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Executive Summary
1. Stock Pribilof Islands (Pribilof District) glden king crall.ithodes aequispinus

2. Catches

Commercial fishing for golden king crab in the Pribilof District has been concentrated in the
Pribilof Canyon.The domesticfishery developed in 19883, although somémited fishing
occurredat least as early as 1981/82eakretained catctoccurred in 983/84 at 388 t
(856,475 Ib) The fishing season for this stock has been defined as a calendar year (as
opposed td-July-to-30-Junecrab fishng year)after 1983/84 Since then, participation in the
fishery has been sporadic and annuatained catclhas been variablécom O t (O Ib) in the
tenyears that no vessels participated (1984, 1986, 19W2, 2006200, and 2015jo0 155 t
(341,908 Ip in 1995, whenseven vessels made landin@$e fishery is not rationalized
There is no state harvest stten regulation.A guideline harvest level (GHL) was first
established for the fishery in 1999 at 91200,000 Ib). The GHL was reduced &8 t
(150,000 Ih for 2000 2014 and reduced to 59 t (130,dBYin 2015 No vessels participated

in the directedishery and no landings were made during 22009 Catch data from 2003
2005 and 2011014 cannot be reporteldereunder the confidentiality requirements State

of Alaska (SOA) statutéSec. 16.05.815The 2003 and 2004 fisheries were closed by
emergencyrder to manage the fishergtained catctiowards the GHL; the 2005 and 2010
2014 fisheries were not closed by emergency ofdervessels participated in the directed
fishery during 2015Discarded (nn-retained catchhas occurredh the directedyolden king
crabfisheryand inthe easten Bering Sea snow crab fishery andliwe Bering Sea grooved
Tanner crab fisherjestimates of annual total fishery mortality during 20215 due to crab
fisheries range from 0 t to 73 t, with an aage of29t. There was naliscardecdcatch during
crab fisheries in 2015Discardedcatch also occurs iBering Sea groundfish fisheries
Estimates of annual fishery mortality during 1991/2215/16 due to groundfish fisheries
range from <1 t td.2t, with an average @t (estimates of annually discardextch during
Bering Sea groundfish fisheries are reported for cralinfisyears, rather than for calendar
yearg. Total fishery mortalityin groundfish fisheriesluring the 2@5/16 crab fishing year
was 1.15.



3. Stock biomass

Stockbiomasg(all sizes, both sexes) of golden king crab have been estimated for the Pribilof
Canyon area using the arsaept technique applied wata obtainedrom the erstwhile
biennialeastern Bering Sagppercontinental slope trawl survgerformedoy NMFSAFSC

in 2002 (Hoff and Britt 2003) 2004 (Hoff and Britt 2005) 2008 (Hoff and Britt 2009) 2010
(Hoff and Britt2011) and 2012 (Hoff 203). See Appendices AR3 for summaries of the
slope survey as they giain to data on and estimates of Pribilof Island golden king crab stock
biomassComplete data on sizex composition of survey catelne available only from the
2008 2012 biennial surveys (C. Armistead, NMFAFSC, Kodiak). Biomass estimates by
sex and ige classfrom the 2008, 2010, and 20K2irveys wee presented in a May 2013
(Gaeuman 2018 Appendix 3 reportto the Crab Plan Tearand biomass estimates of
mature maledrom the 2008 2012 biennial surveysvere presentedth a September 2013
(Gaeuman 2018 report to the Crab Plan Teatdsing the sizesex compositiordatafrom

the 2012 NMFSAFSC eastern Bering Sea upper continental slope survey, Gaeumah) (2013
estimated total biomass for 2012 be 1,925 t for the entire survey araad 711 tin the
Pribilof Canyon areaGaeuman (2018 estimatednature maldiomass for 20120 be 812

for the entire survey areand 256t in the Pribilof Canyon areaPengilly (2015; Appendix

A3) estimated total and mature male biomass in the Pribilof District ig44el t and 429 t,
respectively, from the 2012 slope survey data.

4. Recruitment:

Using the sizesex composition datkfom the eastern Bering Seapper continental slope
trawl survey(see above)Gaeuman (2018 estimated mature male biomassthe entire
survey aredo have increased slightly from67 t in 2010 to 812 t in 201But have decreased
in the Pribilof canyon arelaetween those two yeadd0 t to256 t. Pengilly (2015; Appendix
A3) estimated mature male biomass from the slopeeyudata to have declined in the
Pribilof District from 638 t in 2008 to 565 t in 2010 and to 429 tin 2012.

5. Management performance

No overfished determinatiofpe., MSST)has been made for this stoekthoughapproacks

to udng data from the bienniaNMFS-AFSC eastern Bering Sea upper continental slope
surveys has been presentiedand considered by the Crab Plan Te@haeuman2013a,

2013, Pengilly 2015 see Appendices A2 and A3No vessels participateoh the 2015

directed fisheryi.e., retainectatch= 0 t 0 Ib) and no bycatch was observed in cfigheries

in 2015 thereforetotal catch in 201%vas zero. Although..15 t of fishery mortality occurred

during groundfistfisheriesin 2015/16 bycatch due to groundfish fisheries is not included

the total catchherb ecause avail abl e data yaa&r G urmanalre rz e
calendar yearOverfishing did not occur in 2@l The GHL for the 2017 has yet to be
establishedW. Donaldson ADF&G, Kodiak, pers. comm.5 April 2016. The 2017 OFL

and ABCin the table belovar e t he aut hor s recommendati ons.




Management Performance Table (values in t)

Calendar Biomass a Retained Total
Year MSST (MMB) °-  Catch Cack ~ OFL  ABC
2013 N/A N/A 68 Conf.¢ Conf.¢ 90.7 81.6
2014 N/A N/A 68 Conf.© Conf.© 90.7 81.6
2015 N/A N/A 59 0 0 91 68
2016 N/A N/A 59 91 68
2017 N/A N/A 93 70

a. Guideline harvest level, established in Ib and converted to t.

b. Total retained catch plus estimategtatch mortality of discardechtch during crab fisheriemly. Bycatch mortality due to

groundfish fisheries is not

included here

because

availabl e

year; estimates of annual bycatch mortality during 199202516gr ound f i s h 1Ztiwghlaeaveragesdtar e O
C. Confidential under Sec. 16.05.815 (SOA statute). GHL not attained.

Management Performance Table (values in |b)

Calendar Biomass a Retained Total
Year  MsST (vmB) °Hb Catch  cawch  OFb  ABC
2013 N/A N/A 150,000  Conf¢ Conf®¢ 0.2¢ 0.1¢
2014 N/A N/A 150,000  Conf® Conf® 0.20" 0.1¢
2015 N/A N/A 130,000 0 0 0.2¢ 0.15'

a. Guideline harvest level.

b. Total retained catch plus estimated bycatch mortefitfiscarded catctiuring crab fisheries only. Bycatch mortality due to

groundfish fisheries is not

included

her e

because

avail abl e

year; estimates of annual bycatch mortality duif§1/92201516gr ound f i s h 27%2B4sbhweth an averaga ofe O

7,6191b.
2016 N/A N/A
2017 N/A N/A

130,000

0.2¢

0.15'

204,527 153,395

C. Guideline harvest level.

d. Total retained catch plus estimated bycatch mortafitiscarded catctiuring crab fisheries only. Bycatch mortality due to

groundfish fisheries is not

5,101 Ib.

included

€. Confidential under Sec. 16.05.815 (SOA statute). GHL not attained.

f.  Established in millions of Ib to the nearest Grfilion Ib.

6. Basis for the OFLand ABC: Thevaues for2017ar e

here
year; estimates of annual bycatch mortality during 1992024/15 groundfisti i sher i es

because
are

t h ereceamumerdaiiand s

Calendar Years to define

Natural

Year Tier Average catch (OFL) Mortality ° Buffer
2013 5 1993 1998 0.18yr* 10%
2014 5 1993 1998 0.18yr* 10%
2015 5 1993 1998 0.18 yf* 25%
2016 5 1993 1998 0.18 yf* 25%
2017 5 1993 1998 0.18yr* 25%

019,

avail abl e
480 | b, \

a. OFL was for total catch and was determined by the average of the annual retained catch for these years
multiplied bya factor of 1.08 to account for the estimated bycatch mortalityurdag in the directed fishery
plus an estimate of the average annual bycatch mortality due tdireated crab fisheries and groundfish

fisheriesfor the period

b. Assumed value for FMP king crab in NPFMC (200¥9es not enter into OFL estimation for Tier 5 stock

7. PDEF of the OFL: Samplingdistribution of therecommendedier 5 OFL was estimated
by bootstrappingThe standard deviation of the estimated sampling distribution of the
recommended OFL (Adrnative 1) i23 t(CV = 025). See section G.1.




Basis for the ABC recommendation: A 25% bufferon the OFL_the defaulti.e.,

ABC =(1-0.25)-OFL. This is a datgoor stock.

A summary of the results of any rebuilding analysesNot applicable; ®ck is not

under a rebuilding plan.

A. Summary of Major Changes

Changes to the managementf the fishery. Fishery continugto be managed under

aut hority of an ADF &Quidelioemhanvestslevel (iGHLWas per m
reduced fron68 t (150,000lb) to 59 t (L30,000Ib) in 2015and remained at that level in

2016 The GHL for the 2017 haget to be established

1.

Changes to the input data

1 Retained catcland discardedatchdata hae been updated with the resufts the
2015directed fisheryduring whichno vesses participaed, and bycatch in other crab
fisheries in2015 which waszero.

9 Discardedcatch estimateBom groundfish fisherieave been updatedith estimates
for the2015/16 crab fishery seasomvhich resulted in 15t of bycatch mortality

Changes to the assessment methodologyhis assessment follows the methodology

recommended by the CRIhceMay 2012 and the SSGinceJune 202.

Changes to the assessment results, including projected biomass, TAC/GHL, total

catch (including discard mortality in all fisheries and retained catch), and OFL The

computation of OFL irthis assessment follows the methodology recommended by the
CPT in May 2012 and the SSC in June 2012 applied to the same data and estimates with
the same assumptions that were used for estimating thei ZW¥3Tier 5 OFLs
computations applied directly thata and estimates expressed in metric units resulted in
minor changes in results due to rounding used in previous assessments.

. Responses to SSC and CPT Comments

Regonses to the most recent two sets of SSC and CPT comments on assessments in

general(and relevant to this assessmernt)

1 CPT, May2015 Nonepertaining to a Tier 5 assessment
1 SSC,Junk0lsfiThe SSC appreciates the authoros

units in the text but requests consistency in which units are used (e.g., lbsanthou
Ibs., or million Ibs. and t, mt, or kg). The SSC also requests consistency in the units
chosen for tables and figures, requests that the units cited in the table legends match
the values in the tables, and suggests authors refer to the terms @noefefior

chapterso

T

ResponseThe CPT terms of reference (as updated during the January
2016 meeting) We maintain ednsstemcy dmorg o : A
SAFEs, the documents should report everything in the document in
metric tons. The executive summary #énel data used in the harvest

strategy should be presented in both metric tons (abbreviated t) and
pounds (IbY Everything weighiwise is reported here in metric tons.
Weights are given in both t and Ib for the following: weights in the text

of the Management performanaection of the Executive Summary;
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weights in the Management Performance table; retained catch weights
in the Executive Summary; GHLsS/TACs throughout the document;
retained catch weights when presented relative to GHLS/TACs
throughout he document ; retained catch w
summary of management history); and the results of computation of
the recommended2017 OFL and ABC. Otherwise weights are
presented only in t. For consistency in units, weights in the text and in
reporting of recommended OFL and ABC are given in whole t for
metric units and whole Ib for U.S. customary units; in tables of data
and estimates, however, some metric weights are given to several
decimal places because some-zero values round to 0 RReporting
OFL and ABC for 2017 in t and limayresult in inconsistenesin the
Management Performance tables and in the text when presenting
previous OFLs and ABCsstablished using different conventions for
units.
fAiProvide singl e gsplraesandykarsapplicablmo d e | (

Comment [4]: The Stockhausen tableddone. See Tablé.

