267 2974.867 2686.740
12 3a. 7267 8.925 123 0.36 1986 2015 0.36 2528.319 2515.104 2275.487
WAG (Tier 3):
Biomass, total OFL, and AB@r 2015/16in million pounds.
Recruitment
Current MMB/ Years to ABC ABC
Scenario  Tier Bss MMB Bss ForL DefineBss Fss OFL (P*=0.49) (0.9*OFL)
1 3b 12.987 11.407 0.88 0.28 1986 2015 0.32 2.384 2.378 2.146
2 3b 13.151 11.848 0.90 0.29 1986 2015 0.33 2.620 2.614 2.358
5 3b 12.742 11.436 0.90 0.29 1986 2015 0.33 2474 2.467 2.227
11 3b 12.914 11.026 0.85 0.27 1986 2015 0.32 2.228 2.222 2.005
12 3b 13.047 11586 0.89 0.28 1986 2015 0.32 2.438 2.428 2.194




Biomassin 1000 t; total OFL and AB@r 2015/16in t.

Recruitment

Current MMB Years to ABC ABC
Scenario  Tier Bss MMB /Bss ForL DefineBss Fss OFL (P*=0.49) (0.9*OFL)
1 3b 5.891 5.174 0.88 0.28 19862015 0.32 1081.579 1078.588 973.421
2 3b 5965 5.374 0.90 029 19862015 0.33 1188.485 1185.487 1069.636
5 3b 5.780 5.187 0.90 0.29 1986 2015 0.33 1122.220 1119.024 1009.998
11 3b 5.858 5.002 0.85 0.27 1986 2015 0.32 1010.732 1007.884 909.659
12 3b 5918 5.256 0.89 0.28 1986 2015 0.32 1105.%8 1101.470 995.273

A. Summary of Major Changes

7. Probability density functions of OFL

Assuming a lognormal distribution of total OFL, we determined the cumulative
distributions of OFL and selected the median as the OFL.

8. The basis for the ABC recommendation
See the ABC section

9. Asummary of results of any rebuilding analysis:
Not applicable.

1. Changes (if any) to management of the fishery

None.

2. Changes to input data

(a) Data update: Th2014/15 commercial fishery retained and total catch, observer
nominal total CPUE and fishing effortdplifts) to calculate total catches for

1990/91 2014/15, and groundfishmale discardmortality by sizefor 1989/89

2013/14 were recalculated The commercial retained size frequency and
observer sample size frequency datere calculated weighting by sampled

v e s scatdh.d s

(b) New data: EAG male taggcapture data by size and twaelarge for 1991,
1997, 2000, 2003, and 2006 releasese considered fothe WAG model

analysis A limited number of tag recaptures from the WAG area was used in a
model scenario for the WAGsaessment.
(c) Observer pot sample legal size crab CRi#Ee standardized by the generalized

linear model (GLM) with the negative binomial link functioseparately for
1995/96 200405 and 2005/062014/15 periods and for the whole time period
(details in the September 2013 CPT presentabanCPUE standardization
method. The 1995/96 to 2014/15 time series as a whads used in model

scenaridll



(d) Fish ticket retained catch CPUWere standardized by the GLMsing a
lognormal link function considering suite of explanatory variablebhe 1985
1998datawere used in the fit and thediceswere used irmodelscenario 3

3. Changes to assessment methodology
None. The same model has been improved.

4. Changes to assessment results
Not applicable because the model has not been used previously.

B. Response to 2015 CPT comments
The CPTreviewedthe model indetail during the May 2015 CPT meeting. So, &
present the responses toitlreamments:

CPT Note: The assessment author addressed most of the issues raised by the CPT,
though several followup reconmendations are identified below. On the whole,
considerable progress has been made in model development for AIGKC. The tasks that
now occupy the CPT consist of recommending relatively minor tweaks and sensitivity
analyses to better understand model perémee. The draft assessment achieves a good

fit to the composition data and an adequate fit to the CPUE indices. The assessment
model does not show strong retrospective patterns. A likelihood profile indicated that the
CPUE index is most important data fdetermining catchability for both eastern and
western models, and thus determines the scale of the population. However stock
assessments using an index of abundance often depend on relatively subtle features of the
data, and it is unclear what those teat are at present. The standardized abundance
indices are relatively flat throughout the entire period. The draft assessment does estimate
relatively high fishing mortalities in the period prior to establishing the GHL, however
high fishing mortalities &ve been estimated for other pot fisheries in Alaska. Whether or
not estimated fishing mortalities are unrealistically high is a factor that will trebd
considered when evaluating whether or not to accephtue|?

The CPT has the followinggcommerdations for the September 2015 CPT meeting:
9 Include results from the CPUE standardization in the assessment document

Response: wehave included diagnostic plots for EAG and WAGPUE
standardizatior(Figures 810 for EAG and 3638 for WAG).

1 Use theémproved set of equatiorisr fishing mortality forall models.

Response: We have modified the Z formula as per CPT suggestion in the current
analysegsee Appendix A)Ne compared the F and MMB distributions between
the old formula and thenodified formulaThe differenceare minor (see Figure

67).

1 Explore methods for standardizing tt@mmercial fishery retained CPUE indices
using available information.



Response: We have scoped a number of predictor variablgs Year, Vessel,
Captain Area,and Month)in themodel selectioby lognormal GLM

1 Total catch estimates should be given weights based on the observer sample sizes
when model fitting.

Response: We have used the number afgaohpled scaled to a maximum of 300
as weights to thtotal catch biomadgkelihood

1 Provide likelihoodprofiles with results reexpressed with other variables (e.g.
current biomass) on theaxis.

Response: Wenvestigated the component likelih@odgainstterminal MMB
(Figure 34 for EAG and Figure 6@r WAG)

1 If possibledo profile on current MMB and not catchabilitgince MMB is model
output and not a parameter, this is usually done by forcing the model to fit a
pseudo survey in the final year and varying the survey values

Response: Please ref@r the above response. We did.

1 Provide a sensitivity analysis to potential changes in catchability and selectivity in
the CPUE time series. Results should be compared for the following alternatives:
Alternative © no changes in selectivity or catchabiliflternative @ One break
in catchability/selectivity for post rationalization period, Alternativi@ T3vo
catchability/selectivity breaks, one breakl®9and another posttionalization.
Provide likelihood profiles as described above for each alteenat

Response: We followed the suggestions as different scenarios amahysis We
provide component likelihoodsr selected scenarios

1 Provide additional plots to evaludteefit to the tagging data:
o Plot observed tag recaptunes pralicted tag recapture by year at liberty.
o Plot thegrowth increment rather than size at recapture (and by year at
liberty)
o Plot thegrowth incremenbutbreak the lengthat-release into groups.

Response: We provide observed vs. predicted number of ressafuu
different timeat-large and observed mean length and predicted mean
length of recafures for each release siZer different timeat-large.
Andre Punt provided necessary codes to do this. Thanks.

1 Provide confidence intervals assuming-togymality for the quantity of interest
(seeBurnham et al. 1987:2) 2



Response: We used the In(1+CV~2) for variance of In(CPUE) and In(MMB) as
suggested by Burnham et al. (1987).

1 Provide an analysis of sensitivity to the F penalty in model fittiriguring
estimaton phases, relax the F penalty eartigsin the final phaseEvaluate the
effect of different mean #alues in the F penalty term (from low to high)

Response: We relaxed the F penaltyatoearlier phase(selectivity phaseand
investigated differentnean F in the F penalty (scenario 7). We did not see any
appreciable differencen the OFL estimate(Table 31)

1 The model currently initializes by estimating the abundance by length category in
the first year. To evalt@ sensitivity to this method.ompare this methotb an
approach that assumes some average level of recruitment to populate the initial
size composition.

Response: We considered the equilibrium condition as one scésegioario 8)
for EAG and all scenarios for WAG. Appendix provides the equitirium
condition estimatiomprocedure

C. Introduction

1. Scientific name: @ldenking crab,Lithodes aequispinus.

2. Distribution: In Alaskagolden king crab islistributed in the Aleutian Islands, on
the continental slope dhe eastern Bering Sea, amundthe Gulf of Alaska to
southeastern Alaska.

3. Evidence of stock structure: There is no direct evidence of separate stock structure
in the Aleutian Islands

4. Life history characteristics relevant to managemeértiere is a paucity of
information ongolden kirg crablife history characteristiadue in part to the deep
depth distribution (~20Q000 m) andthe asynchronous nature of life history
events(Otto and Cummiskey985; Somerton and Otto 1986). The reguctive
cycle is thought to lasipproximately 24 mathsand at any one time, ovigerous
females can be found carrying egg clutches in highly disparate developmental
states (Otto and Cummiskey 1985). Females carry large;ripgblkeggs which

8



hatch into lecithotrophic (nonfeeding) larvaethat are negativgl phototactic
(Adams and Paul 1999). Molting and mating are also asynchronoysaratted
(Shirley and Zhoul997; Otto and Cummiskey 1985) with some indications of
seasonality (Hiramoto 1985). Molt increméot large malegadults) in Southeast
Alaskais 163 mm CL per molt (Koeneman and Buchanan 1985), fondegal
males in the EAGvas estimatd at 14.4 mm CL (Watson et &002). Annual
molting probability of males decreases with increasing size, which results in a
protractedinter-molt period andcreatesdifficulty in determining annuamolt
probability (Watson et al2002). Male sizeatmaturity \aries among stocks
(Webb 2014)butdeclines with increasing latitude from about 130 mm CL in the
Aleutian Islands to 90 mm CL ina$t Matthew Island séion (Somerton and
Otto 1986). Along with dack of annual survey datéimited stockspecific life
history stock informationprevens developnent of the standard lengthased
assessment model

. Brief summary of management histoi§ince 1996, e Alaska [@partment of
Fish and Game (ADF&&)as dividednanagement dhe Aleutian Islads golden
king crab fisheryat 174 W longitude(ADF&G 2002).Hereafter, theeast ofl74

W longitude stock segment is referred to as EAG ahd west of 174 W
longitudestock segment is referred to as WAThe stocks in the two areasre
managed with a constant annual guideline harvegtl or total allowable
(retained)catch (3.00 million pounds for EAG and 200 million pounds for
WAG). In 2008, however, the total all@ble catch was increaseg the BOFto
3.1 and 2.88 million pounds for EAG and WAG, respectivelfan
approximately 5% increase in TACGAdditional management measures inclade
maleonly fishery and a minimum legal size limit (152.4nm CW, or
approximaely 136 mm CL), which is at least onannual molt increment laeg
than e 50% maturity length of 120@m CL for males(Otto andCummiskey
19895. In the model scenarios, a kniéelge 50% maturity length of 121 mm CL
was used for mature male biomass (B)Mestimation. Daily catch andatchper
unit effort (CPUE) are determined-geason to wnitor fishery performance and
progress towards theespectiveTACs. Figures 1 to 5 provide the time series of



catches, CPUE, and the geographic distribution of cdteing recent fishing
seasondncreases in CPUE were obsendrding the late 1990s through the early
2000s andwith the implementation of crab rationalization in 2005. This is likely
due to changes in geiarthe late 1990¢&crab fishermen, personalromunication,

July 1, 2008)and after rationalization, tancreased soak time (Figure 6), and
decreased competitiaawing tothe reduced number of vessels fishing. Decreased
competition could allow crab vessels to target only the most productive fishing
areas.In 2012 the BOF increased the TAC levels 831 million pounds for EAG

and 2.98 million pounds for WAGeginning withthe 2012/13 fishery

D. Data

1. Summary of new information:
Data are updated by adding ti#914/15 commercial fishery retained and
esimated total catch by sizend observer CPUBvy size to the time series
Because of time constramtwe used the 1989/90 to 2013/&4timatedmale
groundfish discardnortality by sizeand did not add the 2014/15 data

2. Availablecatchand tagging data.

Data set Years Data type(s)
Retained pot catch 1985/86 2014/15 Catch by length
Total pot catch 1990911 2014/15 Catch by length (Observer nominal

total CPUE with effort were used to
estimate total pot catch)

Groundfish discarded catch 1989/9G 2013/14 Catchby length

Observer legal size crab CPUE 1995/96 2014/15 Independently estimated annual CPU
index with standard error (by negative
binomial GLM) (Fox and Weisberg
2011)

Pot Fishery retained catch CPUE 1985/86 1998/99 Independently estimated annual CPU
index with standard error (by lognorm:
GLM). This sries is used iscenario 3
Tagrecapture data EAG: 1991, 1997, Releasaecapture length and tirvas-
2000, 2003, 2006 large- 1717 records

WAG: 1980s Releaseaecapture length and tirva-
large- 64 records

a. A time series of retaineghd totalcatch, groudfish fishery discard mortality
and pot fishery efforfTable 1for EAG and Table 16 for WAL

10



b. Time series opot fishery andobservernominal retained and total CPUE,
observersample size, andstimatedobserverCPUE index(Table 2 for EAG
and Table 17 for WA

c. Information on length compositions (FigutEka, 12 a, b;13 a, j 69 a, b;
70a,h 39144;and 71 a, b

d. Survey biomass estimates are not available for #ee lacause no systematic
surveys, covering the entire fishing area, have occurred.

f. Other time series data: None.

3. Lengthweight relationship7 Al where a= 2.9880%, b = 3.135.
4. Information on any data souxcavailable, butexcluded from theassessment:

None.

