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Executive Summary

1. Stock. Red king crab, Paralithodes camtschaticus, in Norton Sound, Alaska.

1. Catches. This stock supports three main fisheries: summer commercial, winter commercial,
and winter subsistence fisheries. Of those, the summer commercial fishery accounts for
more than 90% of total harvest. The summer commercial fishery retained catch reached a
peak in the late 1970s at a little over 2.9 million pounds. Since 1982, retained catches have
been below 0.5 million pounds, averaging 275,000 pounds, including several low years in
the 1990s. Retained catches in the past two years have been about 400,000 pounds.

2. Stock Biomass. Mature male biomass (MMB) is estimated to be on an upward trend
following a recent low in 1997, and an historic low in 1982 following a crash from the peak
in 1977. Uncertainty in biomass is driven in part by infrequent trawl surveys (every 3 to 5
years) and limited area of the winter pot survey.

3. Recruitment. Model estimated recruitment was weak during the late 1970s and high during
the early 1980s with a slight downward trend from 1983 to 1993. Estimated recruitment has

been highly variable but on an increasing trend in recent years.

4. Management performance.

Status and catch specifications (million [bs.)

Biomass Retained  Total
Year MSST (MMB) GHL Catch cateh  OFL ABC
2008/09  1.78% 5.24 0.41 0.39 0.43 0.68%
2009/10  1.54° 5.83 0.38 0.40 0.43 0.718
2010/11  1.56° 5.44 0.40 0.42 0.46 0.73¢
2011/12  1.56° 4.70 0.36 0.40 0.43 0.66° 0.59
2012/13  1.78F 4.59 TBD TBD TBD 0.53% 0.48

Draft - Norton Sound Red King Crab Stock Assessment —May 11, 2012 1



Status and catch specifications (1000t)

Biomass Retained Total ABC
Year MSST (MMB) GHL Catch Catch OFL
2008/09  0.81* 2.38 0.19 0.18 0.21 0.314
2009/10  0.70® 2.64 0.17 0.18 0.22 0.328
2010/11  0.71°€ 2.47 0.18 0.19 0.22 0.33€
2011/12 0.71° 2.13 0.16 0.18 0.20 0.30° 0.27
2012/13  0.80% 2.08 TBD TBD TBD  0.24% 0.22

Notes:

MSST was calculated as Bygy/2

A-Calculated from the assessment reviewed by the Crab Plan Team in May 2008
B-Calculated from the assessment reviewed by the Crab Plan Team in May 2009
C-Calculated from the assessment reviewed by the Crab Plan Team in May 2010
D-Calculated from the assessment reviewed by the Crab Plan Team in May 2011
E-Calculated from the assessment reviewed by the Crab Plan Team in May 2012

Biomass in millions of pounds

. Current B/Bmsy Yeafs to Natu rgl 1-

Year Tier Busy MMB  (MMB) ForL define Mortality Buffer ABC
Bmsy (M)

2008/09 4a 3.57 5.24 1.5 0.18  1983-2008 0.18

2009/10 4a 3.07 5.83 1.9 0.18 1983-2009 0.18

2010/11 4a 3.12 5.44 1.7 0.18 1983-2010 0.18

2011/12  4a 2.97 4.70 1.6 0.18 1983-2011 0.18 0.9 0.59

2012/13  4a 3.51 4.25 1.2 0.18 1980-2012 0.18 0.9 0.48

Biomass in 1000t
Years to Natural

Year Tier Busy Cl\ljll;\;legt Fl\ﬁﬁ\'/l\"% ForL define Mortality Bulffer ABC
Bmsy (M)

2008/09  4a 1.62 2.38 1.5 0.18 1983-2008 0.18

2009/10 4a 1.39 2.64 1.9 0.18 1983-2009 0.18

2010/11 4a 1.42 2.47 1.7 0.18 1983-2010 0.18

2011/12  4a 1.35 2.18 1.6 0.18 1983-2011 0.18 0.9 0.27

2012/13 4a 1.59 1.93 1.2 0.18 1980-2012 0.18 0.9 0.22
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7. Probability Density Function of the OFL

90% OFL \

sigma-b ——>:I
P*=40 = «= QOFL +sigma-b

OFL

&. The basis for the ABC recommendation

For Tier 4 stocks, the default maximum ABC is OFL P*=49. However, P*=49 is essentially
identical to the OFL. Accounting for uncertainties in assessment and model results, the NPFMC
chose to use 90% OFL (10% Buffer) for the Norton Sound red king crab stock in 2011, partially
because of uncertainties in model prediction.

For 2012 analyses, we chose 90% OFL (10% Buffer) which was 0.48 million Ib because of
remained uncertainties in the model. We also examined P*=49, and P*=40 for both with and
without sigma-b (0.4). The 90% OFL was similar to P*=40 with sigma-b.

9. A summary of the results of any rebuilding analyses.
N/A

A. Summary of Major Changes in 2012

1. Changes to the management of the fishery:
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In March 2012, the board of fish adopted a revised GHL: (1) 0% harvest rate of legal crab
when estimated legal biomass < 1.25 million lbs; (2) < 7% of legal male abundance when
the estimated legal biomass falls within the range 1.25-2.0 million Ibs; (3) < 13% of legal
male abundance when the estimated legal biomass falls within the range 2.0-3.0 million
Ibs; and (3) < 15% of legal male when estimated legal biomass >3.0 million Ibs.

2. Changes to the input data

a. Data update: the 2011/12 winter pot survey, 2011 summer commercial fishery,
2011 summer trawl survey, 2010/2011 winter commercial and subsistence catch
finalized, and 2011/2012 winter commercial and subsistence catch (projected from
available data up to date)

b. Data revision: 1976-2011 trawl survey abundance were revised and source of the
numbers were documented (Table 3)

c. New Data: None

3. Changes to the assessment methodology: Following model modification were evaluated

a. See Appendix A for model modification.

4. Changes to the assessment results.

B. Response to SSC and CPT Comments

CPT Review May 10-14, 2011
The team had the following comments:

1. The OFL for Norton Sound red king crab should take account of all three fisheries and their
selectivity patterns rather than assuming that the catch is taken entirely from the legal crab
biomass.

