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Introduction .

The PribilofIslands golden king crab stotias been defined by the geographic borders of the
Pribilof District (Figure 1) and has beemanaged as a Tier 5 stofile., no reliable estiaes of
biomass and only historical catch data availafile) determination of federal overfishing limits
andannual catch limits (Pengilly 2014Since 2011,hteCounc i | 6 sTeadhrC®D an® | a n
the Scientific and Statistical Committeé®30 have expressed interastutilizing data collected

during NMFS eastern Bering Sea (EBS) upper continental slope surveys (Hoff 2013) to establish
an annual overfishing limi§FL) andacceptal#@ biological catchABC) on the basis of biomass
estimates as an alternative to the standard Tier 5 histodtail approach (seeeports of the

June 2011June 2012, June 2013, a@dtober 2015 SCmeetings; reports of the May 2013 and
September 2018PT meeting$. Reviews of the EBS slope survey relative to the data collected
on golden king cralsummaries of those dai@nd aresswept biomass estimatéengilly 2012,
Gaeuman 2013a, 2013k9 Tier 4approach to establishing OFL and ABGaeuman 2013,

and Amodi fapwmahch Toiestablishing OFL and ARGaeuman2013) have been
presented to the CPT and SSCancellation of the EBS biennial slope survey scheduled for
2014 precluded appl iaapproachro estdblisignant of DBENd ABC ( 201 3
(see: report of the May 2015 CPT meeting; report of the June 2015 SSC meeting)

In May 2105the CPT recommended thd preliminary Tier 4 assessment be brought to the
September 2015 meeting using available slope survey data and applys@iman filter

approach (e.g., the program developed by Jim lanelli for groundfish stock assessmefits) e p o r t
of May 2015 CPT meeti ng) . thenCPDracoremeratiansthatat h e S
preliminary Tier 4 assessment be brought to the Septetlddr meeting, using existing slope

data and applying a Kalman filter approatch ( r eport of the June 2015
al so requested t haa dihsec uassssiecsns mée naf iwhcd tu dset dic |
(what slope data were used) atite reason for that deleation, @ n d & Btack Striicture
Template be completed for PIGEKC (report of the June 2015 SSC

This report provides: results of applying the program developed for grousthidhassessments

to the slopesurvey are-swept biomass estimates of golden king crab; a discussion of the stock
delineation chosen (what slope data were used and why); and a Stock Structure Template for
Pribilof Islands golden king crab (Appendd) that was prepared with the guidance of Spence

et al. (2010).



This report does not provide a Tier 4 assessnmentever(i.e., no OFLs or ABCs are computed

from the results of this exerciselprior to computation of an OFL or ABC, thathor would like

to review the biomass estimates with the CPT so that the CPT can eva uate the results relative to

the Tier 4 and Tier 5 criteria (i.e., Do t he
removng the stock from Tier 5? Do the results meetetfier 4 criterion of having sufficient
information for simulation modeling that captures the essential population dynamics of the

stock?). Additionally, the term ATIi erhas4 asse
lost its clarity, making iunclear if the requested assessment was to be made according to Tier 4
as defined in the FMP, according to the f@Amod

according tasome modification t@ Tier 4 assessmentDependent on the evaluation of results
and dter clarification of the assessment appraattte computationsof OFL and ABC can be
performed with the results presented here.

The NMFES EBS d$ope survey

Only data from NMFS EBS slope trawl surveys performed in 2002 and later are used here.
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 duririgl99T qHoff and

Britt 2011), Hoff and Britt (he@#2000sunveys@and t hat
those conducted from 1978991 remain confounded due to differences in sampling gear, survey
desi gn, sampling methodol ogy, and species i de
was nominally a biennial survey, but no seywvas performed in 2006 and sorvey has been
performed since 201Details on the mthodsand survey gear used in tR802, 2004, 2008,

2010, and 2012 NMFS EBS slope surveys mmavidedin Hoff and Britt 003, 2005, 2009,

2011) and Hoff (2013), respéeely. Those methods and the applicability of the slope survey

data to golden king crab abundance and biomass estimation have also been summarized by
Pengilly (202) and Gauman (20Ba,b).