1 CPT, September 261 (via September 2014 SAFE Introduction chaptéMpne

pertaining to a Tier 5 assessnen
1 SSC, October 2@t None.

1 Respongs to the most recent tw sets of SSC and CPT comments specific toeth
assessment
1 CPT, May2015:
9 fiThe CPT recommends the author add a notation to tables specifying whether or not
the GHL was reached
A ResponseDone
9 A...the document should include a summary of available Slopey datad
A ResponseDone (see Appendices AA3).
1 SSC, June 2@t

1 A..supports the CPT recommendation that the author add notation to tables

specifying whether or not the GHL was reacbed.
A ResponseDone.

1 AThe SSC also requests that the authpproach the harvester(s) regarding
whether they would voluntarily allow confidential data to be presented in
assessments.

A In progress (M. WestphaADF&G, Dutch Harbor pers. comm.29
August 2016)

1 AThe SSC supports the CPT recommendation that a preliyifier 4
assessment be brought to the September 2015 meeting, using existing slope
data and applying a Kalman filter approach.

A Donein September 201&ee Appendix A3).

1 fAThe SSC also asks that a Stock Structure Template be completed for PI

GKCO
A Donein September 201&ee AppendiA3:C of Appendix A3.

9 A..future versions of the document include a summary of available slope

survey data with appropriate graphs and plogs...
A Done (see Appendices AA3).
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1 CPT,SeptembeR015
1 fThe CPT recommends the randeffects model be revaluated after results
from the 2016 slope survey are available.
A ResponseOkay.Any update on that?
1 SSC.,October2015
1 AThe SSC concurs with the CPT recommendatjotfiat the random effects
model be reevaluated after results frothe 2016 slope survey are availablg
A Response Okay.

C. Introduction
1. Scientific name Lithodes aequispinud E. Benedict, 1895

2. Description of general distribution:
General distribution of golden kirggabis summarized by NMFS (2004):

Golden king crab, also called brown king crab, range from Japan to British
Columbia. In the BSAI, golden king crab are found at depths from 200 m to 1,000
m, generally in higkrelief habitat such as intésland passes (pag8i 34).

Golden, or brown, kingrab occur from the Japan Sea to the northern Bering Sea
(ca. 61° N latitude), around the Aleutian Islands, on various sea mounts, and as far
south as northern British Columbia (Alice Arm) (Jewett et al. 1985). They are
typically found on the cdmentalslope at depths of 300,000 m on extremely
rough bottom. They are frequently found on coral bottom @aig3).

The Pribilof District is part of king crabRegistration Area Q (Figure dfritch et al. (2A4,
page8) define those boundaries:

The Bering a king crab Registration Area Q has as its southern boundary a line
from54 366 N Twalong.,,to54FB6 N TWalong.,to553 A6 N

lat., 1771 W. long.,to 553 06 N T13a0té6. ,E 11703ng. , as its nort
the latitude of Pointbpe 68216 N | at . ), as its eastern b
366 N TWibng,to5888 6 N TWlong., to Qape8Newenham

(8396 N lat.), and as it s-RwssgasMargimen boundar

Boundary Line of 1991. Area Q is diéd into the Pribilof District, which
includes waters south of Cape Newenham, and the Northern District, which
incorporates all waters north of Cape Newenham

NMFS-AFSC conducted an eastern Bering Sea continental slope trawl survey on a biennial
schedu¢ during 20022012 the survey scheduled for 2014 was cancelledd the survey
schedule resumed in 201®esults of the 2002012biennialeastern Bering Sea continental
slope trawl surveyshow that the biomass, number, and density (in number per area and in
weight per area) of golden king crab on the eastern Bering Sea continental slope are higher in
the southern areas than in the northern areas (Gaeumaa 2013b;Haaga et al. 2009
Hoff 2013; Hoff and Britt 2003, 2005 2009, 2011 Pengilly 201%. Of the six survey
subareas (see Figure 1 in Hoff 201Bjpmass and abundance of golden kargb were
estimatedhrough 20100 be highest in the Pribilof Canyon arfsarvey subarea 2Mostof
the commercialfishery catchfor golden kingcrabis reported to occur in the Pribilof Canyon
area(Fitch et al. 2A4; Neufeld andBarnard2003; Barnard and Burt 2004, 2006; Burt and
Barnard 2005, 2006 However, biomaswas estimated to have decreased between 2010 and
6



2012 in the Pribilof Canyon area and to have increased between 2010 and 20Kuimdhe
sukareal (the southernmostf the survey subares, so that biomasm 2012was estimated
to behighest insurvey sibarea 1Results from the 2016 survey have yet to be reviewed.

Results of the 2002012 bienniaNMFS-AFSC eastern Bering Sea continental slope trawl
surveys shoed that a majority of golden kingcrab on the eastern Bering Sea continental
slope occurreéh the 200400 m and 400600 m depth rangdgsiaaga et al. 20QHoff 2013;
Hoff and Britt 2003, 2005, 2009, 2011ommercial fishing for golden kingrabin the
Bering Sea typically occurs at depths of 1800 fathoms (183%49 m; Barnard and Burt
2004, 2006; Burt and Barnard 2005, 200&aeuman 201,12013¢ 2014 Neufeld and
Barnard 2003)averagedepth of pots fished in th2002 Pribilof District golden king cab
fishery (the most recently prosecuted fishery for which fishehserverdata are not
confidential) was 214 fathoms (391 m).

3. Evidence of stock structure

Although highest densities of golden king crab are found in the deep canyons of the eastern
Bering Sea continental slope, golden king crab occur sporadmaliye surveyed slopat
locationsbetween those canyons in the eastern Bering ISefi 2013; Hoff and Britt 2003,

2005, 2009, 2011Gaeuman 2018 2014. Stock structure within the Pribilof Distrittasnot

been evaluatedrishery and slope survey data suggest that areas at thenmoand southern
border of the Pribilof District are largely devoid of golden king crab (Pengilly 2015;
Appendix A3),but the stock relationship of the golden king crab within the Pribilof District
with the golden king crab outside of the Pribilof Disttias not been evaluated

4. Description of life history characteristics relevant to stock assessments (e.qg., special
features of reproductive biology)

The following review of molt timing and reproductive cycle of golden lkirgpis adapted

from Watson et al. (2002):

Unlike red kingcrah golden kingcrab may have an asynchronous molting

cycle (McBride et al. 1982, Otto and Cummiskey 1985, Sloan 1985, Blau and

Pengilly 1994) In a sample of male golden kirgab 95 155mm CL and

female golden kingcrab 1041 157-mm CL collected from Prince William

Sound and held in seawater tanks, Paul and Paul (2000) observed molting in

every month of the year, although the highest frequency of molting occurred

during May October Watson et al. (202) estimated that only 50% of 1-39

mm CL male golden kingrabin the eastern Aleutian Islands molt annually

and that the inter-mmCltavepagesPloear. f or mal es C

Female lithodids molt before copulation and egg extrusion (Nyblade .1987)
From their observations on embryo development in golden d¢ialy Otto and
Cummi skeyds (1985) suggested that time be
roughly twice that of embryo development and that spawning and molting of
mature females occurs approximgtedvery two years. Sloan (1985) also
suggested a reproductive cycle >1 year with a protracted barren phase for
female golden kingrah Data from tagging studies on female golden king
crabin the Aleutian Islands are generally consistent with a molt pdéaond
mature females of 2 yeaos lessand that females carry embryos for less than
two years with a prolonged period in which they remain in barren condition
(Watson et al 2002)From laboratory studies of golden kimgab collected
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from Prince William Sand Paul and Paul (200)1kestimated a 2@nonth
reproductive cycle with a t&onth clutch brooding period.

Numerous observations on clutch and embryo condition of mature female
golden king crab captured during surveys have been consistent with
asynchronos, aseasonal reproduction (Otto and Cummiskey 1985, Hiramoto
1985, Sloan 1985, Somerton and Otto 1986, Blau and Pengilly 1994, Blau et
al. 1998, Watson et al. 2002). Based on data from Japan (Hiramoto and Sato
1970), McBride et al. (1982) suggested thaveping of golden king crab in

the Bering Sea and Aleutian Islands occurs predominately during the summer
and fall.

The success of asynchronous and aseasonal spawning of goldenakintay be facilitated
by fully lecithotrophic larval development (i.ethe larvae can develop successfully to
juvenile crabwithout eating; Shirley and Zhou 1997).

Current knowledge of reproductive biology and maturity of male and female golden king
crab is also reviewed by Webb (2014).

Note that asynchronous, aseasonaltimp and the prolonged intermolt period (>1 year) of

mature female and the larger male golden ldrap likely makes scoring shell conditions

very difficult and especi anollyt , @i fpfoisd wnigt ptrom
inclusion of shell codition data into assessment models.

5. Brief summary of management history
A complete summary of the management histbrpugh 2Q1 is provided inFitch et al.
(2014, pagesB6i 87).

The first domesticharvest ofgolden kingcrabin the Pribilof Districtwas in 181/82 when

two vessels fishedPeakretained catctand participation occurred in 1983/84 a retained

catch of388 t (856,473b) landed by 50 vesselg¢Tables 1a and 1b) Since 1984 the fishery

has been manageuth a calendayearfishingseasoounder aut hority of a
permit and landings and participation has been low and sporadic. Retainedicetd984

has ranged fron® t (O Ib) to 155 t (341,908b) and the number of vessels participating
annually has ranged from 0O toMo vesseldishedin 2006 200 and 20151 vessel fished in

each of2010and 20122014,and2 vessels fished in 2011

The fishery is not rationalized and has been managed inseaaajuigeline harvest level
(GHL) since 1999. The GHL for 1999 w&4 t (200,000Ib), whereas the GHIfor 200Q
2014 was68 t (150,00db). Following the reduction of ABC from 82 t for 2014 to 68 t for
2015, the GHL was reducéa 2015to 59 t(130,000 Ib.

Catch statistics foP003 2005 and 201014 are confidential underes. 16.05.815 of SOA
statutes. It can be noted, however, that the 2003 andfi@d@4dieswere closed by emergency
order to manage the fishergtained catchiowards the GHLwhereasthe 2005 and 2010
2014 fisheries were not closed by emergency ok¥é&h regard to 2004fiCatch rates during
the 2004 fishery were among the highest on record, and the fishery wasothest ever at
approximately three weeks in duratigiBowers et al. 208, pages 8485).