Author response:

Two OFLs are estimated: retained OFL and total male OFL. Retained OFL is derived from proxy
Fmsy and legal male abundance. Total male OFL is the sum of retained OFL and estimated
discarded catch based on the proxy Fmsy, bycatch selectivity from the summe fishery and
sublegal male abundance. The retained catches from all three fisheries are combined when
comparing the actual catch to the retained OFL. Since bycatch data are not collected from any of
the three fisheries, no comparison can be made on the total male OFL. The estimated selectivity
for the summer commercial fishery is 1 for legal males. We does not use the bycatch selectivities
from the subsistence and winter fisheries to estimate bycatch OFL due to extremely small catch
from them and no data to estimate bycatch selectivities.

2. Table 10 should be clarified regarding the definitions of parameters and which are log-
transformed and which are not (e.g. SST1 and SST2). These two parameters appear inestimable
(very large standard errors), this needs to be addressed further.

Author response:
Table 11 has parameter estimates that were revised to incorporate the CPT requests.
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3. The author indicated he used the MCMC to estimate the pdf for OFL. The mean of this OFL
distribution is higher than the point estimate of the OFL from the assessment. The team
expressed concern that the posterior was not smooth, which suggests some MCMC convergence
issues. However the team noted this OFL is more conservative as it is based on the retained legal
proportion.

Author response:
OFL pdf was calculated based on CPT direction on Jan 10" 2012.

SSC Review on June 6-8, 2011

The SSC noted that the 2010 NMFS survey used a 20x20 nmi’ grid rather than the 10x10 nmi’
used in all other surveys. The SSC requests that the author examines the potential impact of this
shift in grid size on the 2010 abundance estimate.

Author response:
The model likelihood calculation includes CV of the survey estimates (see Appendix A), so that impacts
of the survey shifts are already included.

The SSC did not accept this ad-hoc adjustment for the retrospective pattern, because opinions
differ within the scientific community on whether correcting for retrospective bias is appropriate
and if a correction is applied, what methods should be used. Clearly there is a need to develop
guidance on when and how assessment authors should account for retrospective bias in
assessment models. Instead the authors should look for the cause of the retrospective pattern,
which may be due to time variation in certain population parameters (e.g., natural mortality,
selectivity)

Author response:
In this assessment, we examined effects of natural mortality (M), natural mortality of crab size 6 (ms6),
weight of commercial efforts (lamc), and sample weight (maxss).

The SSC recognizes that under the Council’s recommended P* of 0.49 and no adjustment to max
ABC

for the term sigma-b for other sources of uncertainty, that the maximum permissible ABC (0.65
million

lbs.) would be nearly identical to the OFL (0.66 million lbs.). We caution that this estimate does
not

reflect the scientific uncertainty in model parameterization evidenced by the strong retrospective
pattern or the issues regarding natural mortality for large crabs. This assessment is an example
where the SSC would have preferred to incorporate a sigma-b adjustment to quantify
additional uncertainty or apply a buffer between ABC and OFL. To avoid this situation in the
future, the SSC requests that the authors include estimates of ABC under different levels of
sigma-b or using buffers for data poor stocks (e.g.,10% as for Tier 5 under the Crab FMP or
25% under Tiers 5 and 6 for groundfish) to better justify the rational for selecting an ABC
below the maximum.

Author response:
In this report, we chose sigma-w = 0.2 (based on survey) and sigma-b = 0.4 (based on NPFMC/NMFS
2010) were selected. For evaluation of ABC, we presented: P*=49, P*= 40, 10% buffer, 25% buffer.
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C. Introduction

1. Species: red king crab (Paralithodes camtschaticus) in Norton Sound, Alaska.

2. General Distribution: Norton Sound red king crab is one of the northernmost red king crab
populations that can support a commercial fishery (Powell et al. 1983). It is distributed
throughout Norton Sound with a westward limit of 167-168° W. longitude with depths less
than 30 m and summer bottom temperatures above 4°C. The Norton Sound red king crab
management area consists of two units: Norton Sound Section (Q3) and Kotzebue Section
(Q4) (Menard et al. 2011). The Norton Sound Section (Q3) consists of all waters in
Registration Area Q north of the latitude of Cape Romanzof, east of the International
Dateline, and south of 66°N latitude (Figure 1). The Kotzebue Section (Q4) lies immediately
north of the Norton Sound Section and includes Kotzebue Sound. Commercial fisheries have
not occurred regularly in the Kotzebue Section. Our report deals with the Norton Sound
Section of the Norton Sound red king crab management area.

3. Evidence of stock structure: Thus far, no studies have been made on possible stock
separation within the putative stock known as Norton Sound red king crab.

4. Life history characteristics relevant to management: One of the unique life-history traits of
Norton Sound red king crab is that they spend their entire lives in shallow water since Norton
Sound is generally less than 40 m in depth. Distribution and migration patterns of Norton
Sound red king crab have not been well studied. Based on the 1976-2006 trawl surveys, red
king crab in Norton Sound are found in areas with a mean depth range of 19 + 6 (SD) m and
bottom temperatures of 7.4 + 2.5 (SD) °C during the summer. Norton Sound red king crab
are consistently abundant offshore of Nome.

Red king crab migrate between deeper offshore waters during molting/feeding and inshore
shallow waters during the mating period. Timing of the inshore mating migration is
unknown. They are assumed to mate during March-June. Offshore migration is considered
to begin in May-July. Trawl surveys during 1976-2010 show that crab distribution is
dynamic. Recent surveys show high abundance on the southeast side of the Sound, offshore
of Stebbins and Saint Michael.

5. Brief management history: Norton Sound red king crab fisheries consist of commercial and
subsistence fisheries. The commercial red king crab fishery started in 1977 and occurs in
summer (June — August) and in winter (December — May) (Menard et al. 2008). The
majority of red king crab are harvested by the summer commercial fisheries, whereas the
majority of the winter harvest is in the subsistence fishery occurring near the coast (Table 2).

