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Introduction . 

The Pribilof Islands golden king crab stock has been defined 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 catch limits (Pengilly 2014).  Since 2011, the Councilôs Crab Plan Team (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 historical-catch approach (see: reports of the 

June 2011, June 2012, June 2013, and October 2013 SSC 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 area-swept biomass estimates (Pengilly 2012, 

Gaeuman 2013a, 2013b), a Tier 4 approach to establishing OFL and ABC (Gaeuman 2013b), 

and ñmodified Tier 5ò approach to establishing OFL and ABC (Gaeuman 2013a) have been 

presented to the CPT and SSC.  Cancellation of the EBS biennial slope survey scheduled for 

2014 precluded application of Gaeumanôs (2013a) approach to establishment of OFL and ABC 

(see: report of the May 2015 CPT meeting; report of the June 2015 SSC meeting).  

 

In May 2105 the CPT recommended that, ña preliminary Tier 4 assessment be brought to the 

September 2015 meeting using available slope survey data and applying a Kalman filter 

approach (e.g., the program developed by Jim Ianelli for groundfish stock assessments)ò (report 

of May 2015 CPT meeting). In June 2015, the SSC supported ñthe CPT recommendation that a 

preliminary Tier 4 assessment be brought to the September 2015 meeting, using existing slope 

data and applying a Kalman filter approachò (report of the June 2015 SSC meeting).  The SSC 

also requested that the assessment include ña discussion é of what stock delineation was chosen 

(what slope data were used) and the reason for that delineation,ò and that ña Stock Structure 

Template be completed for PI GKCò (report of the June 2015 SSC meeting). 

 

This report provides: results of applying the program developed for groundfish stock assessments 

to the slope survey area-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 (Appendix C) that was prepared with the guidance of Spencer 

et al. (2010).  
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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 author would 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 ñreliabilityò criterion for 

removing the stock from Tier 5? Do the results meet the Tier 4 criterion of having sufficient 

information for simulation modeling that captures the essential population dynamics of the 

stock?).  Additionally, the term ñTier 4 assessmentò in application to this stock since 2013 has 

lost its clarity, making it unclear if the requested assessment was to be made according to Tier 4 

as defined in the FMP, according to the ñmodified Tier 5ò approach of Gaeuman (2014a), or 

according to some modification to a Tier 4 assessment.  Dependent on the evaluation of results 

and after clarification of the assessment approach, the computations of OFL and ABC can be 

performed with the results presented here.  

 

The NMFS EBS slope 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 during 1979ï1991 (Hoff and 

Britt 2011), Hoff and Britt (2011) noted that, ñComparisons between the post-2000 surveys and 

those conducted from 1979ï1991 remain confounded due to differences in sampling gear, survey 

design, sampling methodology, and species identification.ò Starting in 2002, the slope survey 

was nominally a biennial survey, but no survey 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), respectively. 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
2
 in the 200ï1,200 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 km
2
 in 2002. With regard to survey catchability of golden king 

crab by size and sex, the survey uses a Poly Norôeastern high-opening bottom trawl equipped 

with mud-sweeper roller gear and the opinion of ASFC scientists was conveyed to the CPT 

during the May meeting that, with respect to golden king crab, ñé the catchability of the slope 

net is less than 1.0 and probably considerably lower than the shelf net due to the differences in 

the foot rope and surveyed habitatò (report of the May 2013 CPT meeting).   

 

Methods. 

Data available by survey. Data 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.   
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Although the CPT and SSC both suggested that NMFS would ñprovide the author with slope 

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 management areaò 

(reports of the May 2015 CPT meeting and June 2015 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: area-swept biomass estimates.  Area-swept 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, 2005, 2009, 2011) and Hoff (2013).  For area-swept 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) = (0.0002988)x(CL)
3.135

 

(NPFMC 2007). An area-swept estimate of biomass and of the variance of the biomass estimate 

was computed for each stratum within a survey subarea and summed over strata within the 

subarea to obtain area-swept estimates of biomass within a subarea and of the variance of that 

biomass estimate; estimates of the biomass and of variances 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 2016.
1
 The program ñre.exeò was used to 

estimate biomass from the area-swept estimates in surveyed years and to project biomass 

estimates for unsurveyed years into 2016 via a state-space random walk plus noise model. The 

state-space random walk plus noise is formulated as a random effect model. The random effects 

model considers the process errors as ñrandom effectsò (i.e., drawn from an underlying 

distribution) and integrated out of the likelihood.  The 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 non-linear processes and non-normal 

error structures. 

 

Stock delineation chosen (what slope data were used). The author followed the guidance 

provided by the SSC in June 2013 (report of the June 2013 SSC meeting): 

 

ñBecause the stock structure is unknown, the SSC recommends that the authors 

examine maps of catch-per-unit-effort by survey year to identify natural breaks in 

the spatial distribution 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 stations 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 catches.ò 

                                                 
1
 The author acknowledges help from Martin Dorn, Jim Ianelli, and Paul Spencer, AFSC, in getting this paragraph 

completed. 