Catch and CPUE data

The commercial catch and length frequency itistron were estimated from

ADF&G landing records and dockside samplifgpwers et al.2008, 2011). The

annual retained catch, total catemd groundfish discardnortality are provided in

Table 1 for EAG andable 16 for WAG. Theweightedlength frequency data were

used to distribute the catch into differéstmm) size intervalsThe length frequency

data for a year were weighted bpchs a mp |l ed v e s olbwsoThei-that ch as

lengthclass frequency was estimated as:

B § h (1)

wherek = numbe of sampled vessels in an yedrFQ;; = number ofcrabin thei-th
lengthclass in the sample frojrth vessel, n = number of size classgs; number of
crabcaught byj-th vessel. Then the relative frequency for the year was calculated and
applied to the annual retained catch (in numbecrab) to obtaintotal catch by

lengthclass.

The annual totalcatch (in number o€ra was estimated by the observer nominal
(unstandardizedjotal CPUEconsidering all vesselsultiplied by the totalfishing
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effort (number of pblifts). The weighted legth frequency of the observer sangple
across the fleetvas estimated using Equation Observer measurement of crab
rangedfrom 20 to 220 mm CL. To restrict the total numbercodb to the model
assumed size range (X@85+ mm CL), the proportion of obseer total relate
length frequency correspondinig this size range wasultiplied by the total catch
(number ofcrab). This total number ofrabwas distributed into lengtblas®susing

the weighted relative length frequendyus crab sizes < 101 m@L were excluded
from the model. 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 annual totatch, then retained catch wdsducted fronthis total ad
multiplied byhandling mortality (we used 20% handlingmortality [Siddeek et al.
200B] to obtain thealirected fisheryliscardeddead]catch.

Observer data have been collected since 188®re et al.200Q Barnardet al. 2001,
Barnardand Burt2004; Gaeumar011),but datawere not comprehensivm the initial

years so a shorter time series of data for the period /B49Q014/15was selected for

this analysis.During 1990/911994/95, observers wemnly deployed on catcher
processor gssels During 1995/962004/05, observers were deployed ahfishing
vessels duringheir fishing activity. Observers have been deployed on all fishing
vessels since 2005/06, but catebaly vessels are required to carry observers for a
minimum of 50% 6 their fishing activity during a season; catcipeocessor vessels

are still required to carry observers during all fishing actiiyboard observers
count and measure aitab caught and categorize catch as females, sublegal males,
retained legal mate and nofretained legal males in a sampled petior to the
2009/10 season, depending on season, area, and type of fishing vessel, observers were
also instructed to sample additional pots in which all crab were only counted and
categorized as femalegjdegal males, retained legal males, and-re@ained legal
males, but were not measurgthnual mean nominal CPUEof retained and total
crabwere estimated considering all sampled pots within each s¢&ables 2 and

17). For modefitting the CPUE tine series was further restricted to 1/9%b
2014/15 because the reliability of categorizationavébby observers improved after

12



1995. Lengthspecifc CPUE data collected hybservers provideinformation on a
wider sze range of the stock than dide @mmercial catch length frequen data

obtained from mosthegalsizedlandedmales

There were significant changes in fishing practice due to changes in management
regulatiors (e.g., since 1996/97 constant TAC and since 2005/06 crab rationalization),
pat configuration éscape web on the pot domrcreasedto 9 since 1999), and
improved observer recordingn Aleutian Islands golden king crab fisheris#ce

1998 These changes prompted us to conditercatchabilites andtotal selectivites

with only oneretentioncurvefor the periods 19886/ 200405 and 20086i 2014/15.

To include a long time series of CPUE indices for stock abundance contrast, we also
considered the 19836i 199899 legal size standardized CPUE as a sdpara
likelihood component in scenar® Because of the lack of soak time data previous to
1990, we estimated the CPUE index consideaitignited set of explanatory variables
(e.g., vessel, captain, area, mordhjifitting the lognormal GLM to fish ticketlata
(Tables 3 and 18). Fathis scenarip we consideredwo catchabilites and total
selectivites and one retention curve For scenario2, we considered three

catchabilitiesandtotal selectivities and onaetention curve

E. Analytic Approach
1. History of modeling approaches for this stock
The model is under development, and yet to be accepted for OFL and ABC

setting.

2. Model Description
a. The underlying population dynamics model is rady and lengtibased
(Appendx A). This model combines commercial retaingatch, totalcatch,
groundfish fisherydiscardmortality, standardizedbserverlegal sizecatch
perunit-effort (CPUE)indices fishery retained catch size composition, total

catchsize composition, groundfisfiscardmortality size composion, andtag

13



recaptures by releasecapture lengthto estimate stock assessment

parameters.

The data series used in the current assessmeBifGrranges from 1985/86

to 2Q014/15 for retained catch bmass and size compositioh995/96 to
2014/15 for standardized legal size crab obser@#UE index; 1985/86 to
1998/99for standardized legal size crab fish tickPUE index; 1990/91 to
2014/15 for totd catch hbomass andength composion; 18990 to 2013/14

for growndfish fisherymale bycatchmortality biomass and size composition

and 1991, 1997, 2000, 2003, and 2006 releases and up to 2012 recapture time

period for tagging information.

The data seriegsedfor the WAG rangesare the same as those for EAG.

b. Software: ADModel Builder (Fournier et aR012).

c.i f. Details are given in Appendix A.

g. Critical assumptions and consequences of assumption failures: Wélkept
constant at 0.18&ssumed directed pot fishery discard mortality proportion at
0.20, assumed groundfishsiing mortality proportion at 0.65roundfish
fishery selectivityat full selectionfor all length classeéselectivity = 1), and
discard of legakize malesin the directedpot fishery was not considered.
These fixed values invariably reduced the nundfenodel parameters to be
estimated and helped in convergence. We assumed diffggest ( scal i ng
parameter for standardized CPUE in the model) and logistic selectivity
patterns for different periods for the pot fishet§85to < 1999, 1999 to <
2005 and >= 2005 under scenario2. For most scenaripsve assumedwo
differentgb s a ntdtal delectivity (pre and postationalization periods)
and only one retention cungatterns Because of the lack of an annual stock
survey we relied heavily on standareld CPUE indices and catch information

to determine the stock abundance trends in both regions. The CPUE
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standadization followed thesLM fitting procedurg(Starr 2012khown below
for EAG and WAG, respectively:

Observer CPURNdex:

We considered theegative binomial GLM on positive and zero catches
select the explanatory variables. The response variable CPUE is the observer
sample catch record for a pot halihe negative binomial medl uses the log

link function forthe GLM fit. Therefore, v assurad the null model to be

i 160

YO ®Q&I - )

The maximum set of model terms offered to the stepwise selection procedure

Was.
1T160YO QO ¢i"Yé OMQ D EED 61 QO OQI | QBron 0 GQE

"0Q®hi £ 10QMOHNQ ¢ ivQi "Yé R - |
®3)

wherens=cubic spline df = degree of freedom, and all variables are-self

explanatory.
We used a log link function and a dispersion paramejen the GLM fitting

process (September 2013 CPT presentation).

The final models for EAG were:

116070 ®QOIN0QMI6 O 0 GENEYE doQ (4)
for the 19952004 period@=1.33,'Y 1@ owith ns(Soak, 3) forced in)

11607Y0 ¢Q®di 6 0f o OREYE B "0Q0i (5)
for the 20052014 period(q  ¢& 'Y 1@ p).

The final models for WAG were:
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1 160°YO OQOI 60/ 0 OWAMI & {"Yé AJQ (6)
for the 19952004 period@=0.98,Y 1@ ( and

11600 OQ®OI 6 OO OARDIE i"YE dpp )
for the 20052014 period =1.16,2 T8t wvith ns(Soak, 16) forced in)

Standardized nominal CPUE data are presented in Tables 21and
respectively, for EAG and WAG.

We also fitted the entire timseries (199581 2014/15)of observer @UE data
by thenegative binomial GLM Table32 provides support to use the entiregt
series. Because of high variability of individual observer CPbiéEjrtteractions

were not significant.

The final model foEAG was:
1160YO OQOI0OQ®MiI6 G o dOREYE &Q (8)
withg p8 Y 1@ @

The final model for WAG was:
116070 OQ®I 60n o6 OREYEHT oh "OQdI 9)
withg p® @Y T8 X

Figures 7 and B8depict the trends in nominal and standardized CPUE indices
for EAG and WAG, respectivelyFigures 810 and 3638 show the
diagnostioplotsfor all the fitsfor EAG and WAG, respectively.

Fish Ticket CPUE index:

We also fitted the lognormal GLM for fishcket reained CPUE time series
1985/86 1998/99 offering year, month, vessel, captain, and area as
explanatory variables. The final modet EAG was:

1 160°Y0 @QOI6 OO ORI Ao md v (10)

and for WAG was:
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1 1607Y0 OQMI6 O[O OGN e md ¢ (12)

h. Changes to any of the above since the previous assessment: Does not apply
for this assessment since the model has not yetdp@oved

i. Model code has been etkedand validated. The code is available from the

authos.

3. Model Selection and Evaluatio
a. Description of alternative model configurations:
We considered 2 scenarios for EAG (details are in Table 4) dddcenarios
for WAG (details are in Table 19). Weesented OFL and ABC results for
preferredsix and fivescenariogor EAG and WAG, respsively.

The preferredscerarios ae:

Scenario 1Two catchabilities, two total selectivities, and a single retention
curve The molt probability model is included in the size transition matrix
calculation;

Scenario 2:Three catchabilitiesthree total wlectivities and a singleretention
curve The molt probability model is included in the size transition matrix
calculation

Scenario 3:Same as scenarié, with an additionalcommercial fishery
standardized CPUE likelihood component;

Scenario5: Same asscenariol, but disregarding prd9%/97 for EAG and
pre-1995/96 for WAGtotal size composition and totedtch;

Scenario 1: One catchability, two total selectivitiesand a single retention
curve The molt probability model is included in the size &iion matrix
calculation. he observer CPUE indicese estimated using the whole time
seriesof data without any break point

Scenario 12: Same as scenario 1, but groundfish byocadctality data are

excluded in the model fit.
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. The entire time period 1985/88014/15 was sed to defineBgyren!Bres (Tier

4) and the 1986015 period was used to define mean number of recruits
(Tier 3).

Progression of results: Model was not previously used, so, not applicable.

. Evidence of search for balance between realistic and simpler snabidike
annually surveyed stocks, Aleutian Islands golden king crab stock biomass is
difficult to track anda few esgntial biological parameters are assumed based
on krowledge from red king crafe.g.,M of 0.18 and pot fishery handling
mortality rate of 0.2@ue to a lack of speciapecific information. We fixed a
number of model parameters after initially running the model \rige
parametersto reduce the number of parameters to be estimated (e.g.,
groundfish bycatch selectivity parameters were dj)xeThe twelveleleven
scenarios also considered different configuration of parameters to select the
parsimonious models. The detdllresults ofsome ofthe preferredscenaios

are provided irtables and figuresThe total and retained catch CGd-tor all
scenaios are provided in Tab 31.

. Convergence status and criteria: ADMB default convergence criteria.

Table of the sample sizes assumed for the size compositional data:

We estimated the inpuffective sample sizeas min(0.01*observed sample
size,200) for retainedcatch min (0.001*observed sample siz&€50) for total
catch, and min (0.1*observed sample size?5) for groundfish bycatch
mortality (see Tables 4 and 19 for detnil®We estimated the predicted

effective sample size froestimated inpugffective sample geas follows:
ny :é. IE}'/,I(]- 'Py,lI:')/ é.( B Rm)q' (12
| |

whereD ; and0 j areestimated and observed size compositions in yaad

length clasd, respectively We plotted the predicted effective sample sizes
against the input effective sample size®¥Ve used the above formuleo

iteratively reweighthe effective sanlp sizes in scenarig.
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g. Do parameter estimates make sen$ée estimated parameter values are
within the bounds and various plots support that the parameter values are
reasonable for a fixelll of 0.18for this stock.

h. Model selection criteria: We used a number of diagnostic critercargpare
variousmodek. CPUE fits, observed vs. gulicted tag recapture numbedrg
time-at-large and release size, observed and predicehrtengths by time
atlarge and releaséength class, anaatch and bycatch té. Figures are
provided forsomepreferredscenarios in the Results section.

i. Residual analysis: We illtmted residual fits by bubble plots in various
figures in the Results skon.

J. Model evaluation: Only one modalith a number of preferredcenarioss
presented and the evaluations are presented in the Results sectian below

4. Results
1. List of effective sample sizes and weighting factors:
The maximum effective sample sizes for various scéesare listed in Tables 4
and 19 respectively, for EAG and WAG. These weights (with the corresponding
standard errors) adequately fitted the length compositions and no further changes
were examined. The input effective sample sizes vs. predicted effeatinple
sizes are plotted in Figured &nd45 for retained catch,5land46 for total catch,
and B and47 for groundfish discardnortality for EAG and WAG, respectively.
Theline passing through the plot is the llihe and insomecaseshe points are
equdly spread on both sides of the line indicating that the input effective sample
Sizes are reasonable for tpeeferredscenariosWe also provide an exampdot
showing the result of iteratively weighting of the effective sample sizes for
retained cath in theEAG and WAGfor scenario XFigure64).