Summer Commercial Fishery

Summer commercial crab fishery started in 1977. A large-vessel summer commercial crab
fishery existed in the Norton Sound Section from 1977 through 1990. No summer
commercial fishery occurred in 1991 because there was no staff to manage the fishery. In
March 1993, the Alaska Board of Fisheries (BOF) limited participation in the fishery to small
boats. Then on June 27, 1994, a super-exclusive designation went into effect for the fishery.
This designation stated that a vessel registered for the Norton Sound crab fishery may not be
used to take king crabs in any other registration areas during that registration year. A vessel
moratorium was put into place before the 1996 season. This was intended to precede a
license limitation program. In 1998, Community Development Quota (CDQ) groups were
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allocated a portion of the summer harvest; however, no CDQ harvest occurred until the 2000
season. On January 1, 2000 the North Pacific License Limitation Program (LLP) went into
effect for the Norton Sound crab fishery. The program dictates that a vessel which exceeds
32 feet in length overall must hold a valid crab license issued under the LLP by the National
Marine Fisheries Service. Regulation changes and location of buyers resulted in harvest
distribution moving eastward in Norton Sound in the mid-1990s.  In the Norton Sound, a
legal crab is defined as > 4-3/4 inch carapace width (CW, Menard et al. 2011; equivalent to >
124 mm carapace length [CL]). Since 2005, commercial buyers started accepting only legal
crabs of > 5 inch carapace.

Not all Norton Sound area is open for commercial fisheries. Since beginning of the
commercial fisheries in 1977, inland waters near Nome arca has been closed for summer
commercial crab fishery, possibly to protect crab nursery grounds (Figure 2). Extent of
closed water changed throughout history.

CDQ Fishery

The Norton Sound and Lower Yukon CDQ groups divide the CDQ allocation. Only fishers
designated by the Norton Sound and Lower Yukon CDQ groups are allowed to participate in
this portion of the king crab fishery. Fishers are required to have a CDQ fishing permit from
the Commercial Fisheries Entry Commission (CFEC) and register their vessel with the
Alaska Department of Fish and Game (ADF&G) before they make their first delivery.
Fishers operate under authority of the CDQ group and each CDQ group decides how their
crab quota is to be harvested. During the March 2002 BOF meeting, new regulations were
adopted that affected the CDQ crab fishery and relaxed closed-water boundaries in eastern
Norton Sound and waters west of Sledge Island. At its March 2008, the BOF changed the
start date of the Norton Sound open-access portion of the fishery to be opened by emergency
order and as early as June 15. The CDQ fishery may open at any time (as soon as ice is
out), by emergency order. It is possible that the fishery starts BEFORE determination
of OFL and ABC.

Winter Commercial Fishery

The Norton Sound winter commercial fishery is a small fishery using hand lines and pots
through the nearshore ice. Approximately 10 permit holders participated in this fishery
harvesting, on average 2,500 crabs during 1978-2009 (Menard 2011). The winter commercial
fishery catch is influenced not only by crab abundance, but also by changes in near shore
crab distribution, and ice conditions.

Subsistence Fishery

The Norton Sound subsistence crab fishery mainly occurs during winter using hand lines and
pots through the nearshore ice. Average annual subsistence harvest was 5,300 crabs (1978-
2007). Subsistence harvesters need to obtain a permit before fishing and record daily effort
and catch. There is no size limit in the subsistence fishery. The subsistence fishery catch is
influenced not only by crab abundance, but also by changes in distribution, changes in gear
(e.g., more use of pots instead of hand lines since 1980s), and ice conditions (e.g., reduced
catch due to unstable ice conditions: 1987-88, 1988-89, 1992-93, 2000-01, 2003-04, 2004-05,
and 2006-07).

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

Since 1997 Norton Sound red king crab have been managed based on a guideline harvest
limit (GHL). Detailed history of GHL determination methods are unknown. Since 1999,
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GHL is determined by a prediction model and the model estimated predicted biomass: (1) 0%
harvest rate of legal crab when estimated legal biomass < 1.5 million Ibs; (2) < 5% of legal
male abundance when the estimated legal biomass falls within the range 1.5-2.5 million lbs;
and (3) < 10% of legal male when estimated legal biomass >2.5 million Ibs.

In 2012 the Alaska Board of Fisheries adopted a revised GHL: (1) 0% harvest rate of legal
crab when estimated legal biomass < 1.25 million Ibs; (2) < 7% of legal male abundance
when the estimated legal biomass falls within the range 1.25-2.0 million Ibs; (3) < 13% of
legal male abundance when the estimated legal biomass falls within the range 2.0-3.0 million

Ibs; and (3) < 15% of legal male when estimated legal biomass >3.0 million Ibs.

Year | Notable historical management changes

1976 | The abundance survey started

1977 | Large vessel commercial fisheries began

1991 Fishery closed due to staff constraints

1994 Super exclusive designation into effect. The end of large vessel commercial fishery operation.
Participation limited to small boats.

The majority of commercial fishery subsequently shifted to east of 164°W line.

1998 Community Development Quota (CDQ) allocation into effect

1999 Guideline Harvest Limit (GHL) into effect

2000 | North Pacific License Limitation Program (LLP) into effect.

2002 | Change in closed water boundaries (Figure 2)

2005 Commercially accepted legal crab size changed from > 4-3/4 inch CW to > 5 inch CW

2006 The Statistical area Q3 section expanded (Figure 1)

2008 Start date of the open access fishery changed from July1 to after June 15 by emergency order.
Pot configuration requirement: at least 4 escape rings (>4%: inch diameter) per pot located within
one mesh of the bottom of the pot, or at least % of the vertical surface of a square pot or sloping
side-wall surface of a conical or pyramid pot with mesh size > 6% inches.

2012 | Board of fisheries adopted a revised GHL

7. Summary of the history of the Bysy.

Direct estimation of the Bysy is not possible, hence, NSRKC is a tier4a crab stock. .

Bumsy is calculated as mean model estimated mature male biomass (MMB) from 1983 to
present. Choice of this period was based on a belief that PDO shift occurred in 1976-77
could have changed the productivity.

D. Data

1.