A summary ofrelevantfishery regulationgnd management actiopsrtaining to thePribilof
District goldenking crab fishery is provided below.

Only males of a minimum legal size may be retained. By State of Alaska reguia#adx((

34.920 (a), the minimum legal size limior Pribilof District golden king crabs 5.5inches

(140 mm) carapace width (CW), including spines car apace | ength (CL)
to identify legalsize males when CW measurements are not available (T<dbie BRPFMC
2007).Golden kingcrabmay be commercially fisheonly with king crab pots (as defined in

5 AAC 34.050) pots used to take golden king crab in Registration Area Q (Bering Sea) may
be longlined (5 AAC 34.925(f)Pots used to fish for golden kirgabin the PribilofDistrict

must have at least four eseapngs of no less than five and ehnalf inches inside diameter
installed on the vertical plane or at least-timed of one vertical surface of the pot composed

of not less than ninech stretched mesh webbing to permit escapement of undersized golden

king crab (5 AAC 34.925 (c))and t he sidewall Aiémust cont ai

exceeding 18 inches in lengthThe opening must be laced, sewn, or secured together by a

single Il ength of untreated, 100 peEsAAEnNt cot

39.145(1)) There is a pot | i mi t-feed EOA @artl ofb0 pots fof o r
vessels >128eet LOA G AAC 34.925 (e)(1)(B))Golden king crab can be harvested from 1
January through 31 December only under conditions of a permit issubd bgmmissioner

of ADF&G (5 AAC 34.910 (b)(3). Since 2001those conditions have included the carrying
of a fisheries observer.

D. Data

1. Summary of new information:

1. Retained catctand estimated discardezhtch during the2015 directed fishery(no
effort and no catch) estimated discarded catch during other crab fisheries in 2015 (no
catch),andthe estimatel discardedcatch in groundfish fisheries during tB615/16
crab fishery year have been added

2. Data presented as time series
a. Total catchand h Information on bycatch and discards

1 The 181/82i1983/84, 198U2015time series of retained catch (number avalght
of crah including deadloss), effort (vessels and pot lifts)erage weight of landed
crah average carapace length of landwdh and CPUE (number of landexstab
captured per pot liftarepresented in Tabéla and 1b

1 The 1993 2015 time series ofweight of retained catcland estimatedweight of
discardeccatchandestimated weight dishery mortalityof Pribilof golden kingcrab
duringthe directed fisherand all other crab fisheriegegiven in Table 2Discarded
catch of Pribilof golden kingrab occurs mainly in the directed golden king crab
fishery, when prosecuted, and to a lesser extent in the Bering Sea snow crgb fishe
and the Bering Sea grooved Tanner crab fiskdrgn prosecutedecause the Bering
Sea snow crab fishery largely prosecutedetween January and May and the Bering
Sea grooved Tanner crab fishery is prosecutiéhl avcalendayear seasorgiscarded
catchin the crab fisheries can be estimated on a caleyekarbasis to align with the
calendatyear season for Pribilof District golden king cra®bserver data on size
distributions and estimated catch numberslistardedcatch were used to estimate
the weight ofdiscardedcatch ofgolden king cralby applying a weighatlength
estimator (see belowbservers werdirst deployed to collectliscardedcatchdata
during the Pribilof District golden king crab fishary2001 and during thBering Sea
grooved Tanner crab fishelip 1994 Retained catclor observerataare confidential

9
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for at least one of the crab fisheries 1899 2001, 2003 2005 and 2010 2014.
Following Siddeek et al. (2@), the bycatch mortality rate ofgolden king crab
captured and discarded during Aleutian Islagdislenking crab fishey was assumed
to be 0.2 Following Foy @013, bycatchmortality rate of king crabduring the snow
crab fishery was assumed to be 0.bhe bycatchmortality rate during thgrooved
Tanrer crab fishery waalsoassumed to be 0.5

1 The groundfistiisherydiscardedctatchdataaregrouped into crab fishery years, rather
than into calendar yearShe 199/92i 2015/16 time series oéstimatecannualweight
of discarded catctand total fishery mortalityof golden kingcrab during federal
groundfish fisheries by gear typeofnbinirg pot and hoolandline gearasa single
ffixedg e ar 0 @radtcanipining yhomelagic and pelagitrawl gear as a single
At r a vegon) isqpevided in Table 3Following Foy(2013), thebycatchmortality
of king crabcaptured by fixed gear during groundfish fisheries was assumed to be 0.5
and of kingcrab captured by trawls during groundfish fisheries was assumed to be
0.8. Data from 1991/92200809 are fom federalreporting area$13, 517, and 521
whereas the data from 2009/2015/%6 are fiom the State statisticalareas falling
within the PribilofDistrict (see variousttachmergto 13 August 201®mail from R.
Foy, NMFSAFSC-Kodiak).

1 Table 4summarizes the available data on retained catch weight and the available
estimates of discarded catch weight.

c. Catchrat-length: Not used in a Tier 5 assessment; none are presented.

d. Survey biomass estimatesSurvey biomass estimates are not used in aSTassessment.
However,seeAppendices A2A3 for biomass estimates ofiature maleyolden kingcrab
using datdrom the 2002 2012NMFS-AFSC eastern Bering Segpercontinental slope
trawl survey

e. Survey catch at lengthSurvey catch at lengttlata arenct used in a Tier 5 assessment.
However, sed\ppendices ALA3 for size datacompositionby sexof golden king crab
duringthe 20022012Bering Seaippercontinental slopé&rawl surves.

f. Other data time seriesNone

3. Data which may be aggregated oveiime:

a. Growth-permolt; frequency of molting, etc. (by sex and perhaps maturity state)

The author imot aware of data on growth per motillected from golden king crab in the
Pribilof District. Growth per molt of juvenile golden kingah 2i 35 mm CL, collected from

Prince William Sound have been observed in a laboratory setting and equations describing
the increase in CL and intermolt period were estimated from those observations (Paul and
Paul 2001a); those results are not provided.hn@rewth per molt has also been estimated
from gol den ki M@ mnttha werewagget in e Algdtian Islands and
recovered during subsequent commercial fisheries (Watson et al. 2002); those results are not
presented hergecause growtpermolt informaton does not enter intoEer 5 assessment

See sectiorC.4 for discussion of evidence thatature female and the larger male golden
king crab exhibit asynchronous, aseasonal molting angrolongel intermolt period (>1
year)

b. Weightat length or weigh-at-age (by sex)
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Parameters (A and B) used for estimating weight (g) from carapace length (CL, mm) of male
and femalegoldenking crabaccording to the equation, Weight = A*€l(from Table 35,
NPFMC 2007) are: A = 0.0@988and B = 3.B5for males and A= 0001424 and B = 2.781

for females

c. Natural mortality rate

The defaultnatural mortality rate assumed for king crab species by NPFMC (2007) is
M=0.18. Note, lowever, natural mortality was not used for OFL estimation because this
stock belongs to Ties.

4. Information on any data sources that were available, but were excluded from the

assessment

1 Standardized bottom trawl surveys to assess the groundfish and invertebrate resources
of the eastern Bering Sea upper continental slepee performed in 20022004,
2008 201Q 2012 and 2016(Hoff and Britt 2003, 2005, 2009, 2011;Haaga et al.
2009 Gaeuman 20E3 b. Dataand analysed resulfgertaining to golden king crab
from the2008 2012EBS upper continental slogeirveysare provided in Appendices
Ali A3, butare notusedin this Tier 5 assessmerata from the 2016 survey has yet
to be reviewed.

1 Data on the size and sex caosjiion of retained catch and discardrdch of Pribilof
District golden king crab during the directed fishery and other crab fisheries are
available but are not presented in thisr 5 assessment.

E. Analytic Approach

1. History of modeling approaches for this stock

Gaeuman (2013a, land Pengilly (2015presented assessmenbdelling approaches for this

stock to the Crab Plan Team using data from the biennial NMFS EBS continental slope
survey Appendices A2 and A3)However following the cancellation of the 2014 slope

survey, this stdc continuedto be managed as a Tier 5 stoftk 2016, as had been
recommended by NPFMC (2007) 20%d by the CPT a

2. Model Description: Subsectionsia are not applicable to a Tier 5 sack

Only an OFL and ABC is estimatdeor Tier 5 stockswhereit he OFL r epreser
average retained catch from a time period determined to be representative of the production
potenti al of t he.AlthoughcNPBEMC ((2007 FdefiGed 2h® OFL )n res

of the retained catch, totahtch OFLs may be considered for Tier 5 stocks for which non

target fishery removal data are availaffederalRegistefVol. 73, No. 116, 33926)The

CPT (in May 2010) and the SSC (in June 2010) endorsed the use of-eatokalOFL to

establish the OFIor this stock This assessment recommeiidsnd only considers use of a

totalcatch OFL for2017.

Additionall vy, NPFMC (2007) states that for
period selected for computing the average catch, hence the OFL, should be based on the best
scientific information available and provide the required risk aversiostéak conservation

and wutil i zG@wentbaha tgabatch GFL &0 be usedaternative configurations

for the Tier 5 model are limited to: Hiternative time periods for computing the average
totalcatch mortality; and 2) alternative appraches for estimating thdiscarded catch
component of the total catch mortaldyring that period

11



With regard to choosing from alternative time periods for computing average annual catch to
compute the OFLNPFMC (2007) suggested using the averagenedacatch over the years

1993 to 1999 as the estimated OFL for PribMa$trict golden khg crab Years postl984
werechosen based on an assumege8r lag between hatching and growth to legal afisy

t he 1976/ 7 7.With reggrd tonexclugidp dath froin years 1985 to 1992 and years

after 1999, NPFMC (2007) statéd,he excluded years are from 1985 to 1992 and from 2000

to 2005 for Pribilof Islands golden king crab when the fishing effort was less than 10% of the
average or the GHL was setltoe the previous average catch. I n 2008 the CPIT
endorsed the approach of estimating OFL as the average retained catch durii®999ar

setting aretainedcatch OFL for 2009. Howevein May 2009 the €T set a retainedatch

OFL for 201Q butusing the average retained catch during 19998 1999 was excluded
because it was the first year that a preseason GHL was established for the lisMay

2010, the CPT established a tetatch OFL computed as a function of the average retained
catchduring 19931998 a ratiebased estimate of the bycatch mortality during the directed
fishery of that peri od, and an estimate of
fisheries Other time periods, extendingito yearspost1999, had beerconsicered for
computing the average retaineatchin the establishment of ti#2009, 2010, 2011 OFLs, but

those time periods wemejectedby the CPT and the SSEence the period for calculating

the retaineetatch portion of the Tier 5 totahtch OFL for thisstock has been firmly
established by the CPTand SSCat199998 (t he CPT said fAthis fr
For the 2012and the 201®FLs, the CPT and SSC recommended the period iIZ10 for
calculatingthe ratio-based estimate of the bycatch matity during the 19981998 directed

fishery, the period 1994998 for calculating the estimated bycatch mortality due te non
directed crab fisherieduring 19931998 and the period 1992/83998/99 for calculating the
estimated bycatch mortality due tagndfish fisheriesluring 19931998

Two alternative approaches for determination of the 2013 OFL were presented to the CPT
and SSC in MaiyJune 2013. Alternative 1 was the status quo approach (i.e., the approach
used to establish the 2012 tetaltch OFL. Alternative 2 was the same as Alternative 1
except that it used updateliscardedcatchdata from crab fisheries in 201Alternative 2

was presented specifically to allow the CPT and the SSC to clarify whether the 2013 and
subsequent OFLs should bengouted using data collected after 2010, or if the time periods
for data used to calculate the 2013 and subs
to calculate the 2012 OFIThe CPT and the SSC both recommendidrnative 1, clarifying

that Tier 5 OFLs for future years should be computed using only data collected through 2010
Following that recommendation from CPT and the SSC, only one altermespresented

for computing the2014 2016 Tier 5 OFLs (i.e., the Alternative 1 that was presented in
2013) The 2017 Tier 5 OFL recommended hereses the same approaak used forthe

2013 2016 Tier 5 OFlLs.