We used weighting factors (corresponding standard errors are included in
parentheses) for catch biomass, recruitment deviation, pot fishergndr,
groundfish ishery F We set the CPUE weights to 1 for all scenarios because

addifional variance components in the likelihoods showaddress under
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estimation of sampling variancé/e used the Burnham et al. (1987) suggested
formula for INCPUE) [and In(MMB)] variance estimation Equation B,
Appendix A), However, the estimated addiial variance values were small for
observer CPUE indices, but relatively large for the fish ticket CPUE indices.
Neverthelessthe CPUE index variances estimated from the negative binomial
and lognormal GLMsvere adequate to fit the modelarBmeter estimasare in
Tables 5 and 6 for EAG and 20 and 21 for WAG fiour arbitrarily selected
scenariosfrom preferred scenaripsrespectively The numbes of estimable
parameters are listed in Table Al of Appendix Fhe weighs with the
corresponding standard error specificasiaredetailed in Tables Raand A of
Appendix A for EAG and WAG, respectively.

2. Tables of estimates:

a. The parameter estimatesith one standard deviation fdour arbitrarily
selectedscenariogrom preferred scenari@ge summarized respectivety
Tables 5 and 6 for EAG and 20 andft WAG. We have also provided
the boundaries for parameter seaim those tablgsand the estimates
were within the bounds. Scenadodid not consider thenolt probability
function and determined the size transition matrix based on the linear
growth increment model with a normal growth variability model. On the
other handall otherscenarios considered mgitobability parametarin
addition to the linear growth increment and normal growth variability
parameterso determine the size transition matri

b. The estimated size transition maegfor the four arbitrarily selected
scenariosare summarizeth Tables7i 10 for EAG and in Tables 225
for WAG. Overall the matrix elements fothe four scenarios appear
reasonable to describe golden king crab growth

c. The matue male and legal malabundance time serigor the four
arbitrarily selectedscenariosare summarizedn Tables 111 14 for EAG
and Taltes 26 29 for WAG.
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d. The recruitment estimatder the fourarbitrarily selectd scenarios are
summarizedn Tables 11 14 for EAG and Table 26 29 for WAG.

e. The likelihood component values and the total likelihood valueshior
four arbitrarily selectedscenariosare summarizedh Table b for EAG
and Table30 for WAG.

3. Graphs of estimates:

a. Total selectivity and retention curves of the-paad postationalization
periods forthe fourarbitrarily selectedscenarios arélustrated in Figure
17 for EAG and Figure & for WAG. Total selectivity forthe pre
rationalization periodwas used in the tagging model. The groundfish
bycatch selectivity appeared flat in the preliminary analysdicating
tha all size groups were vulnerable to the gear. This is also shown in the
size compositions of grawlfish bycatchmortality (Figures Ba and13b,
and43 and 44, for scenario® and11 for EAG and scenarios 1 and 2 for
WAG, respectively). Thus, we set the groundfigiadich selectivity to .D
for all sizeclasses in the subsequent analysis.

b. The mature male biomass time series fo(@)Iscenarios are depicted in
Figures 26 and 56 and tHegal malebiomass time series faiour
arbitrarily selectedcenaios are illustrated in Figuré®/ and ¥ for EAG
and WAG respectively Mature male biomass tracked the CPUE trends
well for all scenarios for EAG, but for WAG, scenarios 3, 4, and 6 did not
track the CPUE after 200 The legalmale biomass trends tracked the
CPUE trends welfor thefour arbitrarily selectedscenarios for both EAG
and WAG The biomass variance was estimated using Burnhaal. et
(1987) suggested formula diation B in Appendix A). We determined
the mature male biomass values on 15 February and considered the entire
time series foByes (for Tier 4 approach) anfbr mean number of recruits
(for Tier 3 approachgalculatiors.

c. The full selectionpot fishery F over time for siscenarios for EAG is
shown in Figure & and forfive scenariofor WAG is depictedn Figure
58. The F peaked itate 1980s andl990s and systematically declined
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the EAG and generally declingdthe WAGIn subsequent yearbut with
aslightly increasing trend in the WA@ the recent years.

d. Fvs. MMB: We did not provide this figure because the model hagetot
beenapproved.

e. StockRecruitment relationship: None

f. The temporal changes in total number of recruits to the modeled
population for the fourarbitrarily selectedscenarios are illustrated in
Figure 2 for EAG and in Figure54 for WAG. The recruitment
distribution to the model s&z group (100185 mm CL) is shown in
Figures B and55for EAG and WAG, respectively for the foarbitrarily
selectedscenarios.

4. Evaluation of the fit to the data:

g. Fits to catches: The fishery retained, total, and groundfish bycatch
mortality (obsered vs. estimated) plots fahe four arbitrarily slected
scerarios are illustrated in Figure®iZ1 for EAG and 91 61 for WAG.

All predicted fits werevery closer to observed valuegspecially for
retained catch and groundfish bycatch mortality

h. Survey data plot: Wdid not consider the pot survey data foe fanalysis.

i. CPUE index data: The predicted vs. input CPUE indicesafbr(9)
scenarios are shown in Figu3 for EAG and Figure53 for WAG.
Scenario 3racks indicesbackto 1985/86.All scenarios appear to fit the
CPUE indicessatisfactorilyexcept senario 11 for EAG and scenarios 9
and 11 for WAG The CPUE variance was estimated using Burnhaah et
(1987) suggested formuladiation B in Appendix A).

j. Tagging data: The predicted vs observed tag recapyiengthclass for
years 1 to 6 recapturese depicted in Figure 2fbr EAG and Figureb2
for WAG. The predictions appear reasonabBserved and predicted
mean lengths of recaptures vs. release length for different periods of
recaptures for EAGagging data are tracking reasonably well (Figuzg 2
Note that we used thtagging informatioron molt probability and growth

per molt from EAG in all scenarider WAG exceptscenarid®.

22



k. Molt probability: The predictednolt probaliities vs. CLs for scenariol
are depicted in Figuré5 for EAG and WAS. The fits appear to be
satisfactory.

|. Fit to catch size compositions: Retained, total, and groundfish discard
length compositions are shown in Figulidsa, b; 12a, i 13 a,b; 69 a, b
and 70 a, lfor EAG forthe scenariog, 11, 1, and 12respectivey, and in
Figures 3i44, and 71 a, dor WAG for the scenarios 12, and 12,
respectivey. The retained and total catdize composition fits appear
satisfactory. We illustrate the standardized residual plots as bubble plots of
size composition overrtie for retaineaatch(Figures B and ® for EAG
and WAG, respectively), for totalatch(Figures ® and50 for EAG and
WAG, respectively), and for groundfish discard catch (Fig@@and51
for EAG and WAG, respectively).

m. Marginal distributions for thdits to the composition data: We did not
provide this plot in this report.

n. Plots of implied versus input effective sample sizes and time series of
implied effective sample sizesfhe input effective sample sizes vs.
predicted effective sample sizes aretigld in Figures 4 and 45 for
retained catch, 3 and 46 for total catch, and @ and 47 for groundfish
discard catch for EA@nd WAG, respectively. Thine passing through
the plot is thel:1 line and in someases the points aegjuallyspread on
both sids of the line indicating that thegut effective sample sizes seem
reasonable

0. Tables of RMSEs for the indices: We did not provide this table in this
report.

p. Quantilequantile plot: We did not provide this plot in this report.

g. Rerospective and historical analysis: The retrospective fitsHerfour
arbitrarily selectedscenariosare shown in Figur82 for EAG and in
Figure 62 for WAG. The retrospective patterns did not show severe
departure when ter minal year ds data \

hence the current formulation of the model appears stable.
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r. Others: Trend in estimated OFL catch against terminal MMB showed
systematic increaseavith increags in MMB, but not proportionateinder
Tier 4 calculation (Figure 66kigure 67 depicts the trendsF and MMB
underthe previous (i.e., May 2014 CPT presentation) Z formula and the
revised Z formula. The differences are minéigure 68 depict the
reduction in the equilibrium size composition at the initial year (1985) of
modeling forEAG andWAG. Figures ®a, 69b, 70a, and 70b shotihe
retained and total length composition pléds scenarios 1 and 12 models
respectively for EAGFigures 71a and 71b depidhe retained and total
length composition plots fahescenario 12 model for WAG.

5. Uncertairty and sensitivity analysis:

a. The main task was to determine a plausible size transition matrix to
project the population over tim&Ve investigated the sensitivity of the
modelto determindhe size transition matrix bysing or not using molt
probability (additional two parameters) functigSiddeeket al in press.

The modé fit is better when themolt probability model is included.

Therefore, most of our scenarios included the molt probability model.

We also determined likelihood values at differgntaluesand terminal
MMB and plotted component negative likelod aganst theq valuesand
MMB values, respectivelylt appears that therend in negative log
likelihood of CPUEwas similar tahat of the totafor changes i (Figure
33 for EAQ. The negative logtotal likelihood tracked well against
estmated terminal MNB (Figures 34 and 63) for EAG and WAG,

respectively.

F. Calculation of the OFL

Specification of the Tier level:
The Aleutian Islands golden king crab stocks are currently managed under Tier 5

(average catch OFL) control rule. Our analysitemptsto upgra@ this stock to
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the Tier 4 levelor possibl to the Tier 3 level The two Tier levelOFL

calculation proceduresre described below:

Tier 4 Approach:

. List of parameters and stock size required by the controarale

An average mature male bioma#4MB) for a specified periodIMB,s, current
MMB; anM value;and ag value.

. Specification of the total catch OFL:

(@) If MMB, 2 MMB,;, For =M

(b) If MMB, < MMB,_, and MMB, >0.25MMB,,, ,

ref

MMB,

(MMBref - 4)
Forr =M (1- a) (13)

(c) If MMB, ¢ 0.25MMB,,, For, =0

whereMMB; is mature male biomass year { MMBy¢ IS average mature male
biomass, and is a multiplying factor oM.

The OFL is estim#&ed by an iterative procedure accounting for intervening total
removals (see Appendix A for the formulas).

For the selection dfIMB,s, we chose thegriod from 1986to 2015. This resulted
in aMMB¢f range of 5.8861t0 6.365thousand metric tons for EAand4.707 to
5.105 thousand metric tons for WAG for thareferredscenarios. The current
MMB,g14 range wa®.722 to 11484 thousand metric tons for EAG add697to
5.250thousand metric tons for WAG for thpeferredscenarios, resulting in an
ForL Of 0.18 for EAG and slightly less foscenario 11 foWAG. The total OFL
for EAG rangedfrom 1.318 to 1608 thousand metric tons ar@703 to 0.763
thousand metric tons for WAG for tipeeferredscenarios. Thegvalue was set to
1.0 and anM value of 0.18 was udefor OFL calculation(see tables in the

Executive Summary)
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3. Specification of the retained catch portion of the total catch OFL:
We applied theFor. with the retention curveo calculate the retained catch
portion of the total catch OFL. The retained ba@FLs for EAG ranged from
1,280to 1,563t and that for WAG range@b7to 717t for thepreferredscenarios

4. Recommendation fdfFor,, OFL total catch, and the retained catch portion of the
OFL for coming year:
EAG: For = 0.18; OFL total catch %,361, retained catch portion of the OFL =
1,315t (under scenari®?).
WAG: For. = 0.18; OFL total catch #41t; retained catch portion of the OFL =
696t (under scenari®?).

Tier 3 Approach:
The critical assumptions for reference point estimation are:

a. Naturalmortality is constant (0.18) over alf $ize groups.

b. Growth transition matrix is estimated using tagging data thigimolt probability
submodel.

c. The catchability parameter estimate for the 2002/08!/15period is used.

d. Total fishery selectivityand retention curves are length dependerdnd the
2005/062014/15 period selectivity estimates are used. Groundfish bycatch
fishery selectivity is kept constaat 1.0 for all length groups

e. Model estimated molt probability is not time dependentjbleingthdependent.

f. Model estimatd recruits (inmillions of cral) are averaged for the time period
1986 to 20% (30 years)

g. Model estimated groundfish bycatch mortality values are averaged for the period
2004 to 2013 (10 years).

Method: We simulated the popation abundance starting from the model estimated
terminal year stock size by length, model estimated parameter values, a fishing mortality
value (F), and adding a constant number of annual recruits. Once the stock dynamics

werestabilized (we used the 89ear estimates) for an F, we calculated the MMB/R for
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that F.

We computed the relatiMMB/Rin percentage,— o (wherex% = ——

p mmNdD O O FYis the virginMMB/R) for different F values.
Fssis the Fvaluethat produces th®IMB/R value equal t&5% of 0 0 6 Y.

MMB;3s (or Bgs) is estimatedising the following formula:

006

—_— Y , whereY is the mean number of model estimated recruits for

a selected period.

0

is determined using EquatioB Teplacing O0by™O anddé byo

Recommendation foFor, OFL total catch, and the retained catch portion of the OFL

for coming year:

EAG: For. = 0.3; OFL total catch 2,528t, retained catch portion of the OFL =
2,440t (under scenari@2).
WAG: For = 028; OFL total catch 4,106t; retained catch portion of the OFL =
1,037t (under scenari@?).

G. Calculation of the ABC

Specification of the probability distribution of the totatch OFL.:

We estimated the cumulative probabilitijstribution of OFL assuming a log
normal distributiorof OFL. We calculated the OFL at the 0.5 probability and the
ABC at the 0.49 probability. The ABC estimate varied for different scenarios,

Under Tier4 approach, the ABC estimateanged 1311to 1,602t for EAG and
701to 761t for WAG for thepreferredscenarios

Under Tier 3 approach, the ABC estinsatanged2,515 to 2975t for EAG and
1,008 to 1,185t for WAG for the preferredscenarios(see the dbles in the

executive summary).