Summary of new information:

a. Trawl survey 2011 and historical abundance data were updated. Historical 1976-
1991 survey conducted by NMFS trawl survey was updated (Table 3). Original
source of the abundance estimates were included.

b. Harvests of 2011 summer commercial fishery, and 2010/2011 winter commercial
and subsistence fisheries, were updated. For winter 2011/12 harvest data,
2010/2011 winter harvest data were used.
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2. Available survey, catch, and tagging data

Data Set Years

Data Types Tables

Summer trawl
survey
Summer pot survey 80-82,85

76,79,82,85,88,91,96, Abundance and proportion
99, 02,06,08,10,11

Winter pot survey 81-87, 89-91,93,95-

00,02-12
Summer preseason 95
survey
Summer
commercial fishery

76-90,92-11

Observer data 87-90,92,94

Winter commercial 76-11
and subsistence
fishery

Tagging data 80-07

3.5,

by length and shell condition Appendix E
Abundance and proportion 3,6

by length and shell condition

Proportion by length and 7

shell condition

Proportion by length and Not used
shell condition for model
Catch abundance, effort, and 1,4
proportion by length and

shell condition

Proportion by length and 8

shell condition (sub-legal

only)

The Number of crab 2

harvested

Used to create a growth 10
increment matrix

a. Summer commercial fishery and winter commercial and subsistence catch, and

effort (potlifts) (ADF&G 1976-2011) (Tables 1 and 2).

shellfish fisheries exist.

Discards of sublegal males (observer data) from the summer fishery (ADF&G
1987-90, 1992, 1994). The survey was opportunistic, so that the number of crab
discarded was not recorded. Only catch-at-length and shell condition of sub-legal
male were recorded (Table 8). In Norton Sound, no other crab, groundfish, or

Fishery Data availability
Directed pot fishery (males) Summer commercial None
Directed pot fishery (females) Winter commercial/subsistence | None
Bycatch in other crab fisheries Does not exist NA
Bycatch in ground pot Does not exist NA
Bycatch in ground fish trawl Does not exist NA
Bycatch in the scallop fishery Does not exist NA

c. Catch at length data for summer commercial fisheries (Table 4).

d. Survey abundance estimates:

Triennial trawl surveys were conducted by the NMFS (1976-1991, 2010) and by
the ADF&G (1996-2011) (Table 3). The NMFS survey was conducted using the
83-112 Eastern Otter Trawl, whereas the ADF&G survey was conducted using the
400 Eastern Otter Trawl. In both surveys, survey design was based on 10x10nm
square, except for the NMFS survey in 2010 where survey grid was 20x20nm.
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Abundance of crabs were estimated by "area-swept" methods (Alverson and
Pereyra 1969).

While the assessment model is based on crab population of > 74mm CL, none of
surveys have reported abundance of crab > 74mm CL. NMEFS survey reported
crab abundance of > 100mm CL, < 100mm CL, and all sizes, whereas ADF&G
survey reported crab abundance of legal size (= 4 % inch CW).  Hence,
abundance and CV of crab > 74mm CL had to be re-estimated either directly from
original survey data (when available and possible) or converted from numbers
reported in each study (See Table 3 for details).

Survey coverage differed among years (Appendix E); however, we did not
correct/standardize estimated abundance based on survey coverage. It was
assumed that there were no crab in unsurveyed area.

Summer pot surveys were conducted in 1980-82, 85. Except for 1985, survey
abundance CV was not reported.

e. Survey catch-at-length data available include: Summer commercial catch (1977-
2011) (Table 4), triennial Trawl survey (Table 5) and winter pot survey (Table 7).
Other miscellaneous data include: summer pot survey (1980-82, 85) (Table 6),
summer commercial catch observer survey (1987-90, 92, 94) (Table 8), and
summer preseason survey (1995) (Not included for the assessment model).

f.  Other miscellaneous data: None.

3. Growth-per-molt (Table 9), estimated from tagging data (1991-2007).

4. Proportion of legal size crab, estimated from trawl survey data (Table 5).
E. Analytic Approach
1. History of the modeling approach.

The Norton Sound red king crab stock was assessed using a length-based synthesis model
(Zheng et al. 1998). The model was updated in 2009-2010 to provide information for the
federal OFL. At the May 2010 CPT meeting, seven alternative models were presented:
1) based on 2009 model reviewed by Punt (University of Washington), 2) model 1 and
including bycatch mortality, 3) model 2 with weight of fishing effort increased from 5 to
20; 4) model 3 with fishery selectivity for the last length group from 0.6 to being
estimated from the model, 5) model 3 and reduce the maximum effective sample size for
commercial catch and winter surveys from 200 to 100, 6) model 5 with M for the last
length group increased from the default 0.18 to 0.288, and 7) model 6 with M increased
to 0.34. The CPT and subsequent SSC recommended using the Model 6 for the 2010/11
iteration. During 2011 NPFMC meeting in June, SSC was concerned high hindcast
prediction error and bias (i.e., model predicted crab abundance for assessment year tend
to be higher than “actual/model reconstructed” abundance, which resulted in higher
exploitation rate, than anticipated at the time of an assessment. ~The SSC, directed
assessment authors to revise the model and reduce hindcast prediction error. In this
2012/13 iteration, we present several alternative model configurations.
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2. Model Description
a. Description of overall modeling approach:

The model is a male-only size structured model that combines multiple sources of
survey, catch, and mark-recovery data using a maximum likelihood approach to
estimate abundance, recruitment, catchability of the commercial pot gear, and
parameters for selectivity and molting probabilities (See Appendix A for full model
description).

b-f. See Appendix A.

g. Critical assumptions of the model:

1. Male crab mature at CL length 94mm.

Bases for this assumption have not been located. No formal study has been conducted to test this
assumption.

ii.  Instantaneous natural mortality M is 18% for all length classes, except for the last
length group (> 123mm) where M = 28.8% (18% x 1.6) (Zheng et al. 1998). M
is constant over time.