3. Model Selection and Evaluation
a. Description of alternative model confiqurations

The recanmended OFLis set as a totalatch OFLusing 19981998 to compute average
annual retained catclan estimate othe ratioof bycatch mortalityto retained catch during
the directed fisheryan estimate of the average annual bycatch mortality due to the non
directed crab fisheriesluring 19941998 and an estimatef average annual bycatch
mortality due tahe groundfish fisherieduring 1992/981998/99; i.e.,

OFL2017= (1+R2001 2010*RE T 19931908 + BMnc 19941998 + BMGF,92/93 98/99

12



where

1 Roooz2010iS the average of the estimated annual ratio of bycatch mortality to retained
catchin the directed fishery during 2002010

1 RETig9319081S the average annual retained catch in the directed crab fishery during
1993 1998

1 BMnc 19941008iS the estimatedverageannual bycatch mortality in nedirectedcrab
fisheries during 19941998

1 BMcgro2e39s899 IS the estimatedaverageannual bycatch mortality in groundfish
fisheries during 1992/93.998/99.

The average of the estimated annual ratio of bycatch myprtalitretainedcatch in the
directed fishery during 2002010 is used as a factor to estimate bycatch mortality in the
directed fishery during 1993998 because, whereas thareno data ordiscardecdcatchfor

the directed fishery during 1908998, thereare such data from the directed fishery during
20071 2010 (excluding 20Q&009, when there was no fishery effort).

The estimated average annual bycatch mortality indicted fisheries during 1902998
is used to estimate the average annual bycatch lihorta non-directed fisheries during
1993 1998 because theereno discarded catcdata available for the nedirected fisheries
during 1993.

The estimated average annual bycatch mortality in groundfish fisheries during 1992/93
1998/99 is used to estiteathe average annual bycatch mortality in groundfish fisheries

during 19931998because 1992/93998/99 is the shortest time period of crab fishery years

that encompasses calendar years 19938.

Statistics on the datand estimates used to calcul&ET 19931998 R20012010 BMnc, 19941998
and BMGrosias-0809 are provided in Tabl&; the column means in Tabfeare the calculated
values of RETig931998 R200:2010 BMnc 10041008 and BMgrozas-osme. Using the calculated
valuesof RET1g931098 Rooo12010 BMnc, 19041908 and BMgroziesa-see, the calculated value of
OFLyo171s,

OFLyp17= (1+0052)*78.80 t+ 6.09t + 3.79 t= 93t (204,5271bs).
b. Show a progression of results from the previous assessment to the preferred base model

by addingeach new data source and each model modification in turn to enable the
impacts of these changes to be assessege the table, below.

Retained
VS. Time Period Resulting OFL
Model Total-catch ()
Recommendedtatus quo | Totalcatch 1993 1998 93

This is recommended as being the best approach with the limited data avaidifielows

the advice of the CPT and SSC to ndAfetemezeo
period that wagstablished for the 2012 OFlnd uses the computationsoenmended by the

CPT and SSC in 2013
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Evidence of search for balance between realistic (but possibly-paeameterized) and
simpler (but not realistic) modelsSee Section Fabove

Convergence status and convergence criteria for the besse model(or proposed
basecase model) Not applicable.

Table (or plot) of the sample sizes assumed for the compositionat datapplicable.

Do parameter estimates for all models make sense, are they cr@dible

The time period used for determining the Olvas established by the SSC in June2201
Retained catch data come from fish tickets and annual retained catch is considered a
known (not estimated) valu&stimates ofdiscarded catclfirom crab fisheries data are
generally considered credible (e.g., Byraxed Pengilly 1998, Gaeuman 2012013¢

2014, but may have greater uncertainty in a small, low effort fishery such as the Pribilof
golden king crab fisheryEstimates of bycatch mortality are estimateslie€arded catch

times an assumed bycatch mortaliffe The assumed bycatch mortality rates (i.e., 0.2

for crab fisheries, 0.5 for fixedear groundfish fisheries, and 0.8 for trawl groundfish
fisheries) have not been estimated from data.

Description of criteria used tocevaluate the model or to choosEmong alternative
models including the role (if any) of uncertainty See section E.3.above.

Residual analysis (e.q. residual plots, time series plots of observed and predicted values
or other approach) Not applicable.

Evaluation of the model, if aly one model is presented; or evaluation of alternative
models and selection of final model, ifare than one model is presentedsee section
E.3.c, above.

. Results (best model(s))

. List of effective sample sizes, the weighting factors applied when djttie indices, and
the weighting factors applied to any penaltiedlot applicable.

. Tables of estimates (all quantities should be accompanied by confidence intervals or
other statistical measures of uncertainty, unless infeasible; include estimates from
previous SAFEs for retrospective comparisonsyee Table&i 5.

Graphs of estimates (all guantities should be accompanied by confidence intervals or
other statistical measures of uncertainty, unless infeasibléfformationrequested for
this subsections not applicable to a Tier 5 stock

. Evaluation of the fit to the data Not applicable foiTier 5 stock

.Retrospective and historic analyses (retroc
model and truncating the timeseries of data on which the asssment is based; a
historic_analysis involves plotting the results from previous assessment$jot

applicable for Tier 5 stock
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f. Uncertainty and sensitivity analyses (this section should highlight unresolved problems
and _major_uncertainties, along withany special issues that complicate scientific
assessment, including guestions about the best model,: et€odr this assessment, the
major uncertainties are:

T Whet her the time period is Arepresentat:i
and ifit seves toipr ovi de the required risk avers
utilization goal s. o Or whether any such

o0 Only a period of 6 years is used to compute the OFL, i18828 The SSC
has noted its uneasiness witlat situation( &yeas of data are very few years
upon which to base these catch specifi

1 No data ondiscarded catclkdue to the directed fishemre availablefrom the period
used to compute the OFEstimation ofthe OFL rests on the assumption that data on
the ratio ofdiscarded catcto retained catchrom post2000 can be used to accurately
estimate that ration 1993 1998

1 The bycatch mortality rates used in estimation of total cdgicatch mortality is
unkrmown and no data that could be used to estimate the bycatch mortality of this stock
areknown to the authoHence only the values that are assunfedother BSAI king
crab stock assessments are considered in this assesdrhenestimated OFL
increasesdr decreass) relative tathe bycatch mortality rates assumed: doubthe
assimed bycatch mortality rates increashee OFL estimateby a factor of 1.15;
halvingthe assumed bycatch mortality ratecreasethe OFL estimate by a factor of
0.92.

F. Calcu lation of the OFL

1. Specification of the Tier level and stock status level for computing the OEL
1 Recommended abier 5, totatlcatch OFL estimated by estimated average total catch
over a specified period.
1 Recommended time period for computing rezginatch OFL:1993 1998
o Thisis thesametime periodthat wasused to establis®@FL for 2010 2016.

The time period1993 1998 provides the longestontinuoustime period
through 25 during whichvessels participated in the fishery, retahzatch
data ca be retrievedhat arenot confidentia] andthe retained catch was not
constrained by a GHLData ondiscarded catckhontemporaneous with 1993
1998 to the extent possitdeeused to calculate the toteatch OFL.

2. List of parameter and stock size estimi@s (or best available proxies thereof)
required by limit and target control rules specified in the fishery management plan
Not applicabldor Tier 5 stock

3. Specification of thetotal-catch OFL :

a. Provide the equations (from Amendment 24) on which the OElto be based

FromFederal Register/ Vol . 73, No. 116, page 33926, n F
level is specified in terms of an average catch value over an historical time period, unless the
Scientific and Statistical Committee recommerats alternative value based on the best
available scientific information. o Addi ti or
data are available, catch includes all fishery removals, including retained catch and discard
losses. Discard losses wileldetermined by multiplying the appropridtandlingmortality

rate by observer estimates of bycatch discafdts stocks where only retained catch
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information is availabl e, the overfishing | ¢
(FR/\Vol. 73,No. 116, 33926)That compares with the specification of NPFMC (2007) that

the OFL frepreserjs] the average retained catch from a time period determined to be
representative of the gduction potential of the stogk

b. Basis for projecting MMB to the timef mating Not applicabldor Tier 5 stock

c. Specification of For, OFL, and other applicable measures (if any) relevant to
determining whether the stock is overfished or_if overfishing is occurtin@ee table
below. No vessels participated in the 2015 directed fislay no bycatch was observed
in crab fisheries in 2015; therefore total catch in 2015 was zero. Althbught of
fishery mortality occurred during groundfish fisheries in 2015/1¢catch due to
groundfsh fisheries is not includeoh the total catch herbecause available data are
summari zed byedrco abaf hh e&h etrvigrishingdid noeoocdranr y e a |
2015. Values for th2017OFL and ABC are the authoroés rec

Management Rerformance Table (values in t)
Calendar Biomass a Retained Total
Year MSST (MMB) °7° Catch  cachb  OFF  ABC
2013 N/A N/A 68 Conf.¢ Conf.® 90.7 81.6
2014 N/A N/A 68 Conf.® Conf.® 90.7 81.6

2015 N/A N/A 59 0 0 91 68
2016 N/A N/A 59 91 68
2017 N/A N/A 93 70

a. Guideline harvest level, established in Ib and converted to t.

b. Total retained catch plus estimategatch mortality of discardechtch during crab fisheries only. Bycatch mortality due to
groundfish fisheries is not included here because availabledstau mmar i zed by fcrab fishery year
year; estimates of annual bycatch mortality during 1992024/15ground i sh fi sheri es ar2d. 09 t, wit

C. Confidential un@r Sec. 16.05.815 (SOA statut&HL not attained.

Management PerformanceTable (values inlb)

Calendar Biomass a Retained Total
Year  MSST (MmB) °t Catch  Catch®  OFL  ABC
2013 N/A N/A 150,000  Conf® Conf® 0.2¢ 018"
2014 N/A N/A 150,000  Conf® Conf® 0.2¢ 018"
2015 N/A N/A 130,000 0 0 0.2¢f 0.15

a. Confidential under Sec. 16.05.815 (SOA statute). GHL not attained.
b. Established in millions of Ib to the nearest Grfilion Ib.