H. Rebuilding Analysis
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Not applicable.

|. Data Gaps and Research Priorities

1. The recruit abundances were estimated from commercial catch sampling data.
The implicit assumption in the analysis was that the estimated recroies co
solely from the same exploited stock through growth and mortalitye
currentanalysis did not consider thgossibility that additional recruitment
may occurthroughimmigration from neighboringreas and possibly separate
substocks. Extensive tagging@eriments or resource surveys are needed to
investigate stock distributions.

2. An independent estimate dfl is needed for this stock. Tagging is one

possibility.

3. An extensive tagging study will also provide independent estimates of molting
probability and gowth. We used the historical tagging data to determine the

size transition matrix.

4. An arbitrary 20% handling mortality rate on discarded mafes usegdwhich
was obtainedrom the red king crab literature (Kruse et al. 208@deek
2002. An expemnentlly-based independent estimate of handling mortality is

needed for golden king crab.
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Tablel. Time series of annual retained catch (nundomadt weightof crab), estimatedotal male

catch (numbeand weightof crab on the deck), pot fishery effort (number of pot lifts), and
estimatedgroundfish fishery discard maiity (numberand weightof cra (handling mortality

rates of 50% for pot and 80% for trawl gear were applied, only to the male portion) for the EAG
golden king crab stock he crab numbers are for the size rangd 10Q+ mm CL.1985refers to

the 1985/8 fishery. NA: no observer sampling to compute total catch. The directed fishery data
included costrecovery beginning in 2013/14.

Retained Retained Total Total 'Pot Groundfish Gro'undfish
vear Catch ?atch Catch Qatch Fishery Discard Dlsgard

(no.) Biomass o) Biomass Effort'(no. Mortality(no.) Mortality (t)

(®) (®) pot lifts)

1985 1251267 2695 117718
1986 1374943 2818 155240
1987 968614 1893 146501
1988 1156046 2397 155518
1989| 1419777 2753 155262 388 0.61
1990| 892699 1632 1148518 1422 106281 1190 1.98
1991| 1083243 2018 4385096 5910 133428 0 0.00
1992 1127291 2115 4331508 5589 133778 779 1.01
1993 767918 1415 NA NA 106890 719 0.95
1994| 1086560 2029 1712658 2001 191455 311 0.29
1995| 1150168 2211 2742782 3742 177773 569 0.78
1996\ 848045 1615 1452362 2064 113460 46 0.04
19971 780481 1474 1788351 2555 106403 76 0.10
19981 740011 1407 2011777 2804 83378 587 0.76
1999 709332 1329 1556398 2287 79129 284 0.35
20001 704363 1352 1706999 2564 71551 387 0.47
2001} 730030 1394 1352904 2105 62639 934 1.47
2002 643668 1236 1119586 1808 52042 707 0.68
2003| 643074 1287 1111206 1825 58883 392 0.43
2004| 637536 1261 965443 1627 34848 59 0.12
2005 623971 1262 927444 1724 24569 252 0.28
2006| 650587 1375 860688 1632 26195 679 0.70
2007| 633253 1316 911185 1802 22653 697 0.69
2008| 666947 1406 929694 1799 24466 808 0.85
2009 679886 1433 936938 1761 26298 718 1.14
20101 670698 1398 935574 1729 25851 2415 2.41
2011| 668828 1428 920866 1747 17915 1208 1.15
2012} 687666 1482 990519 1939 20827 2058 3.61
2013 720220 1529 978645 1829 21388 274 0.71
2014 719064 1536 1012683 1951 17002 - -
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Table 2.Time series of nominal annual pot fishery retained, observer retained, and observer total
catchperunit-effort (CPUE, number afrabper pot lift), observesample size (number of

sampled pots), and GLM estimated observer CPUE Index for thegehign king crab stock
Observer retaine@PUE includes retained and nmtained legal sizeraband1990 refers to the
1990/91 fishery.

.POt Obs. Obs. Obs.
Fishery . . Sample  Obs.
) Nominal Nominal .
Nominal . Size CPUE
Year . Retained Total
Retained CPUE CPUE (no.pot  Index
CPUE lifts)
1990 8.898 2.167 13.000 138
1991 8.199 17.357 36.911 377
1992 8.364 10.427 38.522 199
1993 7.786 5.074 20.815 31
1994 5.892 2.540 12911 127
1995 5.888 5.063 16.981 6388 0.734
1996 6.451 5.168 13.806 8360 0.758
1997 7.336 7.126 18.248 4670 0.791
1998 8.875 9.170 25.766 3616 0.954
1999 8.964 9.251 20.773 3851 0.884
2000 9.849 9.922 25.390 5043 0.907

2001 11.655 11.140 22.479 4626 1.184
2002 12.372 11.992 22.593 3980 1.261
2003 10.921 11.022 19.431 3960 1.105
2004 18.295 17.732 28.483 2206 1.802
2005 25.397 29.439 38.475 1193 1.053
2006 24.836 25.203 33.520 1098 0.844
2007 27.954 31.088 40.373 998 0.977
2008 27.260 29.733 38178 613  0.949
2009 25.853 26.643 35.891 408  0.789
2010 25.956 26.052 36.763 436 0.802
2011 37.333 38.793 51.691 361 1.161
2012 33.018 38.000 47.744 438 1.116

2013 33674 35827  46.162 499 4077
2014 45203 46959  59.997 376 1374
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Table 3.Time seies of GLM estimated CPUE Indices and standard errors for the fish ticket
based retained catger-pot lift for the EAGgolden king crab stockrhe GLM was fitted to the
1985/86 to 1998/99 timseries of data and used in scenari@IB5 refers to the 1986 fishery.

CPUE Standar
Year Index d Error

1985 1.671 0.078
1986 1.222 0.065
1987 0.958 0.061
1988 1.026 0.050
1989 1.041 0.043
1990 0.826 0.052
1991 0.841 0.052
1992 0.928 0.053
1993 0.897 0.056
1994 0.801 0.053
1995 0.769 0.053
1996 0.827 0.055
1997 1.196 0.059
1998 1.357 0.064
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Table 4. Optimization scenarios considered
Aleutian Islands golden king crab (EAG) stock.

for the stock assessment model for the eastern

Scenario Likelihood/Penalty Maximum Effective
Weights (CV)* SampleSize

1 Two catchability, two sets oftotal Retained catch = 500 Retained = 200, total =
selectivity, and a singleset of (0.032), total catch = 150, groundfishdiscard
retention curve parameters weighted by number of pots =25
Commercial fishery retained catch fc sampled scaled to a
1985 2014, total fishery catch for maximum of 300,

1990 2014, observer legal size crab groundfish discard catchk
CPUE index for 19952014, and (0.805), recruitment
groundfish lycatch for 19882013; M  deviation = 2.0 (0.533), pol
= 0.18, pot fishery handling mortality fishery F deviation (initial)
= 0.2, and ground fish bycatch = 1000 (0.022) (later
handling mortality for trawl = 0.8 anc relaxedto 0.001(very

for pot = 0.5. Tageleaserecapture high)), penalty for

size data for 1991, 1997, 2000, 200: regularizing the mean F to
and 2006. Size transition matrix was 0.35 (initial) = 1000 (later
calculatedrom tagging data by the  relaxed to 0.001),

normal probability function with the groundfish bycatch fishery
molt probability submodel. Two F deviation (initial) = 1000
logistic selectivity models and two  (later relaxed to 0.001), anc
catchability coefficients were posfunction = 1000.
considered for the prand post

rationalization periods. Groundfish

fishery selectivity was $¢o 1.

2 Scenario 1, buthree catchability Same as scenario 1. Same as scenario 1.
three sets of total selectivifgr
1985/86i 1998/99, 1999/90
2004/05, and 2005/68014/15, and a
single set of retention curve
parameters

3 Scenario 1but1985 1998 Same as scenario 1. Same as scenario 1.
commercial fishery retained CPUE
indicesare considereds an dditional
likelihood component

4 Scenario 1, bt without molt Same as scenario 1. Same as scenario 1.
probability model.

5 Scenarial, buttotal catch and length Same as scenario 1. Same as scenario 1.
frequency time series from 1996/97
onwardare considereth the
likelihood functions to avoid
unusually high total catches in
1994/95 and 1995/96 seasons.

6 Scenario 1, but effectiveample sizes Same as scenario 1. Iteratively estimated
for retained catch, total catch, and effective sample sizes
groundfish bycatclare iteratively
estimated

7 Scenario 1lbutevaluated the effect o Same as scenario 1. Same as scenario 1.
different mean F (0.09, 0.18, 0.45) ir
the Fperalty function
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Table 4 continued.

Scenario 1butinitial size Same as scenario 1.

composition from equilibrium
estimatds considered. 1981/82
1983/84 retained catchemeaused in
the equilibrium likelihood penalty

Same as scenario 1.

10

11

12

Scenario 1 andxplored the Same as scenario 1.

component likelihoods for varying
fixed values of terminal MMB.

Scenario 1 andxplored the Same as scenario 1.

component likelihoods for varying

fixed values ofthe pair ofcatchability

coefficients

Scenario 1butobserver CPUE Same a scenario 1.
indicesare estimated considering the

whole 199%96-2014/15 time series a:

one and a single catchability

parameter is estimated

Scenario 1, bugroundfish bycatch Same as scenario 1.

biomass and length composition dat
are not considered fane model fit A
mean bycatch F of 0.000148 is
considered..

Same as scenario 1.

Same as scenario 1.

Same as scenario 1.

Same as scenario 1.

2 § & QDEGSIMG| Qo B 9
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Table 5. Parameter estimates and standard deviations with the 2015 (February 15) MMB for
scenarios 2 and 3 for the golden king crab data from the EAG, 1928/B815. A total of 124

and 122 parameters for the two respective scenarios were estimated, but recruitment and fishing
mortality deviations and initial size frequency determination parameters were omitted from this
list. Initial size structure was created using an exponeuwtiaifla (Appendix A).

Scenario 2 Scenario 3
Parameter Estimate Std Dev  Limits Estimate Std Dev  Limits

log_a 2.537 0.017 1.,4.50 2.540 0.016 1.,4.50
G b -8.547 1.821 -10.0;5.0 -9.141 1.778 -40.0;2.0

-4.61; -4.61;
log_aa -2.602 0.090 1.39 -2.494 0.073 1.39
log_b 4.949  0.006 3.869,5.0 4.954  0.005 3.869,5.0
Growth StdDev 3.690 0.101 0.1,12.0 3.677 0.100 0.1,12.0
log_T98delta 3.561 0.235 0.4.4
log_TO4delta 3.186 0.130 0.,4.4 3.378 0.133 0..4.4
log_T12delta 3.072 0.196 0.4.4 3.046 0.196 0.4.4
log_Retdelta 1.859 0.078 0.,4.4 1.842 0.081 0.,4.4
log_ T98L50 4.809 0.032 0.4.4
log_TO04L50 4.863 0.018 4.0,5.0 4.817 0.018 4.0,5.0
log_T12L50 4916 0.023 4.0,5.0 4.906 0.020 4.0,5.0
log_RetL50 4914 0.002 4.0,5.0 4.913 0.002 4.0,5.0
log_betar -0.772 0.242 -10.0,12.0  .0.823 0.235 -10.0,12.0
Logql -0.476 0.142 -9.0,2.25
logg2 -0.351 0.129 -9.0, 2.25 -0.534 0.083 -9.0, 2.25
logg3 -0.886 0.223 -9.0,2.25 -0.940 0.182 -9.0,2.25
log_newshl 2.109 0.066 0.01, 10.0 2.086 0.059 0.01, 10.0
log_mean_rec 0.767 0.058 0.01,5.0 0.758 0.052 0.01,5.0

-15.0,- -15.0,-
log_mean_Fpot -0.791 0.111 0.013 -0.861 0.089 0.01
log_mean_Fground -9.151 0.871 -15.0,-1.6 -9.156 0.868 -15.0,-1.6
prelegal_var 0.020 0.008 0.0,0.15 0.016 0.006 0.0,0.15
Fishtick var 0.049 0.021 0.0,1.0
Ftemp 0.180 0.707 0.0,0.75 0.180 0.707 0.0,0.75

2015 MMB 10289 4852 10140 4928
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Table 6. Parameter estimates and standard deviations with the 2015 (February 15) MMB for
scenarios 5 and 11 for the golden king crala di@m the EAG, 1985/8§@2014/15. A total of 121

and 120 parameters for the two respective scenarios were estimated, but recruitment and fishing
mortality deviations and initial size frequency determination parameters were omitted from this
list. Initial Sze structure was created using an exponential formula (Appendix A).