This mortality is based on Bristol Bay red king crab, estimated with a maximum age 25 and the
1% rule (Zheng 2005), and was adopted for NSRKC by CPT. The assumption of the higher M for
the last length group is based not on biological data, but rather a working hypothesis attempting to
explain the lower than model predicted proportion of this group in summer commercial fisheries
(Figures 10, 13). It is possible, that the last length group moved into areas inaccessible to
commercial fisheries (CPT review 2010). However, this does not explain the low proportion
observed in the summer trawl survey, when all of the Norton Sound Area was surveyed. In
addition, lowering the catch selectivity did not result in lower log likelihood than increasing the
mortality (CPT 2010).

iii.  Trawl survey selectivity is sigmoid function: 1.0 for length classes 3-6, and a
sigmoid function for length classes 1-2.

This assumption was not based on biological/mechanistic data and reasoning, but rather an
attempt to improve model fit. Further, all models estimated selectivity of classes 1-2 to 1.0.
Thus, essentially, trawl survey selectivity is 1.0 for classes 1- 6.

iv.  Winter pot survey selectivity is a dome shaped function: 1.0 for length classes 3-5,
a sigmoid function for length classes 1-2, and model estimate for the last length
group.

This assumption is based on a belief (but no empirical data) that very large crab less

representative in near shore area where the winter surveys occur. This assumption improves
the model fit and reduces the bias in the bubble plot.

v.  Summer commercial fisheries selectivity is a sigmoid function of length peaking
at the length class 5 (104-113 mm). It has two curves: before 1993, and 1993-
present, reflecting changes in fishing vessel composition and pot configuration.

vi.  Winter commercial and subsistence fishery selectivity and length-shell conditions
are the same as those of the winter pot survey.

Winter commercial king crab pots can be any dimension (SAAC 34.925(d)). No data exists
about crab pot configuration of commercial or subsistence crab fishery gears. However,
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because commercial fishers are also subsistence fishers, it is reasonable to assume that the
commercial fishers used crab pots that they also used for subsistence harvest, and hence both
fisheries have the same selectivity.

vii.  Growth increments are is a function of length and are constant over time.
viii.  Molting probabilities are an inverse logistic function of length for males.
ix. A summer fishing season for the directed fishery is short.
x.  Discards handling mortality is assumed to be 20%. No empirical estimate is available.

xi.  Annual retained catch is measured without error.

xii.  All legal size crabs (> 4-3/4 inch CW) are taken to the commercial dock.

xiii.  Since 2005, all commercially acceptable size crabs (> 5 inch CW) are taken to
the commercial dock.

xiv.  All sublegal size crab or commercially unacceptable size crab (< 5 inch CW, since
2005) are discarded.

xv.  Length compositions have a multinomial error structure, and abundance has a log-
normal error structure.

h. Changes of assumptions since last assessment:
Following model modifications were made:

1. Likelihoods for summer pot survey in 2011 model had two components: legal and
sublegal. This time, this size separation was eliminated. In observed data, only
total crab abundance was estimated (Table 3), and abundance of legal and sub-
legal crab was estimated by multiplying by the observed size proportion. Since
likelihood of size proportion is already calculated, it is inappropriate to fit the
same data twice.

2. In size class 4, proportion of legal crab was further adjusted for summer
commercial fisheries since 2005 to reflect the fact that commercial buyers accept
only >5 inch CW crab even though legal crab size is >4 3/4 inch CW. It is likely
that commercial crab fishermen would discard legal crab of less than 5 inch CW
at sea.

1. Code validation. Model code is available from the authors.

3. Model Selection and Evaluation

a. Description of alternative model configurations.
The following model modifications were evaluated. See Appendix B for the rationale for
selecting candidate alternative models.

ms6: multipliers of M for length class 6 natural mortality, default value 1.6
lamc: weight for commercial catch effort, default value 20
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maxss: maximum effective sample size, default value 200

Fourteen models are evaluated:

0. 2011 model (2010 model 6)
Baseline 2012 model:
Model 1 and change ms6 = 3.6
Model 1 and change lamc = 50
Model 1 and change lamc = 100
Model 1 and change maxss = 100
Model 1 and change maxss = 50
Model 1 and change maxss = 10
Model 1 and change M = 0.32
9. Model 1 and change ms6 = 1.0
10. Model 9 change M = 0.4
11. Model 3 & Model 6
12. Model 11 & Model 2
13. Model 4 & Model 6
14. Model 13 & Model 2

NN RN =

b. Evaluation of alternative models results

Per 2011 SSC’s directive (see SCC comments in section B), we were tasked to reduce
retrospective/hindcast prediction bias. Hence, for best model selection, both mean
hindcast error and mean hindcast bias for 1997-2011 were calculated. For each model,
reconstructed historical legal crab abundance of i-th year (y;) was estimated using the
most up-to-date data (i.e., 2011). Similarly, using the data up to (i-1)-th year (e.g., 1998),
legal crab abundance of i-th year (yp;) (e.g., 1999) was predicted.

From hindcast predicted and reconstructed legal crab abundance, hindcast error for each
year was calculated as

E;=(ypi- y1)/yp;, mean hindcast error (ZE)/n

Mean hindcast bias (1-f) was calculated by regressing reconstructed legal crab
abundance with hindcast predicted abundance as

yi=pBypi

In these two measures, a better model should have lower mean hindcast error and mean
bias (close to 0). Positive values indicate that predicted abundance tends to be higher than
hindcast abundance.
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Alternative Negative | redicted % Mean Mean
models ms6' | lamc | maxss | M %L Legal abundance hindcast hindcast
abundance change Error bias
(()2'021001 ;?ggeé) 1.6 | 20 | 200 |0.18]| 11016.9 1611.7 0612 0318
1. 2012 Base
model (see Sec 11026.3 1454.9 -9.7% 0.454 0272
2.h)
i ‘ 31\2061 T&ms6 | 5 ¢ 1097.20 1484.9 7.9% 0.256 0.195
fgnﬁﬁ"félol & 50 11181.7 1328.8 -17.6% 0.187 0.150
fglﬁﬁ"f ellob& 100 11420.6 1219.3 -24.3% 0.057 0.090
;stdflllog‘ 100 6939.7 1500.8 -6.9% 0273 0.190
&gsszISB& 50 3687.5 1528.9 -5.1% 0.165 0.138
;stdflllo& 10 840.5 1549.1 3.9% 0.083 0.071
@yg;‘;‘ T& 032 | 10987.0 1421.6 -11.8% 0.041 0.077
i;slzlidle 101 & 1.0 11052.5 1430.9 “11.2% 0.646 0.656
LO(') ZAOdel PEM Y 04 | 109885 1388.4 -13.9% 0.058 0.076
ﬁéé\gf gel 3& 50 | 50 3829.1 1405.4 -12.8% 0.018 0.051
iféé\gfgel & 561 50 | s0 3804.0 1378.5 -14.5% -0.010 0.037
ﬁéé\gf gel 4& 100 | 50 40433 1285.8 20.2% -0.103 0.047
ﬁéé\gﬁgel B& 56 1100 | 50 3986.2 1244.6 -22.8% -0.055 0.021