4. Specification of the retainedcatch portion of the totalcatch OFL.:
a. Equation for recommended retainedportion of total-catch OFL.
Retainedcatch portion = average retained catch during 109398(Tableb).
=791

Note that a retained catchof 79twoelk ceed t he aut hord20I/r ec omm
(701); see G.4, below.

5. Recommended bg , OFL total catch and the retained portion for the coming year
See sectionk.3 andF.4, above; no BrLis recommended for a Tier 5 stock.
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G. Calculation of ABC

1. PDF of OFL. A bootstrap estimates of the sampling distribution (assuming no error in
estimation ofdiscarded catghof the status quoAlternative 1OFL is shown inFigure 2

(1,000 samples drawn with replacement independently from each dduheolumns of
values in Tabléb to calculateRooo12010 RETi9931996 BMnc, 109419908 BMcF 930809, and
OFLyo). The mean and C\Womputed from the 1,000 replicatese 92 t and 0.25
respectively Note that generated sampling distribution and computed staddsiation are
meaningful as measures in the uncertainty of the OFL only if assumptions on the choice of
years used to compute the Tier 5 OFL are true (see Sections E.2 and E.4.1)

2. List of variables related to scientific uncertainty.

1 Bycatch mortality rate in each fishery tltascarded catcbccurs Note that for Tier 5
stocks, an increase in an assumed bycatohtality rate will increase the OFL (and
hence the ABG)but has no effect on the retairestch portion of the OFL or the
retainedcatch portion of the ABC

1 Estimateddiscarded catchnd bycatch mortality for each fishery tliigcarded catch
occurred in during 1993998.

1 The time period to compute the average catuther theassumptiorof represenng fia
time period determied to be representative of the production potential of the.stock

1 Stock size in 202is unknown.

3. List of additional uncertainties for alternative sigmab. Not applicable to this Tier 5
assessment.

5. Author recommended ABC. 25% buffer on OFL; i.e., ABC £1-0.25)-(93t) = 70t
(153,395 Ib.

H. Rebuilding Analyses
Not applicablethis stock has not been declared overfished.

|. Data Gaps and Research Priorities

Data fromthe 2008 2012 biennial NMFS-AFSC eastern Bering Seapper continentaslope
trawl surveyshave beemxaminedor their utility in determining overfishing levels and stock
status by Gaeuman (2183b and Pengilly (2015)Cancellation of the survey that was
scheduled for 2014 raidauncertainties on the prospects for obtaining fishedgpendent
survey data on this stock in the futub®weverthe slope survewas conducted isummer
2016
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Table Il Commercial fisheryhistory for thePribilof District golden king crab fishery
1981/82 througl2015 number of vessels, guideline harvest level (GHL; established
in Ib, converted to 9, weight of retained catch @fvest t), number of retained
crab, pot lifts, fishery catch per unit effort (CPUE; retained crab per pot lift), and
average weightkQ) of landed crab.

Fishing/Calendar Average
Year VesselsGHL Harvest Crall Pot lifts CPUE weight
1981/82 2 G CF CF CF CF CF
1982/83 10 G 32 15,330 5,252 3 21
1983/84 50 G 388 253,162 26,035 10 15
1984 0 G 0 0 0 q q
1985 1 G CF CF CF CF CF
1986 0 G 0 0 0 G q
1987 1 G CF CF CF CF CF
1988 - 1989 2 G CF CF CF CF CF
1990 - 1992 0 G 0 0 0 q q
1993 5 G 31 17,643 15395 1 1.7
1994 3 G 40 21477 1,845 12 1.9
1995 7 G 155 82,489 9,551 9 19
1996 6 G 149 91,947 9952 9 1.6
1997 7 G 81 43,305 4,673 9 1.9
1998 3 G 16 9,205 1530 6 1.8
1999 3 91 80 44,098 2,995 15 1.8
2000 7 68 58 29,145 5450 5 2.0
2001 6 68 66 33,723 4,262 8 2.0
2002 8 68 68 34,860 5279 6 2.0
2003 3 68 CF CF CF CF CF
2004 5 68 CF CF CF CF CF
2005 4 68 CF CF CF CF CF
2006 - 2009 0 68 0 0 0 G G
2010 1 68 CF CF CF CF CF
2011 2 68 CF CF CF CF CF
2012 1 68 CF CF CF CF CF
2013 1 68 CF CF CF CF CF
2014 1 68 CF CF CF CF CF
2015 0 59 0 0 0 G G
Note: CF: confidential information due to less than three vessels or processors having participated in fishery;

CF: confidential information and fishery was closed by emergency order to manage the harvest to the
preseason GHL.

2 Deadloss included.
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Table b. Commercial fishenhistory forthe PribilofDistrict golden king crab fishery1981/82
through2015 number of vessels, guideline harvest le@H(; Ib), weight of retained
catch (Harvest Ib), number of retained crapot lifts, fishery catch per unit effo(CPUE;
retained crab per pot liftand average weigfib) of landed crab

Fishing/Calendar Average
Year Vessels GHL Harvest Cralf Pot lifts CPUE weight
1981/82 2 q CF CF CF CF CF
1982/83 10 q 69,970 15,330 5,252 3 4.6
1983/84 50 ¢ 856,475253,162 26,035 10 34
1984 0 q 0 0 0 q q
1985 1 q CF CF CF CF CF
1986 0 q 0 0 0 q G
1987 1 q CF CF CF CF CF
1988 - 1989 2 q CF CF CF CF CF
1990 - 1992 0 q 0 0 0 q q
1993 5 G 67,458 17,643 15395 1 3.8
1994 3 G 88,985 21,477 1,845 12 4.1
1995 7 ¢ 341,908 82,489 9,551 9 4.1
1996 6 ¢ 329,009 91,947 9,952 9 3.6
1997 7 ¢ 179,249 43,305 4,673 9 4.1
1998 3 q 35,722 9,205 1530 6 3.9
1999 3 200,000177,108 44,098 2,995 15 4.0
2000 7 150,000127,217 29,145 5450 5 4.4
2001 6 150,000145,876 33,723 4,262 8 4.3
2002 8 150,000150,434 34,860 5,279 6 4.3
2003 3 150,000 CF CF CF CF CF
2004 5 150,000 CF CF CF CF CF
2005 4 150,000 CF CF CF CF CF
2006 - 2009 0 150,000 0 0 0 G q
2010 1 150,000 CF CF CF CF CF
2011 2 150,000 CF CF CF CF CF
2012 1 150,000 CF CF CF CF CF
2013 1 150,000 CF CF CF CF CF
2014 1 150,000 CF CF CF CF CF
2015 0 130,000 0 0 0 G G
Note: CF: confidential information due to less than three vessels or processors having participated in fishery

CF: confidential information and fishery was closed by emergency order to manage the harvest to the
preseason GHL.

& Deadloss included.
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Table 2.Weight ¢) of retained catch and estimatdidcarded catclf Pribilof golden king
crab during crab fisheries, 199815, with total fishery mortalityt) estimated by
applying a bycatch mortality rate of 0. the discarded catch itne directed
fishery and a bycatch mortality rate of G the discarded catcim the non
directed fisheries.

Discardedno mortality rate applied)

Pribilof Islands Bering Sea
Calendar golden Bering Sea  grooved Total
Year Retained king crab snow crab Tanner crab  Mortality
1993 30.60 no data 0.00 no data o}
1994 40.36 no data 3.80 1.15 o}
1995 155.09 no data 0.63 15.65 o}
1996 149.24 no data 0.24 2.34 o}
1997 81.31 no data 4.05 no fishing o}
1998 16.20 no data 33.00 no fishing o}
1999 80.33 no data 0.00 confidential o}
2000 57.70 no data 0.00 confidential o}
2001 66.17 17.82 0.00 confidential confidential
2002 68.24 19.00 1.06 no fishing 72.57
2003 confidential confidential 0.15 confidential 72.20
2004 confidential confidential 0.00 confidential 66.93
2005 confidential confidential 0.00 confidential 29.85
2006 nofishing no fishing 0.00 0.00 0.00
2007 no fishing no fishing 0.00 0.00 0.00
2008 no fishing no fishing 0.00 no fishing 0.00
2009 no fishing no fishing 0.96 no fishing 0.48
2010 confidential confidential 0.00 no fishing confidential
2011 confidential confidential 0.27 no fishing confidential
2012 confidential confidential 0.27 no fishing confidential
2013 confidential confidential 0.58 no fishing confidential
2014 confidential confidential 0.12 no fishing confidential
2015 no fishing no fishing 0.00 no fishing 0.00
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Table 3 Estimated annual weight)(of discarded catch of Pribilof golden king crab (all sizes,
males and females) during federal groundfish fisheries by gear type (fixed or trawl),
1991/92 2015/16, with total bycatch mortalityt] estimated by assuming bycatch
mortality rate = 0.5 for fixedjear fisheries and bycatch mortality rate = 0.8 for trawl

fisheries.
Discarded catch
(no mortality rate applied) Total
Crab fishing year  Fixed Trawl Total Mortality
1991/92 0.05 6.11 6.16 4.91
1992/93 3.49 8.87 12.35 8.84
1993/94 0.51 9.64 10.14 7.96
1994/95 0.25 3.22 3.47 2.70
1995/96 0.41 1.90 2.31 1.72
1996/97 0.02 0.87 0.89 0.71
1997/98 1.34 0.49 1.83 1.06
1998/99 6.77 0.18 6.95 3.53
1999/00 4.79 0.65 5.43 291
2000/01 1.63 1.88 3.50 2.31
2001/02 1.50 0.36 1.85 1.03
2002/03 0.55 0.21 0.77 0.45
2003/04 0.23 0.18 0.41 0.26
2004/05 0.16 0.39 0.55 0.39
2005/06 0.09 0.06 0.15 0.09
2006/07 1.32 0.12 1.44 0.75
2007/08 8.47 0.16 8.63 4.36
2008/09 3.99 1.56 5.55 3.24
2009/10 2.40 1.17 3.57 2.14
2010/11 0.65 0.94 1.59 1.08
2011/12 0.73 1.13 1.87 1.27
2012/13 0.70 0.87 1.58 1.05
2013/14 0.46 2.73 3.19 2.42
2014/15 0.31 0.23 0.54 0.34
2015/16 0.66 1.02 1.68 1.15
Average 1.66 1.80 346 2.27
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Table 4. Retainedcatchweights ) and estimates of discardedtch weightst] of Pribilof
Islands golden king crab available for a Tier 5 assessment; shaded, bold values are
used in computation of the recommended (status quo Alternative 1) Tier 5 OFL.