Scenario 5 Scenario 11

Parameter Estimate Std Dev Limits Estimate Std Dev Limits
log_a 2.539 0.017 1.0,4.5 2.539 0.017 1.04.5
G b -8.729 1.808 -12.0;5.0 -8.641 1.804 -10.0,-5.0
log_aa -2.544 0.079 -4.61;1.39 -2.556 0.079 -4.61;1.39
log_b 4.953 0.005 3.869,5.0 4.952 0.005 3.869,5.0
Growth StdDev 3.692 0.101  0.1,120 3.688 0.101 0.1,12.0
log_TO4delta 3.263 0.118 0.4.4 3.278 0.116 0.44
log_T12delta 3.062 0.195 0.,4.4 2.983 0.172 0.4.4
log_Retdelta 1.871 0.084 0.4.4 1.884 0.083 0.44
log_T04L50 4.840 0.016 4.0,5.0 4.845 0.016  4.0,5.0
log_T12L50 4.912 0.021 4.0,5.0 4.901 0.015 4.0,5.0
log_RetL50 4.913 0.002 4.0,5.0 4.914 0.002 4.0,5.0
log_betar -0.830 0.246 -10.0, 2.0 -0.840 0.244 -10.0,12.0
logq2 -0.445 0.099 90,225 -0.759 0101 90,225
logqg3 -0.899 0.201 -9.0,2.25
log_newsh1 2.099 0.070 0.01,10.0 2.091 0.071 0.01,10.0
log_mean_rec 0.747 0.055 0.01,5.0 0.791 0.048 0.01,5.0
log_mean_Fpot -0.822 0.094 -15.0,-0.01 -0.873 0.082 -15.0,-0.09
log_mean_Fground -9.139 0.887 -15.0,-1.6 -9.192 0.895 -15.0,-1.6
prelegal_var 0.019 0.007 0.0,0.15 0.018 0.007 0.0,0.15
Ftemp 0.180 0.707  0.0,0.75 0.180 0.707 0.0,0.75
2015 MMB 10069 4820 11465 5710

38



Table 7. Estimate of th&ize transition matrix for scenarid@ the golden king crab data from the EAG.

0.0€ 0.02 0.21 0.47 0.22 0.02 0.0C 0.0C 0.0C 0.0c 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0d
0.0C 0.08 0.02 0.23 0.4€ 0.1¢ 0.02 0.0C 0.0C 0.0c 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0d
0.0C 0.0C 0.11 0.03 0.24 0.44 0.17 0.01 0.0C 0.0c 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0d
0.0C 0.0C 0.0C 0.1t 0.03 0.2t 0.42 0.14 0.01 0.0c 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0d
0.0C 0.0C 0.0C 0.0C 0.21  0.03 0.25 0.38 0.12 0.01 0.0C 0.0 0.0C 0.0C 0.0C 0.0C 0.0(
0.0C 0.0 0.0C 0.0C 0.0C 0.2 0.04 025 0.34 0.1 0.01 0.0 o0.0C 0.0C 0.0C 0.0C 0.0(
0.0C 0.0 0.0C 0.0C 0.0C  0.0C 0.3€ 0.04 0.22 0.2¢ 0.08 0.0C 0.0C 0.0C 0.0C 0.0C 0.0(
0.0C 0.0 0.0C 0.0C 0.0C  0.0C 0.0C 0.44 0.04 021 024 0.06 0.0C 0.0C 0.0C 0.0C 0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.54 0.04 0.19 0.2¢ 0.04 0.0C 0.0C 0.0C 0.0d
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.63 0.03 0.16 0.15 0.03 0.0C 0.0C 0.0d
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0c 071 0.03 0.13 0.11 0.0z 0.0C 0.0d
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0 0.0C 0.78 0.03 0.1¢ 0.0¢ 0.01 0.0d
0.0C 0.0 0.0C 0.0C 0.0C  0.0C 0.0C 0.0c 0.0C 0.0 0.0C 0.0C 0.84 0.02 0.0¢ 0.0¢ 0.01
0.0C 0.0C 0.0C 0.0C 0.0C  0.0C 0.0C 0.0c  0.0C 0.0 000 0.0 0.0C 0.88 0.0z 0.0¢ 0.04
0.0C 0.0 0.0C 0.0C 0.0C  0.0C 0.0C 0.0c 0.0C 0.0 0.0C 0.0 0.0C 0.0C 0.9z 0.01 0.07
0.0C 0.0C 0.0C 0.0C 0.0C  0.0C 0.0C 0.0c 0.0C 0.0 0.0C 0.0 0.0C 0.0C 0.0C 0.94 0.04
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 1.0(
Table 8. Estimate of th&ize transition matrix for scenarid@ the golden king crab data from the EAG.
0.04 0.02 0.20 0.48 0.24 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.06 0.02 0.22 0.47 0.21 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.09 0.02 0.24 0.46 0.18 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.12 0.03 0.25 0.43 0.16 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.18 0.03 0.25 0.40 0.13 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.24 0.04 0.25 0.36 0.10 0.01 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.04 0.24 0.31 0.08 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.43 0.04 0.22 0.26 0.06 0.00 0.00 0.00 0.00 o0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.04 0.19 0.20 0.04 0.00 0.00 0.00 o0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.03 0.16 0.15 0.03 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.72 0.03 0.12 0.11 0.02 0.00 0.00
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Table 8 continuec

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.79 0.02 0.09 0.07 0.01 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.85 0.02 0.07 0.05 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.90 0.02 0.05 0.04
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.93 0.01 0.06
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95 0.05
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Table 9. Estimate of th&ize transition matrix for scenaridér the golden king crab data from the EAG.
0.0t 0.02 0.21 0.48 0.23 0.02 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C  0.0(
0.0C 0.07 0.02 0.23 0.47 0.2C 0.02 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C  0.0(
0.0C 0.0C 0.1C 0.03 0.24 0.4t 0.17 0.01 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C  0.0(
0.0C 0.0C 0.0C 0.14 0.03 0.2t 0.42 0.1t 0.01 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C  0.0(
0.0C 0.0C 0.0C 0.0C 0.1¢ 0.03 0.25 0.3¢ 0.13 0.01 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.2€ 0.04 0.25 0.3t 0.1C 0.01 0.0C 0.0C 0.0C 0.0C 0.0C 0.0(
0.0C 0.0C 0.0C 0.0C 0.00 0.0C 0.34 0.04 0.24 0.3C 0.08 0.0C 0.0C 0.0C 0.0C 0.0C 0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.43 0.04 0.22 0.25 0.06 0.0C 0.0C 0.0C 0.0C 0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.53 0.04 0.18 0.2C 0.04 0.0C 0.0C 0.0C  0.0(
0.0C 0.0C 0.0C 0.0C 0.00 0.0C 0.0C 0.0C 0.0C 0.63 0.03 0.16 0.1t 0.03 0.0C 0.0C  0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.71 0.03 0.13 0.11 0.0z 0.0C  0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.79 0.03 0.1C 0.0¢ 0.01 0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.84 0.02 0.07 0.0t 0.01
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.89 0.0z 0.0t 0.04
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.9z 0.01 0.06
0.0C 0.0C 0.0C 0.00 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.9t 0.05
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 1.0d
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Table 10. Estimate of the size transition mafiixscenario 1for the golden king crab data frothe EAG.

0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.02
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.21
0.02
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.48
0.23
0.03
0.14
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.22
0.47
0.24
0.03
0.19
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.02
0.20
0.45
0.25
0.03
0.26
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.02
0.17
0.42
0.25
0.04
0.34
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.01
0.15
0.39
0.25
0.04
0.44
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.12
0.35
0.24
0.04
0.53
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.10
0.30
0.22
0.04
0.63
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.01
0.08
0.25
0.19
0.03
0.71
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.20
0.16
0.03
0.79
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.15
0.13
0.03
0.84
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.11
0.10
0.02
0.89
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.08
0.07
0.02
0.92
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.05
0.05
0.01
0.95
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.04
0.06
0.05
1.00
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Table 11. Annual abundance estimates of model recruitbofmi of crab), legal male biomass

with standard deviation (t), and mature male biomassstathdard deviation (t) for scenariddz
golden king crab in the EAG. Legal male biomass was estanan July 1 (start of biological
year)and mature male biaass for year y was estimated on February 15, year y+1 after the year y
fishery total catch removal. NA = not availakl®85 refers to the 1985/86 fishery.

Recruits to the ~ Mature Male Legal Male
Year Model ( Biomass Star?dgrd Bi omas s Star.1dz?1rd
Deviation Deviation
mm CL) ( O 121 136 mm CL)

1985 NA 8328 1528 8373 1111
1986 1.54 6284 382 8057 734
1987 3.10 5358 317 6203 366
1988 3.89 4911 331 5306 290
1989 1.32 4622 308 4736 279
1990 213 4600 324 4312 271
1991 4.23 4219 362 4445 205
1992 1.82 4707 363 4115 325
1993 1.78 5125 314 4418 320
1994

2.32 4646 277 4933 281
1995 1.20 4067 237 4519 249
1996 1.65 3755 225 3891 224
1997 216 3524 226 3647 216
1998 1.8 3624 272 3422 222
1999 273 3928 332 3477 269
2000

1.90 4562 383 3789 329
2001 1.73 4945 444 4356 379
2002 2.88 5310 511 4774 436
2003 1.73 6096 629 5201 499
2004

1.27 6457 723 5894 602
2005 257 6311 787 6294 696
2006

218 6649 884 6233 764
2007

214 7036 986 6483 852
L 2.38 7321 1076 6856 950
2009 1.58 7621 1150 7156 1040
2010 3.25 7662 1207 7427 1114
2011 3.16 8431 1380 7552 1178
2012 2.42 9348 1573 8219 1329
2013 2.28 9823 1739 9082 1516
2014 2.22 10000 1916 9610 1688
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Table 11 continued

2015 215 10289 4852 9821 1865
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Table 12. Annual abundance estimates of model recruits (milliooldf legal male biomass

with standard deviation (t), and mature male biomassstathdard deviation (t) facenam 3 for

golden king crab in the EAG. Legal male biomass was estinoatddly 1(start of biological year)

and mature male biomass for year y was estimated on February 15, year y+1 after the year y
fishery total catch removal. NA = not availakl®85 refers to # 1985/86 fishery.

Recruits to the Maéyre Male Legal Male
Model ( lomass Standard Bi omas¢ Standard

Year mm CL) ( O 121 Deviation 136 mm CL) Deviation
1985 NA 7452 1370 8408 975
1986

1.49 6021 336 7639 688
1987 2.94 5177 280 5996 329
1988 357 4726 278 5190 262
1989 1.35 4385 249 4667 247
1990 2.20 4369 261 4222 233
1991 3.82 4042 303 4333 250
1992 1.76 4452 308 4038 281
1993 1.78 4828 257 4311 284
1994 250 4384 226 4769 244
1995 1.27 3970 214 4367 216
1996 1.92 3786 227 3882 210
1997 2.49 3787 243 3762 221
1998 1.97 4173 274 3764 237
1999 245 4593 313 4102 267
2000

211 5107 349 4556 304
2001 1.63 5517 395 5051 341
2002

2.68 5803 442 5462 385
2003 158 6432 531 5807 433
2004

1.22 6612 612 6361 515
2005 253 6336 673 6568 508
2006 216 6638 763 6354 661
2007 2.04 7008 850 6577 744
L 2.37 7242 923 6941 831
2009

1.59 7543 987 7202 905
2010 3.17 7584 1034 7471 968
2011 3.04 8350 1182 7589 1021
2012 241 9233 1345 8281 1154
2013 226 9702 1499 9134 1317
2014 2.20 9885 1686 9643 1477
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Table 12
continued

2015

2.14 10140 4928 9843 1661
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Table 13. Annual abundance estimates of model recruits (millioosabf legal male biomass

with standard deviation (t), and mature male biomassstathdard deviation (t) for scenaridds

golden king crab in the EAG. Legal male biomass was estinmatetuly 1 (start of biological
year)and mature male biomass for year y was estimated on February 15, year y+1 after the year y
fishery total catch removal. NA = not availakl®85 refers to th&985/86 fishery.

Recruits to the Mz:gre Male Legal Male
Mo del ( lomass Standard Bi omas s Standard

Year mm CL) ( 6 121 Deviation 136 mm CL) Deviation
1985 NA 7244 859 9306 1012
1986 1.44 6144 384 7552 506
1987 278 5204 304 6018 328
1988 3.99 4773 307 5249 285
1989 1.49 4649 299 4679 270
1990 2.04 4778 327 4411 274
1991 3.11 4454 383 4675 311
1992 1.90 4533 364 4395 356
1993 1.84 4870 295 4379 337
1994 2.06 4416 241 4765 278
1995 1.02 3775 206 4337 226
1996 212 3372 217 3657 203
1997 2.43 3420 236 3334 214
1998 1.94 3811 273 3347 231
1999 251 4230 316 3690 266
2000

2.00 4781 360 4146 308
2001 1.67 5167 410 4668 352
2002

274 5483 463 5069 401
2003 1.64 6173 561 5444 454
2004

1.25 6434 644 6052 542
2005 253 6226 704 6347 626
2006 217 6545 797 6208 690
2007

2.08 6927 892 6444 775
2008

237 7190 973 6817 868
2009 1.56 7494 1043 7102 950
2010 318 7524 1094 7375 1019
2011 3.07 8281 1254 7487 1078
2012 239 9169 1432 8157 1219
2013 224 9630 1595 9006 1395
2014 218 9796 1778 9513 1563
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Table 13 continued.

2015 2.11 10069 4820 9703 1745
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Table 14. Annual abundance estimates of model recruits (millioosabf legal male biomass

with standard deviation (t), and mature male biomass st&thdard deviation (t) fascenario 11

for golden king crab in the EAG. Legal male biomass was estimatddly 1 (start of biological
year)and mature male biomass for year y was estimated on February 15, year y+1 after the year y
fishery total catch removal. NA = not availakl®85 refers tahe 1985/86 fishery.