1- values for ms6, lamc, maxss, and M in the table for models 2 through 20 indicate values that
are different from values in model 0 and model 1.

c. Selection of best models:

Comparing the alternative model configurations with the baseline model, following
trends were observed (Appendix C).

1y

2)

3)

4)

All alternative models decrease hindcast error and bias and predicted legal crab

abundance of 2012 from those of the 2011 model.

Increase of M greatly lowered hindcast error and bias; however, it also increased
estimates of initial abundance in 1976 (i.e., initial unexploited population
abundance). Predicted legal abundance was slightly lower than the 2011 model.

Increase of ms6 moderately reduced the hindcast bias and errors moderately, and
increased an estimate of initial abundance in 1976 (i.e., initial unexploited
population abundance).
Increase of lamc greatly lowered hindcast bias and error, and lowered abundance
estimates of 1992-2011 by 10-20% from the 2011 model.
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5) Lowering of maxss greatly decreased hindcast error and bias; the abundance
estimate was slightly lower than 2011 model.

For the selection of best models, we chose models4, 7,8,10, 11, 12, and 14 set criteria of
mean hindcast error and bias less than 0.1.

Second, we eliminated the model 14 for instability of the model estimates (See Appendix

Q).

Among those, we chose models with smaller hindcast bias and error, which left models
11 and 12. Both models are similar

Data Component 2011 Baseline | Model 4 | Model 7 | Model 8 | Model 10 | Model 11 | Model 12
Model 0 | Model 1

Trawl abundance -25.13 -26.86 -29.8 -16.9 -29.9 -30.1 -21.8 -28.1

Pot abundance -1.14 -1.45 -1.44 -1.74 -1.87 -2.23 -1.62 -2.17

Commercial effort 2.40 -5.44 -4.61 -4.37 -5.05 -5.09 -4.52 -3.93

Trawl length comp 2580.2 2580.5 | 2598.7 211.7 2580.5 2581.2 1025.7 1027.9

Pot length comp 1284.4 1284.1 1285.6 64.7 1276.0 1276.9 322.6 321.4

Winter length comp 2823.9 2825.3 | 2840.7 222.7 2819.9 2824.2 1061.2 1065.3

Commercial length 3655.6 3652.8 | 3655.1 196.5 3632.6 3632.6 979.1 972.6

comp

Recruitment -0.487 -0.486 -0.428 -0.444 -0.353 -0.327 -0.467 -0.436

deviation

Observer length 546.1 545.9 547.6 38.5 545.0 544.9 190.8 189.5

comp

Total 11015.7 11026.3 | 11420.6 840.5 10987.0 10994.2 3829.1 3804.0

Comparing the two models, the model 12 showed slightly better mean hindcast error and bias,
and low total likelihood. Hence, we chose the model 12 for calculation of the OFL and ABC.

d. Parameter estimates:

e. Model selection criteria. The Likelihood values were used to evaluate model.

f. Residual analysis. Residual plots for length compositions are shown in Figures 5 and

6.

g. Model evaluation: See Appendix C

4. Results

1. Effective sample sizes and weighting factors.

Effective sample sizes were calculated as

n= ZP” (1-P) / Z (P,-P,)

Where P, and f’y’, are observed and estimated length compositions in year y and length

group /, respectively. Estimated effective sample sizes vary greatly overtime.
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Following weights were used

Data Weighting
Factor

Summer fishing effort 50

Recruitment 0.01

Maximum sample size for length proportion:

Survey data Sample size
Summer commercial, winter pot, minimum of 0.1X actual
and summer observer sample size or 25
Summer trawl and pot survey minimum of 0.5% actual

sample size or 50

Effective sample sizes for length compositions ( Tables 4,5,6,7, and 8).

2. Tables of estimates.

Model Parameter estimates (Table 11).

a. Most of parameters were estimated with CV of around 30%. Notable exception was

recruitment parameter for 1978 and 1979 (log Rss , log Ryg), trawl selectivity
parameter (log ¢ and log_ ), and winter pot survey selectivity (log wsy). For 1978
and 1979, estimates were close to zero reflecting extremely low proportion of < 94mm
crab observed in 1979 trawl survey (Table 5, Figure 3,4). The high CVs for those
selectivity parameters are an artifact because the estimated selectivity was 1.0 for
those cases. In asymptotic sigmoid function, multitudes of parameter combinations
can result in 1.0, so that model was not able to converge into single parameter. The
parameter ps hit the bound of 1.0. This shows that commercial buyer’s preference of
purchasing only > 5 inch CW legal crab (as opposed to 4 % inch CW legal crab), did
not seem to change fishing behavior (i.e., discarding <5 inch CW legal crabs).

b. Abundance and biomass time series are provided in Table 12 and Figure 4.

c. Recruitment time series are in Table 12 and Figure 4. One noticeable observation was

high recruitment estimate in 1976.

d. Time series of catch/biomass are in Table 13

.

Selectivities, molting probabilities, and proportions of legal crabs by length are
provided in Table 9.