Briefly, the survey samples from an area of 32,723 knthe 2@®i 1,200 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 raneketdgted locations within each
stratum, with target sampling density withstrata proportional to the area in each subarea and
stratum. Number of stations toweper surveyangeal from 156 in 2002 to 231 in 2004; mean
sampling density within strata ranged from approximately one tow per 162nk&004 to
approximately one tow per 255 kim 2002. With regard to survey catchability of golden king
crab by size and sex, t h e -openimg\wettpm trawl equippad Po |l y
with mudsweeper roller gear antie opinion of ASFC scieists was conveyed to the CPT
during the May meeting t hat ,theeaichalility ofdhe plapet t o
net is less than 1.0 and probably considerably lower than the shelf net due to the differences in
the footrope and surveyed hahidareport ofthe May 2013CPT meeting).

Methods.
Data available by surveypata on golden king crab that are availdgbden the 2002, 2004, 2006,
2008, 20010, and 2012 NMFS EBS slope sunagssummarized in Table 1.



Although the CPT and SSC bhothg ge st ed t h a provileMtkeSuthwowith sloperi
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 managentent area
(reports of theMay 2015 CPT meeting and June 2015 SSC meeting), the author did not find it
necessary or useftibr this exercise to receivthe data stratified by State statistical area or by
any other stratification besides that defined by the survey design.

Data sunmmarization areaswept biomass estined Areaswept estimates obtal (male and
female all size$ biomassand variances of estimates within strata within survey subarea for
2002, 2004, 2008, 2010, and 2042re obtained directly frorthe tables presented khoff and

Britt (2003, 2005, 2009, 2011) and Hoff (2013For areaswept homassestimationof mature
males and legal nhes from the 2008, 2010, and 2012 survey da@/ mm CLwas useds a
proxy for size at maturitySomerton an@tto 1986 and 124 mm Clwas useds a proxy for the

5.5 in carapace width (including spines) legal sikFPEMC 2007; weight of males was
estimatedfrom the CL measured during the survdgy weight (g) = ©.000298%x(CL)3**°
(NPEMC 2007. An areaswept eBmate of biomass and of the variance of the biomass estimate
was computed for each stratuwithin a survey subareand summed over strata withthe
subarea to obtain arsavept estimates of biomass within a subarea and of the variance of that
biomass e#nate; estimates of the biomaasd of variances of estimatesthin 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 26IBhe programfire.ex® wuwsed to

estimate biomass from the ar®aept estimates in surveyed years and to project biomass
estimates for unsurveyed years into 2016 a statespace random walk plus noise madihe

statespace random walk plus noise ismalated as a random effect madéhe random effects

mod el considers t he process errors as Arand
distribution) and integrated out of the likelihoo@he method was developed by the NPFMC
groundfish plan team's stey averaging working group as a smoothing technique similar to the
Kalman Filter, but which provides more flexibility with ndinear processes and noormal

error structures.

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

fiBecause the stock structure is unknown, the SSC recommends that the authors
examine maps of catgher-unit-effort by survey year to identify natural breaks in

the spatialdistribution of golden king crab along the slope. 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 statias do not encompass the historical catches, which
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 catche®

! The author acknowledges help from Martin Dorn, Jim lanelli, and Paul Spencer, AFSC, in getting this paragraph
completed.



Figures 26 show CPUHkg/kn?) 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 ocautsws within survey
subarea 2 4 (particularly in subarea 2; i.€yibilof 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 between =abdr and the portion dhe
surveyed area north of the Pribilof District boundary (i.e., the portisnledrea 5 that is north of

the Pribilof District boundary anall of subarea 6 Tows performed in subarea 1 that are within
the Pribilof District haveproduced 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 Risppmt limited
densities ofgolden king crab. Subarea 3 appears to supportlonijto-moderate densities of
golden king crab relative to subaréaandi especiallyi subarea 2; tows with catch of golden
king crab occurred sporadically within subareawdth highest densitieoccurring near the
borderof subarea 4n 2010 and 2012 and near the border of subarea 2 in 2002

Figure 7 show the distribution of all6,104 pot lifts sampled by observers with locations
recordedduring 19922014 Bering Sea goldédng crab fisheries (including the Saint Matthew
section of the NortherniBtrict, which isnorth of the Pribilof Districtyelative to the borders of
the Pribilof District and of the survey subare@aly one of thosdocationsis within the portion

of subareab 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 8shows the 26tatistical areas with reported catch during the 12834 Pribilof District
golden king crab fisheriegelative to the borders of the Pribilof District and of the survey
subareasone (accounting for 0.7% of the 198014 total catch) lies largely in subarea 4, but
extends into subarea 5; fo{#.9% of the total catch) include pmns of sibarea 4; siX1.5% of

total catch) include portions of subai&ane (8.9% of total catch) includes portions of subareas
3 and 2; four (83.9% of total catch) are inextend ito subarea 2pne (0.7% of total catch)
includes portions of subaas 2 and 1; one (<0.1% of total catch) is largely within subarea 1; and
eight (1.4% of total catch) areutside ofthe survey areasome of those may be errors in
recording ofstatistical area).