Recruits to the Mz:gre Male Legal Male
Mo del ( lomass Standard Bi omas s Standard

Year mm CL) ( 6 121 Deviation 136 mm CL) Deviation
1985 NA 8648 937 8360 1131
1986

1.50 6253 355 8107 710
1987 2.85 5282 301 6176 338
1988 3.04 4781 306 5259 280
1989 1.50 4643 297 4672 268
1990 2.04 4776 326 4388 271
1991 311 4455 382 4656 309
1992 1.90 4534 363 4380 354
1993 1.84 4871 204 4362 334
1994 2.04 4413 240 4748 276
1995 1.03 3762 206 4319 224
1996 214 3365 217 3632 202
1997 2.45 3425 238 3315 214
1998 1.97 3832 278 3338 232
1999 256 4276 325 3695 271
2000

2.06 4865 372 4176 317
2001 1.74 5300 421 4733 364
2002 2.93 5682 468 5183 414
2003 1.79 6505 540 5627 461
2004

1.37 6895 578 6359 527
2005 276 6790 598 6784 568
2006

235 7254 650 6757 590
2007

2.28 7769 707 7126 636
2008

257 8157 762 7631 695
2009

1.71 8575 824 8039 752
2010 3.59 8690 875 8424 812
2011 3.39 9651 1028 8630 870
2012 257 10729 1214 9482 1008
2013 2.41 11282 1419 10514 1194
2014 2.28 11484 1653 11125 1399
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Table 14 continued

2015 2.21 11465 5710 11354 1629
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Table 15. Negative lotikelihood values of the fits for scenarios 2,3,5, and 11 for golden king
crab in the EAG.

Likelihood Component Scenario 2 Scenario 3 Scenario 5 Scenario 11
Number offree parameters 124 122 121 120
like_retlencomp -891.04 -890.40 -889.84 -891.27
like_totallencomp -870.66 -868.06 -732.45 -732.46
like_gdiscdlencomp -649.40 -647.80 -648.59 -649.23
like_retcpue -10.50 -12.50 -10.98 -11.11
like_retdcatchB 8.28 8.74 5.94 5.92
like_totalcatchB 30.86 32.25 11.75 11.60
like_gdiscdcatchB 0.00 0.00 0.00 0.00
like_rec_dev 5.56 4.84 4.89 5.03
like_meanFpot 0.00 0.00 0.00 0.00
like_F 0.01 0.01 0.01 0.01
like_gF 0.02 0.02 0.02 0.02
like_Tag 2688.62 2691.78 2690.57 2690.46
like_finalF 0.00 0.00 0.00 0.00
like_fpen 0.00 0.00 0.00 0.00
-0.83

Likefishtick CPUE

311.75 318.06 431.32 428.98
Total
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Table 16.Time series of annual retained catch (nundvet weightof crab), estimatedotal male
catch (numbeand weidnt of crabon the deck), pot fishery effort (number of pot lifts), and
estimatedgroundfish fishery discard mortality (numband weightof cra (handling mortality
rates of 50% for pot and 80% for trawl gear were applied, only to the male portithg \&WAG
golden king crab stock he crab numbers are for the size rangd 10Q+ mm CL.1985refers to
the 1985/86 fishery.

Retained Retained Total Total 'Pot Groundfish Grqundfish

Year Catch ?atch Catch Qatch Fishery Discard D|scqrd
(no) Biomass (o) Biomass Effortl (no. Mortality(no.) Mortality
) ) pot lifts) ®

1985 9g1949 2010 118563
1986| 2052652 4230 277780
19871 1248732 2514 160229
1988| 1085914 2454 166409
1989 1610281 3047 202541 51 0.08
19901 ggg017 1630 2753326 3601 10833 374 0.57
1911 747852 1355 1827434 2572 101429 16 0.03
1992 543541 1025 1113229 1520 69443 318 0.43
1993| 352339 665 2001547 2822 127764 0 0.00
19941 g45058 1617 3634246 4953 195138 82 0.12
1995| 619636 1185 1567028 2132 115248 628 0.71
1996| 652801 1231 1269315 1767 99267 559 1.04
19971 558446 1062 1236592 1799 86811 211 0.37
1998|  g5p5407 931 782551 1087 35975 1182 1.85
1999|  gsg377 1235 1467177 2093 107040 1091 1.42
2000 753794 1378 1612997 2233 101239 692 0.80
2001 Gge73s8 1282 1503857 2138 105512 303 0.43
2002 ggag23 1214 1335068 1893 78979 700 0.92
2003 676633 1245 1192551 1862 66236 200 0.31
2004 Gg5465 1262 1249016 1880 56846 699 0.95
2005| 639368 1230 1079095 1780 30116 1798 3.46
2006| 553701 1048 894219 1547 26870 1311 2.28
20071 600595 1230 965889 1609 29950 943 1.50
2008 5g7661 1208 997465 1730 26200 3979 6.45
2009 g2g332 1333 900797 1676 26489 2173 4.31
20101 626246 1338 868127 1588 29994 1056 2.48
2011 616118 1332 817532 1514 26326 1576 2.25
2012\ 72016 1404 1000311 1822 32716 2216 374
2013|  6ge883 1440 1037749 1901 41835 2090 2.99
2014\ 35312 1257 935794 1591 41548 - -
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Table 17.Time series of nhominal annual pot fishery retained, observer retained, and observer
total catchperunit-effort (CPUE, number ofrabper pot lift), obgerver sample size (number of
sampled pots), and GLM estimated observer CPUE Index for the @bAden king crab stock

1990 refers to the 1990/91 fishery. Observer retained CPUE includes retained anthimea

legal sizecrah

Pot Obs. Obs. Obs.
Fishery Obs. Nominal ~Sample CPUE
Nominal Nominal Total Size Index
Retained Retained CPUE (no.pot
Year CPUE CPUE lifts)
1990 6.980  11.833  26.667 340
1991 7.428 7778  19.175 857
1992 5.895 6.393  16.829 630
1993 4.425 6.542  17.232 174
1994 4.080 6.714  19.234 1270
1995 4.647 4.964 14279 5598 1.174
1996 6.074 5424  13.537 7194 0.952
1997 6.561 6.520  15.027 3985 0.962
1998 11.397 9.415  23.085 1876 1.070
1999 6.321 5026  14.485 4523 0.909
2000 6.970 6.402  16.644 4740 0.853
2001 6.509 5993  14.657 4454 0.827
2002 8.418 7.465  17.373 2509  0.924
2003 10.215 9.280  18.170 3334 1.157
2004 12.058  11.141  22.449 2619 1.267
2005 21230  23.741  35.939 1365 1.116
2006 10.640  23.963  33.408 1183 1.029
2007 20.053  21.041  32.461 1082 0.968
2008 22430 24592  38.174 979 1.106
2009 23720  26.533  34.047 892 1.163
2010 20.879  22.339  29.029 867 1.023
2011 23403  23.811 31121 837 1.068
2012 20.568  22.821  30.760 1109 1.079
2013 16.419  16.949  24.960 1223 0.769
2014 15201 15277  22.669 1137 0.772
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Table 18.Time series of GLM estimated CPUE Indices and standard errors for the fish ticket
based retained catgier-pot lift for the WAG golden king crab stockihe GLM was fitted to the
1985/86 to 1998/99 timseries of data and used in scenari@IB5 refers to th#985/86 fishery.

CPUE Standard Error
Year Index
1985 2.023 0.065
1986 1.724 0.052
1987 1.213 0.050
1988 1.353 0.035
1989 1.142 0.031
1990 0.875 0.036
1991 0.721 0.042
1992 0.718 0.046
1993 0.683 0.055
1994 0.823 0.041
1995 0.876 0.043
1996 0.844 0.035
1997 0.771 0.034
1998 1.053 0.037
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Table 19. Optimization scenarios considered for the stock assessment model for the western
Aleutian Islands golden king crab (WAG) stock

Scenario Likelihood/Penalty Maximum
Weights (CV)* Effective Sanple
Size

1 Two catchability, two sets oftotal Retained catch = 500 Retained = 200,
selectivity, and a singleset of (0.032), total catch = total = 150,
retention curve parameters: weighted by number of pots groundfish discard
Commercial fishery retained catch fc sampled scaled to a =25
1985 2014, total fishery catch for maximum of 300,
1990 2014, observer legal size crab groundfish discard catch =
CPUE index for 19952014, and 1(0.805), recruitment
groundfsh bycatch for 1982013; M  deviation = 2.0 (0.533), pol
= 0.18, pot fishery handling mortality fishery F deviation (initial)
= 0.2, and ground fish bycatch = 1000 (0.022) (later
handling mortality for trawl = 0.8 anc relaxed to 0.001(very
for pot = 0.5. EAG Tagelease high)), penalty for
recapture size data for 1991, 1997, regularizing the mean F to
2000, 2003, and 2006. Size transitio 0.35 (initial) = 1000 (later
matrix was ckulated from tagging relaxed to 0.001),
data by the normal probability groundfish bycatch fishery
function with the molt probability F devidion (initial) = 1000
submodel. Two logistic selectivity  (later relaxed to 0.001), anc
models and two catchability posfunction = 1000.
coefficients were considered for the
pre- and postrationalization periods.
Groundfish fishery selectity was set
to 1. considered initial size
composition from equilibrium
estimate. 1981/821983/84 catches
were used in the

2 Scenario 1, buthree catchability Same as scenario 1. Same as scenario
three sets of total selectivifgr 1.
1985/86i 1998/99, 1999/90
2004/05, and 2005/68014/15, and a
single set of retention curve
parameters

3 Scenario 1, but985 1998 Same as scenario 1. Same as scanio
commercial fishery retained CPUE 1.
indicesare considereds an dditional
likelihood component.

4 Scenario 1, bt without molt Same as scenario 1. Same as scenario
probability model. 1.

5 Scenario 1, bubtal catch and length Same as scenario 1. Same as scenario

frequency time series from 1596
onwardare considereth the
likelihood functions to avoid
unusually high tal catches in
1993/94 and 199/95 seasons.
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Table 19 continued

6 Scenario 1, but iteratively estimated Same as scenario 1. Iteratively
effective sample sizes for retained estimated effective
catch, total catch, and groundfish sample sizes
bycatch.

7 Scenario 1lbutevaluated the effect ol Same as scenario 1. Same as scenario
different mean F (0.09,.87, 0.36) in 1.
the Fpenalty function

8 Scenario Jandexplored the Same as scenario 1. Same as scenario
component likelihoods for vging 1.
fixed values of terminal MMB.

9 Scenario 1butconsidered WAG Same as scenario 1. Same as scenario
tagging data. 1.

11 (note: | Scenario 1butobservelCPUE Same as scenario 1. Same as scenario
change in | indicesare estimated considering the 1.

indexingto | whole 199%96-2014/15 time series a

mimic the | one and a single catchability

same EAG | parameter is estimated

scenario 11)

12 Scenario 1, bugroundfish bycatch Same as scenario 1. Same as scenario
biomass and length composition dat 1.
are nd considered fothe model fit A
mean bycatch F of 0.000332 is
considered..

*0 € QQQRUIMDE VDO Q& £Q p
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Table 20. Parameter estimates and standard deviations with the 2015 (February 15) MMB for
scenarios 2 and f8r the golden king crab data from the WAG, 19858®%L4/15. A total of 108

and 111 parameters for the two respective scenarios were estimated, but recruitment and fishing
mortality deviations and initial size frequency determination parameters were omitted from this
list. Initial size structure was createdngin equilibrium condition (Appendix A).

Scenario 1 Scenario 2
Parameter Estimate Std Limits Estimate Std Limits
Dev Dev

log_a 2531 0.016 1.0,3.85 2.528 0.017 1..0,3.85
G b -10.534 1.735 -60.0;2.0 -10.015 1.767 -60.0;2.0
log_aa -2.418 0.060 -4.61;1.39 -2.470 0.064 -4.61;1.39
log_b 4946 0.004 3.869,6.0 4941 0.005 3.869,6.0
Growth StdDev 3.666 0.098 0.1,90 3.678 0.099 0.1,9.0
log_T98delta 3.655 0.264 0.0,4.4
log_TO04delta 3.329 0.120 0.,4.4 3.203 0.116 0.4.4
log_T12delta 2.830 0.184 0.4.4 2.852 0.187 0.4.4
log_Retdelta 1.724 0.064 0.,4.4 1.732 0.062 0.4.4
log_T98L50 4799 0.034 4.05.1
log_T04L50 4824 0.015 3.985.1 4859 0.015 3.985.1
log_T12L50 4.854 0.013 3.985.5 4854 0.013 3.98,5.5
log_RetL50 4913 0.002 4.854.98 4913 0.002 4.85,4.98
log_betar -0.700 0.303 -10.0,12.0 -0.575 0.317 -10.0,12.0
Loggl -0.051 0.131 -2.0,2.25
logqg2 -0.252 0.088 -9.0,2.25 -0.307 0.096 -2.0,2.25
logqg3 -0.838 0.103 -9.0,-0.8 -0.890 0.097 -2.0,2.25
log_mean_rec 0.559 0.028 0.01,50 0.583 0.029 0.01,5.0
log_mean_Fpot -0.996 0.064 -9.0,-0.09 -1.002 0.082 -9.0,-0.09
log_mean_Fground -8.461 0.925 -9.0,-2.0 -8.504 0.887 -15.0,-2.0
prelegal_var 0.019 o0.008 0.0,0.15 0.008 0.003 0.0,0.15
Ftemp 0.180 0.707 0.0,0.75 0.180 0.707 0.0,0.75
2015 MMB 5673 2636 5866 2744
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Table 21. Parameter estimates and standard deviations wittOts (February 15) MMB for
scenarios 5 and Xbr the golden king crab data from the WAG, 19858514/15. A total of 108

and 107 parameters werdigmted for the two respective scenarios, but recruitment and fishing
mortality deviations and initial size frequency determination parameters were omitted from this

list. Initial size structure was created using an equilibrium condition (Appendix A).