Retained catch weight Discarded catch weight (estimated)

Fish tickets Observer data: lengths, catch per samplec  Blend method; Catch Accounting Systen
Calendar Yedr Crab Fishing Yedr Directed fishery  Directed fishery Non-directed crab fisheriesFixed gear, groundfisiirawl gear, groundfis

1981/82 Confidential

1982/83 31.74

1983/84 388.49
1984 1984/85 0.00
1985 1985/86 Confidential
1986 1986/87 0.00
1987 1987/88 Confidential
1988 1988/89 Confidential
1989 1989/90 Confidential
1990 1990/91 0.00
1991 1991/92 0.00 0.09 6.11
1992 1992/93 0.00 3.49 8.87
1993 1993/94 30.60 0.51] 9.64
1994 1994/95 40.36 4.95 0.25 3.22
1995 1995/96 155.09 16.28 0.41 1.90
1996 1996/97 149.24 2.58 0.02 0.87
1997 1997/98 81.31 4.05 1.34 0.49
1998 1998/99 16.20 33.00 6.77 0.18
1999 1999/00 80.33 Confidential 4.79 0.65
2000 2000/01 57.7Q Confidential 1.63 1.88
2001 2001/02 66.17 17.20 Confidential 1.5¢ 0.36
2002 2002/03 68.24 19.00 1.04 0.55 0.21
2003 2003/04 Confidential Confidential Confidential 0.23 0.18
2004 2004/05 Confidential Confidential Confidential 0.14 0.39
2005 2005/06 Confidential Confidential Confidential 0.09 0.06
2006 2006/07 0.00 0.00 0.00 1.32 0.12
2007 2007/08 0.00 0.00 0.00 8.47 0.16
2008 2008/09 0.00 0.00 0.00 3.9 1.56
2009 2009/10 0.00 0.96 0.96 2.44 117
2010 2010/11 Confidential Confidential 0.09 0.6§ 0.94
2011 2011/12 Confidential Confidential 0.27 0.73 1.13
2012 2012/13 Confidential Confidential 0.27 0.70 0.87
2013 2013/14 Confidential Confidential 0.54 0.44 2.73
2014 2014/15 Confidential Confidential 0.12 0.3 0.23
2015 2015/16 0.00 0.00 0.00 0.66 1.02

a. Year convention for retained weights in directed fishery, 1984-2015, and estimates of discarded bycatch weights in directed, non-directed c
b. Year convention for retained weights in directed fishery, 1981/82-1983/84, and estimates of discarded bycatch rates in groundfish fisheries.
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Table5. Data for calculation o0RET1g931908 (t) and estimates used in calculationRafo12010
(ratio, t:t), BM NC,19941998 (t), and BMGF,gz/gggs/gg (t) for calculation of the
recommended (status quo Alternative 1) Pribilof Islands golden king crab Tier 5
2017 OFL (t); values underRET;g931908 are from Table 1, values undd®x001.2010
were computed from the retained catch data and the directed fdikeayded catch

estimates in Table 2 (assumed bycatch mortality rate =

0.2), values under

BMnc 10041998 Were computed from the nedlirected crab fisheryliscarded catch
estimates in Table 2 (assumed bycatch mortality rate = 0.5) and values under
BM GF,92/9398/99 Al'€ from Table 3.

Crab
Calendar Fishing
Yeaf Year RET19931998 R2o012010  BMnc, 190410908 BMGF,92/9308/99
1993 1992/93 30.60 8.84
1994 1993/94 40.36 2.48 7.96
1995 1994/95 155.09 8.14 2.70
1996 1995/96 149.24 1.29 1.72
1997 1996/97 81.31 2.03 0.71
1998 1997/98 16.20 16.50 1.06
1999 1998/99 3.53
2000 1999/00
2001 2000/01 0.054
2002 2001/02 0.056
2003 2002/03 conf.
2004 2003/04 conf.
2005 2004/05 conf.
2006 2005/06
2007 2006/07
2008 2007/08
2009 2008/09
2010 2009/10 conf.
N 6 6 5 7
Mean 78.80 0.052 6.09 3.79
S.E.M 24.84 0.004 2.87 1.25
Ccv 0.32 0.07 0.47 0.33

a. Yearconvention corresponding with values unB&T; 9931908 Roo0x2010 @Nd BMyc 10041908
b. Yearconvention corresponding with values unBM cr 92/9308/09
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Appendix A1.EBS slope survey data on Pribilof Islands golden king crab (from Pengilly
2012, 2012 SAFE chapter).

Survey biomass estimates are not used in a Tier 5 assessment. However, biomass estimates of
golden king crab (all sizes and sexes) by area and deptHrpome¢he 2002, 2004, 2008, and

2010 NMFSAFSC eastern Bering Sea upper continental slope trawl survey are presented in
Table 4. The survey area is depicted in Figure 2 and catch distribution and density of golden
king crab during the 2010 survey is shoianFigure 3. Trends in survey biomass, with the
Pribilof Canyon area shown separately, are presented graphically in Figure 4.

Survey catch at length data are not used in a Tier 5 assessment. However, size composition by
sex of the estimated golden kingabrpopulation from the 2004, 2008, and 2010 eastern
Bering Sea upper continental slope trawl survey is presented in Figure 5.

Standardized bottortnawl surveys to assess the groundfish and invertebrate resources of the
eastern Bering Sea (EBS) upper coatital slope have been performed in 2002, 2004, 2008,
2010 (Hoff and Britt 2003, 2005, 2009, 2011; Haaga et al. 2009). The raw data from those
surveys have not been accessed for this assessment; only summary of results and stock
biomass estimates thatueabeen reported by Hoff and Britt (2003, 2005, 2009, 2011) and
reported by Haaga et al. (2009) are presented in this assessment. Access to the raw data from
those standardized sswepys evui chatl bowof oabdadamc
of gdden king crab in the Pribilof District by relevant size, sex, and reprodustitas

classes (e.g., mature male biomass, mature female biomasssiteghmale biomass, etc.).
Additionally, a pilot slope survey was also performed in 2000 and trieanigkys using a

variety of nets, methods, vessels, and sampling locations were performed duriing2ea79

(Hoff and Britt 2011); no data from those surveys were accessed for, and no results from those
surveys were reported on, in this assessment becausmdimg to Hoff and Britt (2011),
ACompari sons {200 sueeyrand tiose cgndusted from 19891 remains
confounded due to differences in sampling gear, survey design, sampling methodology, and
species identification. o

The CPT encouragethat data from the EBS slope survey be included to the extent possible to

consider whether that information may be sufficient to move this assessment up to Tier 4 in

future years (2009 Crab SAFE, Executive Summary). Although published and unpublished

summaries of the EBS slope survey data have been included in recent SAFEs, the author has

not acquired the raw survey data, as would be necessary for considering if that data is
sufficient for a Tier 4 ass e sencowagementto Wi t h regar
explore the eastern Bering Sea wupper continental

their wutility to provide estimates of Dbiomass fo
and to give consideration to TIthe distribution of
to stock distribution, as well as estimation of survey catchability by size

and sex,A the author reports the following, gen

survey report (Hoff and Britt 2011).

The survey samples approximately 200 randomly -chosen locations (stratified

by 200 m depth zones) from the areas of 200 ‘EL,200 m depth. In 2010, the
mean sampling density over the total surveyed area of 32,723 km 2 was one
haul per 204.48 km 2 survey tow sampling is denser at depths < 800 m. That
sampling density compares to one haul per 400 nmi 2 (1,372 km? for the
standard stations in the eastern Bering Sea continental shelf survey. Hence

the survey design provides a high sampling density within the depth range

that golden king crab typically occur and at which the commercial fishery

is typically prosecuted. Moreover, the survey area contains all areas at
depths of 200 'EL,200 m within the borders of the Pribilof District and the

survey area, extending beyond the north and south borders of the district.
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With regard to the survey catchability by size and sex, the survey uses a
Poly Nor i e a s-bpening bottomgtrawl equipped with mud -sweeper
roller gear (see Hoff and Britt 2011 for details). The author has no idea

how such gear affects survey catchability by size or sex, or how such would

compare with t hat realized by the continental shelf survey, which does not

use mudsweeper roller gear. The author is not aware of any studies that

provide data to estimate catchability by size and sex for this survey.

Under the survey protocols, sites are considered t owable when depth change
less than 50 m over a 2 -nmi transect and there are no detectable obstacles

in the trawl path; that restriction on trawl locations may or may not

affect catchability for all sizes and both sexes, depending on habitat
preferences. T he author notes that a cursory examination of the size/sex
frequency distribution of golden king crab captured during the last three

biennial surveys (Figure 5), shows that golden king crab <20 mm CL are
captured by the survey gear, but that highest freque ncies tend to occur at
sizes >100 mm CL, consistent with reduced catchability at smaller sizes.

Size and sex frequencies of captured golden king crab appear to track

poorly across the last three biennial surveys (Figure 4). For example, the

catch in 2008 was dominated by males of roughly 90 ‘EL20 mm CL and the size
frequency distribution of females in 2008 was relatively flat, whereas the

catch in 2010 was dominated by females of roughly 110  'EL40 mm CL and the
size frequency distribution of males in 2010 was relatively flat.
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Table 4 Biomass estimates (metric tons) of golden kangb (all sizes, both sexes) fro
results of the 2002, 2002008 2010 NMFS-AFSC eastern Bering Sea upper
continental slope trawl survey, by survey subarea and depth zone (from Haaga et
2009 Hoff and Britt 2003, 2005, 200 2011,and J. Haaga, NMFBFSC, Kodiak,

26 August 2009).
Subarea 1l Subarea2 Subarea 3 Subarea 4 Subarea® Subarea 6
Depth Bering Pribilof Zhemchug Pervenet®Navarin
Year (m) Canyod  Canyon” Canyor? Canyon$
202 200400 53 289 49 52 16 29
400600 78 253 32 1 3 14
600-800 121 1 0 0 0
800-1000 1 0 0 0 0 0
10001200 19 - 0 0 0
Total 131 682 81 53 19 44
2004 200400 4 526 25 121 13 2
400600 45 220 13 0 13 22
600-800 14 67 10 0 0 0
800-1000 1 4 3 0 0 0
10061200 0 0 0 0 0
Total 65 817 51 121 25 24
2008 200400 67 258 65 173 0 38
400600 78 584 19 0 2 29
600-800 2 76 8 32 0 0
800-1000 0 0 0 0 0
10001200 0 2 0 0 0 0
Total 146 919 91 206 2 66
2010 200400 116 1050 85 72 34 53
400600 246 432 0 3 64
600-800 0.4 104 0.1 0 0 6
800-1000 1 12 0 0 0 0
100061200 0 17 0 0 0 0
Total 363 1615 89 72 37 123

a. Partially in Pribilof District.
b. Entirely in Pribilof District.
c. Not in Pribilof District.
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Appendix A2.EBS slope survey data on Pribilof Islands golden king crab (from Gaeuman
May 2013 report to Crab Plan Team: Pribilof Islands golden king crab Tier 4 Stock
assessment considerations, April 2013).