3. Graphs of estimates.

a. Estimated male abundances (recruits, legal, and total) are plotted in Figures 4 and 5.

b. Time series of catch and harvest rates are plotted in Figure 6.

c. Harvest rate are plotted against mature male biomass in Figure 7.
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d. Estimated and observed catch effort was plotted in Figure 8.
e. Estimated and observed trawl survey abundance was plotted in Figure 9.

4. Evaluation of the fit to the data

a. Fits to observed and model predicted catches.
Not applicable. Catch is assumed to be measured without error. Instead, summer
commercial fishery effort was modeled (Figure 8). Modeled efforts generally followed
observed efforts. Notable exception was 1980.

b. Model fits to survey numbers (Figure 9).

The majority of model estimated abundances of total crabs were within the 95%
confidence interval of the survey observed abundance, except for 1976 and 1979, where
model estimates was higher than the observed abundance.

c. Model fits to catch and survey proportions by length (Figure 10-13).
Generally, the model fits to

A residual plot for the commercial catch showed that the model tended to overestimate
catches of largest length class and thus underestimate crab sizes of (4 and 5). Residuals
of winter pot survey showed the model tended to overestimate (negative residuals) the
proportion of large length classes (>103 mm). However, during 1991-1995, the pattern
was reversed.

Plots of summer trawl, pot, and observer data did not seem show noticeable patterns.
Similar to the winter pot survey, the model tended to overestimate proportion of large
length classes. This tendency was most prominent during the last 3 trawl surveys.

d. Marginal distribution for the fits to the composition data: Not provided

e. Plots of implied versus input effective sample sizes and time-series of implied effective
sample sizes: See Tables 4-8.

g. Tables of RMSEs for the indices: Not provided
h. QQ plots and histograms of residuals: not provided.

5. Retrospective and historic analyses.
See Figure 14, Appendix C, model selection section
6. Uncertainty and sensitivity analyses.

See Appendix B.
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F. Calculation of the OFL

1. Specification of the Tier level and stock status.

The Norton Sound red king crab stock is currently placed in Tier 4 (NPFMC 2007). It is not
possible to estimate the spawner-recruit relationship, but some abundance and harvest estimates
are available to build a computer simulation model that capture the essential population
dynamics. Whereas tier 4 stocks are assumed to have reliable estimates of current survey
biomass and instantaneous M, the estimates for the Norton Sound red king crab stock uncertain.
Survey biomass is based on triennial trawl surveys with CVs ranging 15-42% (Table 4). The
natural mortality of 18% adopted by the CPT (2010) is based on Bristol Bay red king crab with
the maximum age 25 and the 1% rule (Zheng 2005); however, no data are available to support
the assumption of a maximum age 25 for the Norton Sound red king crab.

The OFL is estimated by the Fysy proxy, Busy proxy, and estimated legal male abundance and
biomass:

Fopp =y M, whenB/B, .. >1, (1)
Fop, =y M (B/B, .. ~0.1/0.9, when 025<B/B, .. <, )
Fyp, = bycatchmortality & directed fishery F =0, whenB/B, .. <025, (3)

where B is a mature male biomass (MMB), Bysy proxy is average mature male biomass over a
specified time period. M =0.18 and y= 1.

For Norton Sound red king crab, MMB is defined as CL > 94 mm.

OFL was calculated for retained catch and total male catch. The retained OFL is based on legal crab
biomass catchable to summer commercial pot fisheries (Legal B):

Legal B = Z (Ngy+Os)S, Liwm,
7

OFL =(1—exp(=F,;, ))Legal B

retained

The total male OFL is

OFLtolalmales = OFLretained + (1 - eXp(_FVOFL )) Z(NS,I, + Os,l,)Ss,l (1 - Ll )Wml hm
!

where N;; and Oy, are summer abundances of newshell and oldshell crabs in length class / in the
terminal year, L, is the proportion of legal males in length class /, Ss; 1s summer commercial catch
selectivity, wmy; is average weight in length class / and /m is handling mortality rate

For the selection of the By proxy, default data used are survey MMB. However, for the Norton
Sound red king crab stock, only available survey MMB data are triennial trawl surveys, 11 years of
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data during 37 years period. Instead, we used the model estimated MMB for calculation of By
proxy.
For the Norton Sound red king crab stock, Busy proxy is based on the period from of 1980 -

2012. This is based on the fact that fishery started 1977, and that uncertainties exist on
recruit. Resulting Bysy proxy is 3.51 million Ibs MMB and B/Bysy = 1.210 (Figure 4).

Predicted legal male and mature male biomass in 2012 are:
Legal male biomass: 3.21 million Ib with a standard deviation of 0.31 million Ib.
Mature male biomass: 4.25 million lbs with a standard deviation of 0.39 million Ib.

The average of model estimated mature male biomasses during 1983-2012 was used as the By
proxy.
Estimated Bysy proxy, For, and retained catch limit in 2012 are:

Model 12
Buysy proxy = 3.51 million lbs,
FOFL =0.1 8,

Hence, the overfishing limits for retained catch in 2012 are For, = 0.18 (»=1.0) 0.529 million
Ibs (3.21x(1-exp(-0.18)).

G. Calculation of the ABC
1. Specification of the probability distribution of the OFL.

Probability distribution of the OFL was determined based on the CPT recommendation in
January 2012 as follows:

Tier 4 crab stocks

Calculation of a distribution for the OFL for Tier 4 stocks involves repeating four steps (detailed
below). The aim is to have the median of the distribution for the OFL equal the point estimate (so
that P*=0.5 implies that the ABC equals to the point estimate of the OFL). The proposed steps
are: (a) Sample current MMB from a normal distribution with mean given by the point estimate
of current MMB and CV equal to the sampling CV. (b)The Bwmsy proxy is the average MMB over
a pre-specified set of years. Uncertainty in the Bmsy proxy only accounts for uncertainty in MMB
for the years for which it is assumed the stock was “at BMsy” and not uncertainty in the years
concerned. For each of the years used when defining the Bmsy proxy, sample MMB from a
distribution with mean given by its point estimate and CV equal to the sampling CV. The pseudo
Bwmsy proxy is then the average of the samples values. (c)Sample M from a normal distribution
with mean equal to the assumed M and CV equal to an assumed CV (e.g. 0.2). (d)Compute the
OFL. Form a cumulative distribution for the OFL from the sampled values. Find the median of
this distribution. Using normal quantiles to rescale the distribution so that the median equals the
OFL (similar to a bias-corrected bootstrap).