Scenario 5 Scenario 11
Parameter Estimate  Std Dev Limits Estimate Std Limits
Dev

log_a 2.528 0.017 1.0,3.85 2531 0.016 1.0,3.85
G b -10.015 1.760 -60.0,-2.0 -10.480 1.730 -60.0,-2.0
log_aa -2.469 0.063 -4.61,-1.39 -2.420 0.059 -4.61;1.39
log_b 4.944 0.005 3.869, 6.0 4946 0.004 3.869,6.0
Growth StdDev 3.666  0.099 0.1,9.0 3.667 0.0908 0.1,9.0
log_TO4delta 3.278 0.106 0,44 3.339 0.115 0,44
log_T12delta 2.915 0.179 0.,4.4 2.798 0.181 0. 4.4
log_Retdelta 1.722 0.068 0.,44 1.724 0.063 0., 44
log_T04L50 4.852 0.014 3.98,5.1 4826 0.014 3.98,5.1
log_T12L50 4.860 0.014 3.98,5.5 4852 0.012 3.98,5.5
log_RetL50 4911 0.002 4.85,4.98 4913 0.002 4.85,4.98
log_betar -0.727 0.330 -10.0,12.0 -0.704 0.304 -10.0,12.0
logg2 -0.156 0089 -9.0,2.25 -0.547 0.079 -9.0,2.25
logg3 -0.835 0.110 -9.0,-0.80
log_mean_rec 0.558 0.027 0.01,5.0 0.556 0.028 0.01, 5.0
log_mean_Fpot -0.982 0.066 -9.0,-0.09 -0.995 0.065 -9.0,-0.09
log_mean_Fground -8.474 0.932 -15.0,-2.0 -8.820 0.261 -15.0,-2.0
prelegal_var 0.020 0.009 0.0,0.15 0.023 0.009 0.0,0.15
Ftemp 0.180 0.707 0.0,0.75 0.180 0.707 0.0,0.75
2015 MMB 5700 2608 5524 2538
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Table 22. Estimate of thaze transition matrix for scenaridfdr the golden king crab data frothe WAG.

0.08 0.01 0.18 0.4€ 0.2€ 0.08 0.0C 0.0C 0.0C 0.0C 0.0 0.0C o0.0C 0.0C 0.0 0.0C 0.0¢
0.0C 0.0t 0.02 0.21 0.4€ 0.28 0.02 0.0C 0.0C 0.0C 0.0 0.0C o0.0C 0.0C 0.0 0.0C 0.0¢
0.0C 0.0C 0.08 0.02 0.22 0.4€ 0.1¢ 0.02 0.0C 0.0C 0.0 0.0C o0.0C 0.0C 00C 0.0 0.0¢
0.0C 0.0C 0.0C 0.12 0.08 0.24 0.44 0.1€ 0.01 0.0C 0.0 0.0C o0.0C 0.0C 0.0 0.0C 0.0d
0.0C 0.0C 0.0C 0.0C 0.17 0.02 0.25 0.41 0.13 0.01 0.0 0.00 0.0C 0.0 0.0C 0.0C 0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.2t 0.03 0.25 0.3€ 0.11 0.01 0.00 0.0C 0.0 0.0C 0.0C 0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.34 0.04 0.24 0.31 0.08 0.00 0.0C 0.0 0.0C 0.0C 0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.44 0.04 0.21 025 0.06 0.0C 0.0 0.0C 0.0C 0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.5¢ 0.04 0.18 0.1¢ 0.04 0.00 0.0 0.0C 0.0d
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.66 0.03 0.158 0.3 0.02 0.0C 0.0 0.0d
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 075 003 o011 0.0¢ 0.01 0.0C 0.0d
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0 0.83 0.02 0.08 0.0¢ 0.01 0.0d
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0 0.0C o0.8¢ 0.02 0.0e 0.04 0.0d
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0 0.0 o0.0C 092 0.01 0.04 0.03
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0c 0.0 0.00 0.0C 0.0 0.9t 0.01 0.04
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0c 0.0 0.00 0.0C 0.0 0.0C 0.97 0.03
0.0C 0.0C  0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0 0.0 o0.0C 0.0C  0.0C 0.0C 1.00

Table 23. Estimate of the sizamsition matrix for scenaridfor the golden king crab data from the WAG.

0.04 0.02 0.2C 0.4€ 0.24 0.02 0.0C 0.0 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0(¢
0.0C 0.06 0.02 0.21 0.47 0.21 0.02 0.00 0.0C 0.0c 0.0C 0.0 0.0C 0.00 0.0C 0.0C 0.0¢
0.0C 0.00 0.0¢ 0.02 0.23 0.45 0.18 0.01 0.0C 0.0c 0.0C 0.0 0.0C 0.00 0.0C 0.0C 0.0¢
0.0C 0.00 0.0C 0.14 0.03 0.24 0.43 0.15 0.01 0.0c 0.0C 0.0 0.0C 0.00 0.0C 0.0C 0.0¢
0.0C 0.00 0.0C 0.0C 0.1¢ 0.03 0.28 0.39 0.13 0.01 o0.0C 0.0 0.0C 0.00 0.0C 0.0C 0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.27 0.04 0.25 0.3 0.1C o0.01 0.0C 0.0C 0.0C 0.0C 0.0C 0.0(¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.3€ 0.04 0.28 0.2¢ 0.07 0.0C 0.0C 0.0C 0.0C 0.0C 0.0(¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.46 0.04 0.21 0.24 0.0¢ 0.0C 0.0C 0.0C 0.0C 0.0(¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.00 0.0C 0.57 0.04 0.18 0.18 0.04 0.0C 0.0C 0.0C 0.0(¢
0.0C 0.00 0.0C 0.0C 0.0C 0.0C 0.0C 0.00 0.0C 0.67 0.03 0.15  0.13 0.02 0.0C 0.0C 0.0¢

58



Table 2%

continuec
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.7t 0.03 0.1 0.0¢ 0.01 0.0C 0.0¢
0.0C 0.00 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.82 0.02 0.08 0.0¢€ 0.01 0.0¢
0.0C 0.00 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.88 0.02 0.0€ 0.04 0.01
0.0C 0.00 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.00 0.92 0.01 0.04 0.03
0.0C 0.00 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.00 0.94 0.01 0.0§
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C0 0.0C 0.9€ 0.04
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 1.0¢
Table 24. Estimate of treize transition matrix for scenarid@ the golden king crab data from the WAG.
0.04 0.02 0.2C 0.48 0.24 0.0z 0.0C 0.0C 0.0C 0.0c 0.0C 0.0C 0.0C 0.0c 0.0C 0.0C 0.0¢
0.0C 0.0€ 0.02 0.21 0.47 0.21 0.02 0.0C 0.0C 0.0 0.0C 0.0C 0.0C 0.0c 0.0C 0.0C 0.0¢
0.0C 0.0C 0.0¢ 0.02 0.23 0.4€ 0.18 0.01 0.0C 0.0 0.0C 0.0C 0.0C 0.0c 0.0C 0.0C 0.0¢
0.0C 0.0C 0.0C 0.13 0.03 0.24 0.43 0.15 0.01 0.0c 0.0C 0.0C 0.0C 0.0c 0.0C o0.0C 0.0¢
0.0C 0.0C 0.0C 0.0C 0.1¢ 0.02 0.25 0.4C 0.13 0.01 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C  0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.2¢€ 0.03 0.25 0.3t 0.1¢ 0.01 0.0C 0.0C 0.0C 0.0C 0.0C  0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.3% 0.04 0.23 0.3C 0.08 0.0C 0.0C 0.0C 0.0C 0.0C  0.0(
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.4% 0.04 0.21 0.24 0.05 0.0C 0.0C 0.0C 0.0C  0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.5€ 0.04 0.18 0.18 0.04 0.0c 0.0C o0.0C 0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.66 0.03 0.15 0.13 0.02 0.0C 0.0C 0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.00 0.0C 0.0C 0.0C 0.0C 0.75 0.03 0.12 0.08 0.0z 0.0C 0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0 0.0C 0.82 0.02 0.089 0.0¢6 0.01 0.0¢
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.87 0.02 0.0¢ 0.0¢ 0.01
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.91 0.0z 0.0¢  0.09
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.9¢ 0.01 0.0%
0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.9¢ 0.04
0.0C 0.0C 0.0C 0.0C 0.00 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0 0.0 0.0C 1.0(
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Table 25. Estimate of thaze transition matrix for scenariofbt the golden king crab data from the WAG.

0.02
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.01
0.0
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.1¢
0.02
0.08
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.4€
0.21
0.0z
0.1z
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.2€
0.4€
0.23
0.02
0.17
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.0z
0.2Z
0.4¢
0.24
0.0¢
0.2t
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.0C
0.02
0.1¢
0.44
0.28
0.023
0.34
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.0C
0.0C
0.02
0.1€
0.4C
0.2t
0.04
0.44
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.0C
0.0C
0.0C
0.01
0.12
0.3€
0.24
0.04
0.5€
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.0C
0.0C
0.0C
0.0C
0.01
0.11
0.3C
0.21
0.04
0.6€
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.0C
0.0C
0.0C
0.0C
0.0C
0.01
0.0&
0.2
0.18
0.08
0.7%
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C

0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0€
0.1¢
0.1t
0.03
0.83
0.0C
0.0C
0.0C
0.0C
0.0C

0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.04
0.12
0.11
0.02
0.8€
0.0C
0.0C
0.0C
0.0C

0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.02
0.0¢
0.08
0.02
0.92
0.0C
0.0C
0.0C

0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.01
0.0¢
0.06
0.01
0.9¢
0.0C
0.0C

0.0C
0.0C
0.0C
0.0C
0.0C
0.0C
0.00
0.0C
0.0C
0.0C
0.0C
0.01
0.04
0.04
0.01
0.97
0.0C

0.00
0.0¢
0.0d
0.0d
0.0¢
0.0d
0.0¢
0.0¢
0.0d
0.0¢
0.0d
0.0d
0.0¢
0.03
0.04
0.09
1.0¢
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Table 26. Annual abundance estimates of model recruits (millioosabf legal male biomass

with standard deviation (t), and mature male biomassstathdard deviation (t) for scenaridat

golden king crab in the WAG. Legal male biomass was estin@tetuly 1 (start of biological
year)and mature male biomass for year y was estimated on February 15, year y+1 after the year y
fishery total catch rema@l. NA = not available1985 refers to the 1985/86 fishery.

Recruits to the 'V'aBtf”e Male Legal Male
Mo del ( lomass Standard Bi omass Standard

Year mm CL) ( 60 121 Deviation mm CL) Deviation
1985 NA 9624 373 10841 362
1986 4.06 6146 329 9437 358
1987 1.93 5885 312 6084 306
1988 2.03 5083 239 5701 275
1989 2.01 3340 199 4977 216
1990 1.38 3071 177 3264 177
1991 133 2810 184 2989 163
1992 1.11 2806 187 2755 173
1993

3.10 3170 189 2762 176
1994

1.20 3211 167 3198 172
1995 1.54 3254 172 3092 154
1996 1.67 3251 198 3200 163
1997 1.19 3390 185 3216 182
1998 152 3549 187 3332 176
1999 2.03 3396 194 3522 178
2000

2.08 3525 229 3370 185
2001 2.05 3013 280 3471 217
2002 257 4459 337 3850 265
2008 1.85 5228 418 4416 321
2004

231 5669 472 5145 396
2005 2.02 6177 515 5626 451
2006

1.75 6716 533 6114 492
2007 275 6907 548 6648 512
2008

0.77 7441 541 6878 526
2009 1.32 6899 533 7305 522
2010 1.28 6296 510 6854 518
2011 1.58 5749 489 6245 495
2012 1.58 5300 486 5692 474
2013 1.69 4947 520 5235 469
2014 1.01 4935 583 4876 503
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Table 26
continued.

2015

1.75 5673 2636 4873 553
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Table 27. Annual abundance estimates of model recruits (millioogabf, legal male biomass

with standard deviation (t), and mature male biomads sténdard deviation (t) for scenari®o?
goldenking crab in the WAG. Legal male biomass was estimateduly 1 (start of biological
year)and mature male biomass for year y was estimated on February 15, year y+1 after the year y
fishery total catch removal. NA = not availakl®85 refers to the 1985 fishery.