The EBSupper continental slope survey

Details on the EBS continental slope survey methods are provided in Hoff

and Britt (2011). Standardized surveys have been conducted in 2002, 2004,

2008, 2010, and 2012; although intended to be biennial, no survey was
performed in 2006.  The survey occurs during Jurdally and the surveyed region consists
of a swath of (trawlabf ocean bottom at depths of 200200 m extending northwest from
near Dutch Harbor some 600 mi along the EBS continental slope (Figufdel)survey
area is divided into 6 geographic subareas running north -to-south in the
survey area: Bering Canyon area, Pribilof Canyon area, the inter -canyon
area between Pribilof Canyon and Zhemchug Canyon, the Zhemchug Canyon area,

the inter -canyon area between Zhemdéwug and Pervenets Canyon, and the
Pervenets and Navarin Canyons area. The subareas are partitioned into five

200-m depth zones, from 200 to 1,200 m. The survey samples approximately

200 locations by stratified simple random sampling from the 30 area - by-
depth- zone strata. In 2010 sampling densities within strata ranged from one

haul per 112.39 km ? to one haul per 368.96 km 2 (survey tow sampling is
denser at depths < 800 m), and the mean sampling density over the total

surveyed area of 32,723 km 2 was one haul per 204.48 km 2. That sampling
density compares to one haul per 400 nmi 2 (1,372 km? for the standard
stations in the eastern Bering Sea continental shelf survey. The survey

uses a Poly Nor-opering battormtrawl eqgifped with mud - sweep
roller gear; the mudsweep roller gear was constructed of 203 mm solid rubber disks
strung over 16 mm higtensile chainThe standard tow is 30 minutes at 2.5 knots.

Limited biennial data series The set of available EBS sloparvey results usef for such an
assessment consists only of those for 2008, 2010, and 2012, resulting in an extremely limited
time series of abundance and biomass estimates by which to understand stock history and
dynamics and to use in formulating credible managementitjganLength measurements on
individual crab were not recorded during the first survey in 2002 (Claire Armistead, NMFS
AFSC Kodiak Laboratory, 18 March 2013 email) and incompletely so in 2004 (250 of 321
captured GKC in successful tows; Hoff and BritO3), precluding necessary Tiérsexby-
sizeclass estimates for those surveys, and no EBS slope survey was conducted in 2006.
Moreover, how the mud- sweep roller gear used in the survey affects survey

selectivity by size or sex is unknown, as is how such s electivity compares

with that realized by the continental shelf survey gear, which does not use

mudsweep roller gear.

Determination of stock boundaries for assessmeritie boundaries of the PIGKC fishery are

defined by the boundaries of the Pribilof Dist of Registration Area Q and, within that area,

the fishery has occurred mostly in the Pribilof Canyon area to the south of the Pribilof Islands

(Figure 1). By contrast, the surveyed area extends north into the Northern District of
Registration Area@ nort h of 58A 396 N) and south into the
O (south of 54° 36' N). Though a large proportion of the GKC encountered in the slope

survey are caught in the Pribilof Canyon area, some GKC crab are captured sporadically

throudhout the surveyed area (Hoff and Britt 2003, 2005, 2009, 2011), and a Northern District

GKC fishery has been successfully prosecuted historically, mostly to the west of St. Matthew

Island in the area of the northemost extent of the slope survey, withpaak harvest of

A site was considered trawlabl e 0 wimetnansdctaed de pt h
there were no detectable obstacles in the trawl
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414,000 Ib in 1987 (Fitch et al. 2012). All of this serves to underscore the fact that the PIGKC
istocko is, |Iike some other fisheries stocks, an
on the reification of administrative boundesr rather than on biological reality. It is thus

inherently unclear how slopgurvey results should be used for its assessment

Biomass estimates and other results from the 2012, 2010, and 2008 surveys

Estimates of mature male biomass necessary forkiietsed Tierd assessment, along with
estimates of mature male abundance and legal male, total male and total female biomass and
abundance, were calculated by the author from 2012, 2010 and 2008-AIRSES EBS
slopesurvey data supplied by the NMH#S-SC Kodak Laboratory. All estimates were
calculated for both the full survey area (Table 3) and for the Pribilof Canyon subarea of the
survey region (Tabl e 4) as-saodomsample debign (Hofliir vey ds st
and Britt 2011). Surveyecorded ClLmeasurements of individual crab (Figure 4) were used to
delineate sedy-size classes and to model individual crab weights in class biomass
estimation. In a few instances (5 of 416 captured crab in 2008 and 1 of 427 in 2012) missing
CL measurements were jmted by averaging over recorded CL measurements within the
same haul and sex; sex had also to be imputed for the 1 unsized animal in the 2012 dataset. By
contrast, Hoff and Britt (2011, 2009, 2005, 2003) report only total (all sizes and both sexes
combinal) GKC abundance and biomass estimates based on hautatufal numbers and
weights (G.R. Hoff, NMFSAFSC Seattle, 13 Mar 2013 email) from the 2002, 2004, 2008 and
2010 slope surveys (Table 5). Some discrepancies between the comparable sets of estimates
are evident. So far as the author is aware, 2012 dapesy results have yet to be reported.
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Table 3: EBS slopsurvey estimates of golden king crab
abundance and biomass for the full survey region.

Abundance (1000s) and CV
year female male mature male legal male

2012 1,282 0.33 1,061 0.21 540 0.24 378 0.28
2010 1,743 0.26 1,083 0.14 508 0.16 348 0.17
2008 748 0.25 1,187 0.26 593 0.30 257 0.22
Biomass (1000 Ib) and CV

female male mature male legal male
2012 2,120 0.43 2,124 0.24 1,791 0.26 1,478 0.28
2010 2,812 0.33 2,042 0.15 1,692 0.17 1,384 0.18
2008 943 0.25 2,173 0.26 1,624 0.25 997 0.22

Table 4 EBS slopesurvey estimates of golden king crab
abundance and biomass for the Pribilof Canyon subarea.

Abundance (1000s) and CV
year female male mature male legal male

2012 592 053 360 042 174 0.32 113 0.36
2010 1,295 0.34 633 0.20 288 0.24 185 0.25
2008 395 043 908 0.34 403 0.43 167 0.29
Biomass (1000 Ib) and CV

female male mature male legal male
2012 866 054 701 0.34 565 0.32 456 0.34
2010 2,219 0.41 1,200 0.22 970 0.24 770 0.25
2008 340 0.54 1,546 0.36 1,080 0.36 648 0.29

Table 5: Hoff and Britt (2011, 2009, 2005, 2003) reported EBS slopey estimates
of total (all sizes and both sexes combined) golden king crab abundance and bion

Full survey region Pribilof Canyon subarea
year Abundancg1000s) Biomass (1000 Ib  Abundancg1000s) Biomass (1000 Ib
2012 NAT NAT NA NAT
2010 2,830 5,070 1,930 3,560
2008 1,860 3,150 1,300 2,030
2004 1,240 2,430 862 1,800
2002 1,800 2,230 1,300 1,500

#Not yet available.
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Appendix A3. EBS slope survey data on Pribilof Islands golden king erabdraft
Pribilof Island golden king crab stock structure templ@tem Pengilly September
2015report to Crab Plan Tegm

Discussion paper for September 2015 Crab Plan Team meeting:
Random effectsapproach to modeling NMFS EBS slope survewrea-swept biomass
estimates for Pribilof Islands golden king crah.

Douglas Pegilly

Alaska Department of Fish and Game, Kodiak, AK
Division of Commercial Fisheries

301 Research Ct.

Kodiak, AK 99615 USA

Phone: (907) 484865

Email: doug.pengilly@alaska.gov

Introduction .

The Pribilof Islands golden king crab stock has b#efined by the geographic borders of the
Pribilof District (Figure 1) and has been managed as a Tier 5 stock (i.e., no reliable estimates
of biomass and only historical catch data available) for determination of federal overfishing
limits and annual catchi mi t s (Pengilly 2014). Since 20
(CPT) and the Scientific and Statistical Committee (SSC) have expressed interest in utilizing
data collected during NMFS eastern Bering Sea (EBS) upper continental slope surveys (Hoff
2013)to establish an annual overfishing limit (OFL) and acceptable biological catch (ABC)

on the basis of biomass estimates as an alternative to the standard Tier 5 hesttical
approach (see: reports of the June 2011, June 2012, June 2013, and Octob86Q013
meetings; reports of the May 2013 and September 2013 CPT meetings). Reviews of the EBS
slope survey relative to the data collected on golden king crab, summaries of those data, and
areaswept biomass estimates (Pengilly 2012, Gaeuman 2013a, 2013b),4aapproach to
establishing OFL and ABC ( Gaeuman 2013b) ,
establishing OFL and ABC (Gaeuman 2018aye been presented to the CPT and SSC.
Cancellation of the EBS biennial slope survey scheduled for 2014 precludéchtigplof
Gaeumanodés (2013a) approach to establishment
CPT meeting; report of the June 2015 SSC meeting).

In May 2105 the CPT recommended thia preliminary Tier 4 assessment be brought to the
September 201®eeting using available slope survey data and applying a Kalman filter
approach (e.g., the program developed by Jim lanelli for groundfish stock assesdments)
(report of May 2015 CPT meet i ng)the CPTn June
recommendation that areliminary Tier 4 assessment be brought to the September 2015
meeting, using existing slope data and applying a Kalman filter apptoach r e por t of t
2015 SSC meeting). The SSC alaodisqguesst @t
what sto& delineation was chosen (what slope data were used) and the reason for that
delineation, 0 a n d Stdck SHtructur@ Template be completed for PIGKC( r epor t of
June 2015 SSC meeting).

This report provides: results of applying the program develdpedgroundfish stock
assessments to the slope survey -ameept biomass estimates of golden king crab; a
discussion of the stock delineation chosen (what slope data were used and why); and a Stock

44



Structure Template for Pribilof Islands golden king crappgendix C) that was prepared with
the guidance of Spencer et al. (2010).

This report does not provide a Tier 4 assessment, however (i.e., no OFLs or ABCs are
computed from the results of this exercise). Prior to computation of an OFL or ABC, the

authorwould like to review the biomass estimates with the CPT so that the CPT can evaluate
the results relative to the Tier 4 and Tier 5 criteria (i.e., Do the biomass estimates meet the

Areliabilityo criterion for r e moeetithe dierd he st
criterion of having sufficient information for simulation modeling that captures the essential
popul ati on dynamics of t he stock?). Addi t

application to this stock since 20has lost its clarity, mang it unclear if the requested
assessment was to be made according to Tier 4 as defined in the FMP, according to the
Amodi fied Tier 50 approach of Gaeuman (2014a
4 assessment. Dependent on the evaluatioesoits and after clarification of the assessment
approach, the computations of OFL and ABC can be performed with the results presented
here.

The NMES EBS slope survey

Only data from NMFS EBS slope trawl surveys performed in 2002 and later are used he
Although a pilot slope survey was also performed in 2000 and triennial surveys using a
variety of nets, methods, vessels, and sampling locations were performed duringy98479

(Hoff and Britt 2011), Hoff andenBwepos2DO0O( 2011)
surveys and those conducted from 191 remain confounded due to differences in
sampling gear, survey design, sampling methc

2002, the slope survey was nominally a biennial survey, biguneey was performed in

2006 and no survey has been performed since 2012. Details on the methods and survey gear
used in the 2002, 2004, 2008, 2010, and 2012 NMFS EBS slope surveys are provided in Hoff
and Britt (2003, 2005, 2009, 2011) and Hoff (2013)pextively. Those methods and the
applicability of the slope survey data to golden king crab abundance and biomass estimation
have also been summarized by Pengilly (2012) and Gaeuman (2013a,b).

Briefly, the survey samples from an area of 32,723 km ? in th e 200EL,200 m

depth zone. The surveyed area is divided into six subareas (Figure 1).