This review of survey distribution and fishery catch anifog distribution shows that golden
king crab in the Bering Sea and the fishery for golden king crab in the Beringar8ea
concentrated in the Pribilof Canyon area (survey subarea 2). Nonetheless, golderalkohy
occur more sporadically and at lowesrngities in survey subareas 3 and 4 and there has been
somelimited 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 Distgpear to be largely
devoid ofgolden king craphave produced little or nmatchduring the Pribilof District fishyand

have received little or no fisheeffort. The golden king cratihat occur in survey subarea 6 are
exploited by the Saint Matthew section fishery when it is prosecAtzbrdingly, thefollowing
analysego estimate trends in the Pribilof District stogkre performed usingurveydata from

only survey sibareas 2, 3and 4. Because of thegh concentration of fishery effort and fishery
catch in Pribilof Canyon and the high CPUE of golden king crab nvimibilof Canyonduring



the slope surveys, data summaries and analyses were also performed using data onlydyom sur
Subarea 2.

Results
Size frequency distributions of golden king crab captured within subareas 2, 3, and 4 during the
2008, 2010, and 2012 NMFS EBS slope surveys are shown in Figu2s 9

Areasweptbiomassestimatedy survey subarea, for the toslrveyed area (pooled subareas 1
6), and for pooled subareasd2for 2002, 2004, 2008, 2010, and 2@t2 in Table 2.

Estimates and projectiortsrough 2016of total, mature male, and legal male biomass in survey
subareas -2 and survey subarea flom the statespace random walk plus noise modeé
plotted in Figured3 and 14, respectively. More detailed 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? 4950f8 99 me

a. Golden king crab <100 mm CL were subsampled for data recording at one tow in subarea 4 during the
2012 survey.



Table 2. Areaswept biomass (t) estimates of totalx@secombined), matursized 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 error of estimate divided by stereate).

Total Mature males Legal males
(males and females)  (males©O107 mm CL) (males©124 mm CL)
Survey YealSubarea Biomass (t) CV Biomass () CV Biomass (t) CcVv
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 ¢ 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 1k 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 ¢ 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 ¢ 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 1.Pribilof District boundaries, slope survey subareas, andiZ2I2 slope survey tow
locations squares are 1° longitude30' latitude State statistical areas
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Figure 2. 2002 slope survegw locationgblack circleslandgolden king cralCPUE (kg/sekm,

white circles largest circle = 510 kg/skm); squares are 1° longitude30' latitude
State statistical areas
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Figure 3. 2004 slope survegw locations (black circles) argblden king crab CPUE (kg/dagn;
white circles; largest circle = 2,300 kg/daqn); squares are 1° longitude30' latitude
State statistical areas
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Figure 4. 2008 slope surveyw locations (black circles) argblden king cralCPUE (kg/sekm;

white circles; argest circle = 1,700 kg/dgn); squares are 1° longitude30' latitude
State statistical areas
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Figure 5. 2010 slope survegw locations (black circles) argblden king crab CPUE (kg/dgn;

white circles; argest circle = 2,700 kg/dqn); squares are 1° longitude30' latitude
State statistical areas
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Figure 6. 2012 slope surveyw locations (black circles) argblden king crab CPUE (kg/dgn;
white circles; argest circle = 2,000 kg/dgn); squares are 1° longitude30' latitude
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Figure 7. Locabns of d pots sampled bybserves during Bering Seagolden king crab
fisheries(n = 6,104), 1992 2014 pots north of the Pribilof District northern boundary
were fished during the Northern DistrictSaint Matthew Island Section fisheigquares
are 1° longitudex 30' latitude State statistical areas
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Figure 8. Statistical areas with reported catch during theil 2833 Pribilof District golden king
crab fisheriesfilled red squares denote statistical areas with reported catchofsize
overlain white circles are proportional to the percentage of the total 2085 catch
reported from statistical areaiggest circle = 68% of totglsquares are 1° longitucte
30’ latitude State statistical areas
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