4 

 

 

Figures 2ï6 show CPUE (kg/km
2
) 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 

subareas 2ï4 (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 between subarea 4 and 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 have produced 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 support limited 

densities of golden king crab. Subarea 3 appears to support only low-to-moderate densities of 

golden king crab relative to subarea 4 and ï especially ï subarea 2; tows with catch of golden 

king crab occurred sporadically within subarea 3, with highest 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 1992ï2014 Bering Sea golden king crab 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 subarea 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 the 1985ï2014 Pribilof District 

golden king crab fisheries relative to the borders of the Pribilof District and of the survey 

subareas: one (accounting for 0.7% of the 1985ï2014 total catch) lies largely in subarea 4, but 

extends into subarea 5; four (2.9% of the total catch) include portions of 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 subareas 2 and 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 and effort distribution 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 densities 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 golden king crab, have produced little or no catch during the Pribilof District fishy, 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 prosecuted. 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 and the high CPUE of golden king crab within Pribilof Canyon during 
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the slope surveys, data summaries and analyses were also performed using data only from survey 

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 Figures 9ï12.  

 

Area-swept biomass estimates by survey subarea, for the total surveyed area (pooled subareas 1ï

6), and for pooled subareas 2ï4 for 2002, 2004, 2008, 2010, and 2012 are in Table 2.   

 

Estimates and projections through 2016 of total, mature male, and legal male biomass in survey 

subareas 2-4 and survey subarea 2 from the state-space random walk plus noise model are 

plotted in Figures 13 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. 

 

 

Survey 

Weight  

in tow 

Count 

in tow 

 

Sex/CL/shell con/fem repro 

 

Individual weights 

2002 YES YES NO NO 

2004 YES YES NO NO 

2008 YES YES YES 285 of 416 measôd 

2010 YES YES YES NO 

2012 YES YES YES
a
 495 of 899 measôd 

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. Area-swept biomass (t) estimates of total (sexes combined), mature-sized 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 the estimate). 

  

(males Ó 124 mm CL)

Survey YearSubarea Biomass  (t) CV Biomass  (t) CV Biomass  (t) CV

2002 1 131 0.39 ҍ ҍ ҍ ҍ

2002 2 682 0.22 ҍ ҍ ҍ ҍ

2002 3 81 0.40 ҍ ҍ ҍ ҍ

2002 4 53 0.40 ҍ ҍ ҍ ҍ

2002 5 19 0.86 ҍ ҍ ҍ ҍ

2002 6 44 0.69 ҍ ҍ ҍ ҍ

2002 1ҍс 1,010 0.16 ҍ ҍ ҍ ҍ

2002 нҍп 816 0.19 ҍ ҍ ҍ ҍ

2004 1 65 0.22 ҍ ҍ ҍ ҍ

2004 2 817 0.38 ҍ ҍ ҍ ҍ

2004 3 51 0.41 ҍ ҍ ҍ ҍ

2004 4 121 0.36 ҍ ҍ ҍ ҍ

2004 5 20 0.73 ҍ ҍ ҍ ҍ

2004 6 24 0.73 ҍ ҍ ҍ ҍ

2004 1ҍс 1,098 0.29 ҍ ҍ ҍ ҍ

2004 нҍп 989 0.32 ҍ ҍ ҍ ҍ

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 1ҍс 1,431 0.22 737 0.25 452 0.22

2008 нҍп 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 1ҍс 2,298 0.22 768 0.17 628 0.18

2010 нҍп 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 1ҍс 2,025 0.26 812 0.26 670 0.28

2012 нҍп 1,444 0.35 429 0.34 346 0.37

Total

(males and females)

Mature males

(males Ó 107 mm CL)

Legal males
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Figure 1. Pribilof District boundaries, slope survey subareas, and 2002ï2012 slope survey tow 

locations; squares are 1° longitude x 30' latitude State statistical areas. 
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Figure 2. 2002 slope survey tow locations (black circles) and golden king crab CPUE (kg/sq-km; 

white circles; largest circle = 510 kg/sq-km); squares are 1° longitude x 30' latitude 

State statistical areas. 

  

Subarea 6
(Navarin and Perenets Canyons)

Subarea 5

PRIBILOF DISTRICT

Subarea 4
(Zhemchug Canyon)

Subarea 1
(Bering Canyon)

Subarea 3

Subarea 2
(Pribilof Canyon)



11 

 

 

Figure 3. 2004 slope survey tow locations (black circles) and golden king crab CPUE (kg/sq-km; 

white circles; largest circle = 2,300 kg/sq-km); squares are 1° longitude x 30' latitude 

State statistical areas. 
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Figure 4. 2008 slope survey tow locations (black circles) and golden king crab CPUE (kg/sq-km; 

white circles; largest circle = 1,700 kg/sq-km); squares are 1° longitude x 30' latitude 

State statistical areas. 
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Figure 5. 2010 slope survey tow locations (black circles) and golden king crab CPUE (kg/sq-km; 

white circles; largest circle = 2,700 kg/sq-km); squares are 1° longitude x 30' latitude 

State statistical areas. 
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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 kg/sq-km); squares are 1° longitude x 30' latitude 

State statistical areas. 
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Figure 7. Locations of all pots sampled by observers during Bering Sea golden king crab 

fisheries (n = 6,104), 1992ï2014; pots north of the Pribilof District northern boundary 

were fished during the Northern District ï Saint Matthew Island Section fishery; squares 

are 1° longitude x 30' latitude State statistical areas. 
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Figure 8.  Statistical areas with reported catch during the 1985ï2014 Pribilof District golden king 

crab fisheries: filled red squares denote statistical areas with reported catch; size of 

overlain white circles are proportional to the percentage of the total 1985ï2014  catch 

reported from statistical area (biggest circle = 68% of total); squares are 1° longitude x 

30' latitude State statistical areas. 

  