Each subarea is divided into strata defined by 200 m depth zones and tows

are performed at randomly -selected locations within each stratum, with

target sampling density within strata proportional to the area in each

subarea and stratum. Number of stations towed per survey ranged from 156

in 2002 to 231 in 2004; mean sampling density within strata ranged from

approximately one tow per 162 km 2 in 2004 to approximately one  tow per 255

kmi in 2002. With regard to survey catchability of golden king crab by size

and sex, the survey uses aopdning bpttofNtwawi e ast er

equipped with mud-sweeper roller gear and t he opinion of ASFC scientists was
conveyedtotheCPiur i ng the May meeting that  thewith r
catchability of the slop@et is less than 1.0 and probably considerably lower than the shelf

net due to the differences in the foope and surveyed habitat ( r e theoMay 20183PT

meeting).

Methods.
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Data available by surveyData on golden king crab that are available from the 2002, 2004,
2006, 2008, 20010, and 2012 NMFS EBS slope surveys are summarized in Table 1.

Al t hough the CPT and SSC bpoovidethe authag eithslapel t h at
survey CPUE data based on State statistical areas or other stratification instead of the entire
slope survey area because the entire survey extends beyond the Pribilof managendent area
(reports of the May 2015 CPT meeting andeJ@f15 SSC meeting), the author did not find

it necessary or useful for this exercise to receive the data stratified by State statistical area or

by any other stratification besides that defined by the survey design.

Data summarization: aresswept biomas estimates Areaswept estimates of total (male

and female, all sizes) biomass and variances of estimates within strata within survey subarea
for 2002, 2004, 2008, 2010, and 2012 were obtained directly from the tables presented in
Hoff and Britt (2003, 205, 2009, 2011) and Hoff (2013). For asweept biomass estimation

of mature males and legal males from the 2008, 2010, and 2012 survey data, 107 mm CL was
used as a proxy for size at maturity (Somerton and Otto 1986) and 124 mm CL was used as a
proxy for the 5.5 in carapace width (including spines) legal size (NPFMC 2007); weight of
males was estimated from the CL measured during the survey by weight (g) =
(0.000298%(CL)****> (NPFMC 2007). An areawept estimate of biomass and of the
variance of the lmmass estimate was computed for each stratum within a survey subarea and
summed over strata within the subarea to obtain-awegpt estimates of biomass within a
subarea and of the variance of that biomass estimate; estimates of the biomass and of
variance of estimates within subareas were summed over subareas to obtain estimates of
biomass in aggregates of subareas and of the variances of those estimates.

Model estimates of biomass and projections to 26I6h e program fAre. exeod
estimate biorass from the areswept estimates in surveyed years and to project biomass
estimates for unsurveyed years into 2016 via a-stzee random walk plus noise madel

The statespace random walk plus noise is formulated as a random effect.rbdalandom

eff ect s mod el considers t he process errors
underlying distribution) and integrated out of the likelihoddhe method was developed by

the NPFMC groundfish plan team's survey averaging working group as a smoothing
technique similar to the Kalman Filter, but which provides more flexibility with-hosar

processes and narormal error structures.

Stock delineation chosen (what slope data were usddhe author followed the guidance
provided by the SSC in June 2013p@# of the June 2013 SSC meeting):

fiBecause the stock structure is unknown, the SSC recommends that the
authors examine maps of catphr-unit-effort by survey year to identify
natural breaks in the spatial distribution of golden king crab alongstbpe.

If no obvious breaks exist, the SSC recommends that the authors bring
forward biomass estimates for the Pribilof canyon region and for the slope as
a whole. However, we note that the Pribilof Canyon stations do not
encompass the historical catcheghich occurred inside and to the north of
Pribilof Canyon. Therefore, the authors should consider a biomass estimate
for an area that encompasses the majority of historical cattches

2 The autlor acknowledges help from Martin Dorn, Jim lanelli, and Paul Spencer, AFSC, in getting this
paragraph completed.
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Figures 26 show CPUE (kg/kf of golden king crab (males and females, all sizes) by tow
and survey subarea during the 2002, 2004, 2008, 2010, and 2012 NMFS EBS slope surveys
relative to the boundaries of the Pribilof District. Highest survey CPUE occurs at tows within
survey subarea2 4 (particularly in subarea 2; i.e., Pribilof Canyon). Tows performed in the
portion of subarea 5 that lie within the Pribilof District have produced little or no catch of
golden king crab, indicating a gap in golden king crab distribution betweereauband the
portion of the surveyed area north of the Pribilof District boundary (i.e., the portion of
subarea 5 that is north of the Pribilof District boundary and all of subarea 6). Tows performed
in subarea 1 that are within the Pribilof District hgareduced little or no catch of golden

king crab, indicating a gap in distribution between Pribilof Canyon and the area east of the
Pribilof District within subarea 1. It appears that the areas of subareas 1 and 5 that lie within
the Pribilof District suppa limited densities of golden king crab. Subarea 3 appears to
support only lowto-moderate densities of golden king crab relative to subarea 4 and
especiallyi subarea 2; tows with catch of golden king crab occurred sporadically within
subarea 3, withighest densities occurring near the border of subarea 4 in 2010 and 2012 and
near the border of subarea 2 in 2002.

Figure 7 shows the distribution of all 6,104 pot lifts sampled by observers with locations
recorded during 1992014 Bering Sea golden Igncrab fisheries (including the Saint
Matthew section of the Northern District, which is north of the Pribilof District) relative to
the borders of the Pribilof District and of the survey subareas. Only one of those locations is
within the portion of suba&a 5 that is within the Pribilof District, none are within the portion

of subarea 1 that is within the Pribilof District, and none are within subarea 3.

Figure 8 shows the 26 statistical areas with reported catch during the20985Pribilof

District gdden king crab fisheries relative to the borders of the Pribilof District and of the
survey subareas: one (accounting for 0.7% of the T18BB} total catch) lies largely in
subarea 4, but extends into subarea 5; four (2.9% of the total catch) includmoiti
subarea 4; six (1.5% of total catch) include portions of subarea 3; one (8.9% of total catch)
includes portions of subareas 3 and 2; four (83.9% of total catch) are in or extend into subarea
2; one (0.7% of total catch) includes portions of suba2easd 1; one (<0.1% of total catch)

is largely within subarea 1; and eight (1.4% of total catch) are outside of the survey area
(some of those may be errors in recording of statistical area).

This review of survey distribution and fishery catch andrefiestribution shows that golden

king crab in the Bering Sea and the fishery for golden king crab in the Bering Sea are
concentrated in the Pribilof Canyon area (survey subarea 2). Nonetheless, golden king crab
do occur more sporadically and at lower d&es in survey subareas 3 and 4 and there has
been some limited catch and effort during Pribilof District fisheries within survey subareas 3
and 4. Portions of survey subareas 1 and 5 that lie within the Pribilof District appear to be
largely devoid of glben king crab, have produced little or no catch during the Pribilof
District fishery, and have received little or no fishery effort. The golden king crab that occur
in survey subarea 6 are exploited by the Saint Matthew section fishery when it is @msecut
Accordingly, the following analyses to estimate trends in the Pribilof District stock were
performed using survey data from only survey subareas 2, 3, and 4. Because of the high
concentration of fishery effort and fishery catch in Pribilof Canyon aedhigh CPUE of
golden king crab within Pribilof Canyon during the slope surveys, data summaries and
analyses were also performed using data only from survey Subarea 2.
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Results
Size frequency distributions of golden king crab captured within subar@®2d 4 during
the 2008, 2010, and 2012 NMFS EBS slope surveys are shown in Figliges 9

Areaswept biomass estimates by survey subarea, for the total surveyed area (pooled subareas
1i 6), and for pooled subareas42for 2002, 2004, 2008, 2010, and 2@it2 in Table 2.

Estimates and projections through 2016 of total, mature male, and legal male biomass in
survey subareas£2 and survey subarea 2 from the stgiace random walk plus noise model

are plotted in Figures 13 and 14, respectively. Morailget results produced by re.exe are
provided in Appendices A and B.
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Table 1. Data on golden king crab recorded during the 2002, 2004, 2008, 2010, and 2012
NMFS EBS slope surveys.

Weight Count
Survey intow intow Sex/CL/shell con/fem reprc  Individual weights

2002 YES YES NO NO
2004 YES YES NO NO
2008 YES YES YES 285 of 41¢
2010 YES YES YES NO
2012 YES YES YES 495 of 89

a. Golden king crab <100 mm CL were subsampled for data recording at one tow in subarea 4 during the
2012 survey.
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Table 2. Areaswept biomas§t) estimates of total (sexes combined), magired males, and
legal male golden king crab computed from 2002, 2004, 2008, 2010, and 2012
NMFS eastern Bering Sea slope survey data, by survey subarea, and with
coefficients of variation (CV = standard eraf estimate divided by the estimate).

Total Mature males Legal males
(males and females)  (males©107 mm CL) (malesO124 mm CL)
Survey YealSubarea Biomass () CV Biomass () CV Biomass (t) CV
2002 1 131 0.39 b b b b
2002 2 682 0.22 b b b b
2002 3 81 0.40 b b b b
2002 4 53 0.40 b b b b
2002 5 19 0.86 b b b b
2002 6 44 0.69 b b b b
2002 1t c 1,010 0.16 b b b b
2002 Hbn 816 0.19 b b b b
2004 1 65 0.22 b b b b
2004 2 817 0.38 b b b b
2004 3 51 0.41 b b b b
2004 4 121 0.36 b b b b
2004 5 20 0.73 b b b b
2004 6 24 0.73 b b b b
2004 1t c 1,098 0.29 b b b b
2004 Hbn 989 0.32 b b b b
2008 1 146 0.40 47 0.35 11 0.70
2008 2 920 0.32 490 0.36 294 0.29
2008 3 91 0.44 64 0.44 28 0.54
2008 4 205 0.46 85 0.53 78 0.52
2008 5 2 1.00 22 1.00 22 1.00
2008 6 66 0.50 30 0.63 19 0.61
2008 1t c 1,431 0.22 737 0.25 452 0.22
2008 Hbn 1,216 0.26 638 0.29 401 0.24
2010 1 363 0.20 168 0.20 145 0.23
2010 2 1,614 0.31 440 0.24 349 0.25
2010 3 89 0.63 79 0.72 71 0.75
2010 4 72 0.41 46 0.47 44 0.50
2010 5 37 0.45 10 0.76 7 1.00
2010 6 122 0.43 25 0.51 12 1.00
2010 1t c 2,298 0.22 768 0.17 628 0.18
2010 Hbn 1,776 0.29 565 0.22 464 0.23
2012 1 421 0.37 328 0.45 280 0.50
2012 2 778 0.45 256 0.32 207 0.34
2012 3 172 0.75 146 0.83 131 0.81
2012 4 494 0.69 26 0.48 8 1.00
2012 5 12 0.43 6 0.74 4 1.00
2012 6 149 0.40 49 0.33 40 0.38
2012 1t c 2,025 0.26 812 0.26 670 0.28
2012 Hbn 1,444 0.35 429 0.34 346 0.37
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Figure 6. 2012 slope survey tow locations (black circles) and golden king crab CPUE (kg/sq
km; white circles; largest circle = 2,000 kgfsip); squares are 1° longitude30'
latitude State statistical areas.
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