Year Recruits to the Mature Male Standard Legal Male Standard
Mo del ( Biomass Deviation Bi omas ¢ Deviation
mm CL) ( 6 121 136 mm CL)

1985 NA 9842 396 10988 379
1986 438 6369 350 9571 372
1987 1.93 6128 336 6221 319
1988 2.25 5307 271 5825 287
1989 211 3597 235 5105 236
1990 1.44 3331 218 3437 202
1991 1.34 3070 222 3177 194
1992 1.11 3040 215 2954 201
1993 3.22 3395 212 2941 198
1994

1.16 3417 186 3359 188
1995 1.52 3426 189 3220 165
1996 1.45 3352 188 3304 170
1997 1.32 3334 173 3252 170
1998 1.44 3488 176 3234 162
1999 2.24 3274 186 3308 167
2000

2.05 3478 221 3101 179
2001 2.18 3890 271 3338 208
2002 279 4525 331 3742 254
2003 2.29 5461 424 4386 310
2004

212 6178 484 5273 388
2005 1.04 6659 531 6003 447
2006 1.83 7090 560 6500 497
2007

2.87 7272 579 6942 529
2008

0.79 7808 575 7150 548
2009 1.41 7287 563 7570 547
2010

135 6713 529 7161 539
2011 1.54 6187 499 6594 508
2012 1.61 5694 485 6060 478
2013 1.72 5204 499 5554 462
2014 1.83 5250 544 5151 473
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Table 27
continued

2015

1.79 5866 2744 5106 506
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Table 28. Annual abundance estimates of model recruits (millioogabf, legal male biomass

with standard deviation (t), and mature male biomassstathdard deviation (t) for scenaridds

golden king cab in the WAG. Legal male biomass was estimateduly 1 (start of biological
year)and mature male biomass for year y was estimated on February 15, year y+1 after the year y
fishery total catch removal. NA = not availakl®85 refers to the 1985/86 fity.

Year Recruits to the Mature Male Standard Legal Male Standard
Mo del ( Biomass Deviation Bi omas ¢ Deviation
mm CL) ( 6 121 136 mm CL)

1985 NA 9713 379 10864 366
1986 411 6262 336 9470 362
1987 1.90 6047 321 6137 311
1988 216 5283 259 5773 279
1989 1.87 3642 229 5104 230
1990 1.36 3394 213 3492 202
1991 1.69 3176 224 3258 195
1992 1.07 3364 201 3086 204
1993 1.56 3685 186 3257 187
1994

1.62 3003 163 3624 171
1995 1.62 3032 159 3009 149
1996 1.63 3097 197 2935 149
1997 1.16 3233 174 2997 173
1998 1.54 3381 173 3124 160
1999 2.01 3227 180 3311 162
2000

2.09 3343 216 3154 169
2001 2.09 3731 271 3235 201
2002

2.69 4309 338 3608 253
2003 2.06 5168 439 4199 317
2004

231 5762 502 5011 408
2005 1.99 6324 541 5636 472
2006

1.79 6847 556 6187 513
2007

275 7039 569 6718 531
2008

0.77 7549 558 6945 542
2009 1.30 6998 548 7346 536
2010 1.28 6370 522 6902 529
2011 1.62 5806 499 6279 505
2012 1.60 5367 495 5709 482
2013 171 5007 528 5246 475
2014

1.87 4991 589 4886 506
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Table 28
continued

2015

1.75 5700 2608 4873 555
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Table 29. Annual abundance estimates of model recruits (millioogabf, legal male biomass

with standard deviation (t), and mature male biomass st&thdard deviation (t) facerario 11

for golden king crab in the WAG. Legal male biomass was estinagiddly 1 (start of biological
year)and mature male biomass for year y was estimated on February 15, year y+1 after the year y
fishery total catch removal. NA = not availakl€85 refers to the 1985/86 fishery.

Year Recruits to the Mature Male Standard Legal Male Standard
Mo del ( Biomass Deviation Bi omas ¢ Deviation
mm CL) ( 6 121 136 mm CL)

1985 NA 9581 369 10795 360
1986

411 6114 325 9391 356
1987 1.02 5878 311 6050 303
1988 2.03 5081 239 5687 274
1989 2.01 3340 199 4970 215
1990 1.38 3069 176 3259 176
1991 133 2806 183 2084 161
1992 1.10 2801 186 2748 170
1993 3.09 3162 188 2753 174
1994

1.22 3197 163 3186 170
1995 1.54 3251 169 3075 147
1996 1.68 3250 198 3191 157
1997 1.19 3394 182 3211 179
1998 153 3555 186 3333 170
1999 2.05 3408 194 3525 174
2000

2.10 3550 232 3379 184
2001 2.07 3952 286 3492 219
2002 263 4516 345 3884 271
2003 1.88 5326 420 4469 330
2004

234 5795 459 5235 400
2005 2.00 6321 481 5746 440
2006 176 6846 481 6250 462
2007 2.69 7019 485 6773 464
2008

0.76 7505 469 6983 467
2009 1.26 6927 461 7365 456
2010 1.22 6268 442 6875 451
2011 153 5661 428 6213 432
2012 1.50 5168 430 5602 417
2013 1.63 4746 479 5090 419
2014 2.02 4697 567 4673 468
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Table 29
continued

2015 1.74 5524 2538 4637 540
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Table 30. Negative latikelihood values of the fits for scenarios 1, 2, 5, and 11 for golden king

crab in the WAG.

Likelihood Component Scenario 1 Scenario 2 Scenario 5 Scenario 11
Number of free parameters 108 111 108 107
like_retlencomp -1001.90 -1007.05 -1016.08 -1002.04
like_totallencomp -985.01 -991.24 -834.84 -084.84
like_gdiscdlencomp -566.41 -566.61 -567.54 -567.39
like_retcpue -10.92 -19.16 -10.19 -8.86
like_retdcatchB 10.77 11.98 6.64 10.78
like_totalcatchB 49.73 48.43 16.48 49.80
like_gdiscdcatchB 0.00 0.00 0.00 0.01
like_rec_dev 6.33 6.88 5.58 6.61
like_meanFpot 0.00 0.00 0.00 0.00
like_F 0.03 0.03 0.03 0.03
like_gF 0.03 0.03 0.03 0.11
like_Tag 268934 2687.11 2687.71 2689.31
like_finalF 0.00 0.00 0.00 0.00
like_fpen 0.00 0.00 0.00 0.00

191.99 170.41 287.81 193.52
Total

Table 31. Predicted total and retained catch OFL (t) for 2015/16 under Tier 4 assumption for
various scenarios. For scenariomean Ein the penalty function were (a) 0.09, (b) 0.27, and (c)

0.36; and (a) 0.09, (b) 0.18, and (c) 0.45 for WAG and E&&pectively.

EAG WAG

Scenario Total Catch OFL Retained Catch Total Catch Retained Catch

() OFL (1) OFL (1) OFL (1)
1 1331 1292 731 686
2 1318 1280 763 717
3 1364 1325 666 628
4 743 720 674 634
5 1322 1284 722 680
6 1357 1317 619 579
7a 1329 1291 729 685
7b 1331 1292 729 685
7c 1331 1292 729 685
8 1954 1146  Explore MMB
9 Explore MMB 691 648
10 Exploreq
11 1608 1563 703 657
12 1361 1315 741 696
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Table 32. Stepwise model selection for various model scenarios including interactions for the
Aleutian Islands golden king crab observer data. Observer legal size male crab CPUE data for
EAG for 1995/962004/05,2005/06 2013/14, and 1995/9@013/14 time periods were used. R
determines the relative merit of each fit. ns = cubic splines, df = degree of freedays and
dispersion parameter of the negative binomial model. (Source: 2015 Sea Grant Symposium).

Fishing
period Final model R?
1995/96 CPUE = Year+Gear+Captaing =1.33 0.23
2004/05 '
2005/06 CPUE = Year+Vessel+ns(Soak, df=16)+ Gear=2.20 0.09
2013/14 '
1995/96 When 6soakd is a continuous variabl
2013/14 a.CPUE = Year+Gear+Captain+ns(Soak;18) ,q =1.42 0.32
b. CPUE = Year+Gear+Captain+Year:Captain=1.42 0.33
c. CPUE = Year+Gear+Captain+ns(Soak, df=18)+Year.Ggarl.42 0.33
When ¢6ésoak6 is a factor variabl e:
a. CPUE = Year+Gear+Captain+Soak=1.42 0.32
b. CPUE = Yea+Gear+Captain+Soalg,=1.42 0.32
Offered Year:Soak, but did not pick up '
c. CPUE = Year+Gear+Captain+Year:Captair=1.42 0.33
d. CPUE = Year+Gear+Captain+Soak +Year:Ggarl.42 0.33
e. CPUE = Year+Gear+Captain+Soak=1.42 0.32
Offered Soak:Geahut did not pick up '
f. CPUE = Year+Gear+Captain+Year:Captaiq=1.42 0.33
Offered Year:Captain, Year:Soak and Year:Gear, but picked up only the first. '
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Figure 1. Historical commercial harvest (from fish tickginetric tons) and cateperunit effort

(CPUE, number o€rabper pot lift) of golden king crab in the EAG, 1985/2614/15 fisheries
(note: 1985 refers to the 1985/86 fishery).
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Figure 2. Historical commerciddarvest (from fish ticketanetric tons) andatchperunit effort

(CPUE, number ofrabper pot lift) of golden king crab in the WAG, 1985/2014/15 fisheries
(note: 1985 refers to the 1985/86 fishery).
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Figure 3. Aleutian Islands golden king crab harvest by ADFga@istical areas for 2012/13.
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Figure 4. Aleutian Islands golden king crab harvest by ADF&G statistical areas for 2013/14.
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Figure 18. Bubble plots of standardized residuals of retainel katgth composition for scenarios 2, 3, 5, and 11fits for EAG golden king crab,
1985/86 2014/15. Filled circles are the positive and unfilled circles are the negative standardized residuals. The area ofshbecneliative
magnitude of the residua
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2,3,4, 5,6, 8, 11, and 1#ts for EAG golden king crab data, 1995/2014/15. Malel estimated additional standard error was added to each
input standard error.
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EAG Recruits
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Figure 24. Estimated number of male recruits (millionsrabO 101 mm CL) to the golden king crab ass
and 11 fits in EAG, 186i 2015.
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EAG Recruit Distribution
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Figure 25. Recruit distribution to the golden king crab assessment model size group for scenarios (Sc) 2, 3, 5, angAG&. fits i
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EAG Mature Male Biomass
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Figure 26. Trends in golden king crab mature male biomass for scenarids &¢d,4, 5, 6, 8,11, and 12 modefits in the EAG, 1985/86
2014/15. Mature malerabar e O 121 mm CL. Scenario 2 estimates have two standar (
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EAG Legal Male Biomass
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Figure 27. Trends in golden king crab legal male biomass for scenarios (Sc) 2, 3, 5, and 1HefiEsAG t 1985/862014/15. Legal malerabare
O 136 mm CL. Scenario 2 estimates have two standard errors conf i de
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EAG Pot Fishery Total F
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Figure 28. Trends in pot fishery full selection total fishing mortality of golden king crab for scenaridsaSg) 5,11, and 12 modefits in the
EAG, 1985 2014 (note: 1985 refers to the1985/86 fishery).
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Retained Catch, EAG
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Figure 29. Observed (open circle) vs. predicted (solid line) retained catch of golden king crab for scenarios (Sch@,13, fiisdn the EAG,
1985 2014. (note1985 refers to the1985/86 fishery).
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Total Catch, EAG
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Figure 30. Observed (open circle starts from 1990) vs. predicted (solid line) total catch of golden king crab for seenaridsg, and 11 fits in
the EAG, 19852014. A handling mortality rate of 20% waspéipd to pot discarded catch adidcard mortalityadded to retained catch to get the
total catch. (note: 1985 refers to the1985/86 fishery). Predicted total catch time series is extended from 1990/91.to 1985/86
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GDiscard Catch, EAG
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Figure 31. Observed (open circle stédrom 1989) vs. predicted (solid line) groundfish discarded catch of golden king crab for scenarios (Sc) 2, 3,
5, and 11 fits in the EAG, 1988013. An average handling mortality rate of 65% (average of 80% and 50%) was applied to groundfish discard.
(note: 1989 refers to the1989/90 fishery). Predicted groundfish discarded catch time series is extended from 1989/90 to 1985/86
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Figure 32. Retrospective fits of fortstemariom(sd &,13, 5f and 11 fitefon goldan kingpckab in he mi n a
EAG, 19852014 (note: 198 refers to the1985/86 fishery)
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EAG Negative Log Likelihoods
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Figure 33. Total and components negativelibglihoods vs. fractions of the estimatedir of catchability coefficientsfor scenario 1 fit for
golden king crab in the EAG, 198%014 (note: 1985 refers to the1985/86 fishery).
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EAG Negative Log Likelihoods
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Figure 34. Total and components negativelibglihoods vs. fractions of the estimated terminal MMB for scenario 1 fit for golden king crab in
the EAG, 19852014 (note: 1985 refers to the1985/86 fishery).
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Figure 35. Trends in nestandardized [arithmetic (nominal)] and standardized (negative binomial
GLM) CPUE indices with +/2 SE for Aleutian Islands golden king crab from WAG (west of
174° W longitude). Top panel: 1995/9804/05 observer data, center panel: 2002@b4/15
observer data, and bottom panel: 1995/064/15 observer data. Standardized indices: black line
and nonstandardized indices: red line.
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Figure 36. Devianceesiduals vsexplanatory and response variables of the best negative
binomial fit model for legal male crab CPUE. Deviance residuals for factor variables are shown
as box plots and only the linear part of the cubic splines are specified caxtefarsoak time
variable. Observer data from WAG for 1995/2604/05 (top) and 2005/08014/15 (bottom)
periods were used. The solid lines are the loess smoother through the plotted values.
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