For the Norton Sound red king crab, calculation of OFL is based on summer commercial retained
legal male biomass that is more than 90% of harvests. Second largest harvest is winter
subsistence harvest, which does not have harvest limit. Hence, retained OFL is used. Sampling
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CV was assumed 0.2 that was average CV for trawl survey. For inclusion of uncertainties sigma-
b, sigma-b = 0.4 was considered, which was recommended by the CPT (2010).

For calculation of the ABC, default percentile is P* = 49; however because P*=49 is nearly
identical to OFL, we also calculated P* = 40. Additionally, in 2011 at the NPFMC meeting in
June, the council adopted 10% buffer of OFL (i.e., ABC = 0.9xOFL), and also suggested to
explore a 25% buffer.

Candidate ABC
Model 12
OFL 0.529
ABC
Buffer 10% 0.476
Buffer 25% 0.397
P*=49 0.526
P*=40 0.491
P*=49, sigma-b = 0.4 0.522
P*=40, sigma-b =0.4 0.464

The above shows that ABC P*=49 was identical to OFL, and ABC 10% buffer was similar to
P*=40 with sigma-b. Based on these and uncertainties, we recommend a 10% buffer with
ABC =0.476 million Ibs.

H. Rebuilding Analyses

Not applicable
I. Data Gaps and Research Priorities
The major data gaps of the Norton Sound red king crab are: spatially and temporarily consistent
estimate of abundance, length frequency of discards from fisheries, and estimates of the
instantaneous natural mortality. In addition, life-history of the Norton Sound red king crab stock

is poorly understood. This includes size at maturity, natural mortality rate,
timing and locations of reproduction, location of females during summer.
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Table 1. Historical summer commercial red king crab fishery economic performance, Norton Sound
Section, eastern Bering Sea, 1977-2011.

Guideline  Commercial

Harvest _Harvest (Ib) *°

Level Open Total Number (incl. CDQ) Total Pots Season Length

Year (Ibs)® Access CDQ Harvest Vessels Permits Landings Registered Pulls Days Dates

1977 ¢ 0.52 195,877 7 7 13 5,457 60 ¢

1978 3.00 2.09 660,829 8 8 54 10,817 60 6/07-8/15
1979 3.00 2.93 970,962 34 34 76 34,773 16 7/15-7/31
1980 1.00 1.19 329,778 9 9 50 11,199 16 7/15-7/31
1981 2.50 1.38 376,313 36 36 108 33,745 38 7/15-8/22
1982 0.50 0.23 63,949 11 11 33 11,230 23 8/09-9/01
1983 0.30 0.37 132,205 23 23 26 3,583 11,195 3.8 8/01-8/05
1984 0.40 0.39 139,759 8 8 21 1,245 9,706 13.6 8/01-8/15
1985 0.45 0.43 146,669 6 6 72 1,116 13,209 21.7 8/01-8/23
1986 0.42 0.48 162,438 3 3 578 4,284 13 8/01-8/25
1987 0.40 0.33 103,338 9 9 1,430 10,258 11 8/01-8/12
1988 0.20 0.24 76,148 2 2 360 2,350 9.9 8/01-8/11
1989 0.20 0.25 79,116 10 10 2,555 5,149 3 8/01-8/04
1990 0.20 0.19 59,132 4 4 1,388 3,172 4 8/01-8/05
1991 0.34 0 No Summer Fishery

1992 0.34 0.07 24,902 27 27 2,635 5,746 2 8/01-8/03
1993 0.34 0.33 115,913 14 20 208 560 7,063 52 7/01-8/28
1994 0.34 0.32 108,824 34 52 407 1,360 11,729 31 7/01-7/31
1995 0.34 0.32 105,967 48 81 665 1,900 18,782 67 7/01-9/05
1996 0.34 0.22 74,752 41 50 264 1,640 10,453 57 7/01-9/03
1997 0.08 0.09 32,606 13 15 100 520 2,982 44 7/01-8/13
1998 0.08 0.03  0.00 10,661 8 11 50 360 1,639 65 7/01-9/03
1999 0.08 0.02 0.00 8,734 10 9 53 360 1,630 66 7/01-9/04
2000 0.33 029 0.01 111,728 15 22 201 560 6,345 91 7/01-9/29
2001 0.30 0.28  0.00 98,321 30 37 319 1,200 11,918 97 7/01-9/09
2002 0.24 024 0.01 86,666 32 49 201 1,120 6,491 77 6/15-9/03
2003 0.25 025 0.01 93,638 25 43 236 960 8,494 68 6/15-8/24
2004 0.35 031 0.03 120,289 26 39 227 1,120 8,066 51 6/15-8/08
2005 0.37 037 0.03 138,926 31 42 255 1,320 8,867 73 6/15-8/27
2006 0.45 042 0.03 150,358 28 40 249 1,120 8,867 68 6/15-8/22
2007 0.32 029 0.02 110,344 38 30 251 1,200 9,118 52 6/15-8/17
2008 0.41 036 0.03 143,337 23 30 248 920 8,721 73 6/23-9/03
2009 0.38 037 0.03 143,485 22 27 359 920 11,934 98 6/15-9/20
2010 0.40 039 0.03 149,822 23 32 286 1,040 9,698 58 6/28-8/24
2011 0.36 037 0.03 141,626 24 25 173 1,040 6,808 33 6/28-7/30

* Deadloss included in total. ® Millions of pounds. © Information not available.
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Table 2. Historical winter commercial and subsistence red king crab fishery economic performance, Norton
Sound Section, eastern Bering Sea, 1977-2011.

_ Commercial Subsistence
Vear Fiﬁ; # of Crab o Permits . Total Crab — Z}Z:iigte
Harvested Winter Issued  Returned Fished Caught® Retained Fished
1978 37 9,625 1977/78 290 206 149 ¢ 12,506 84
1979 1f 221" 1978/79 48 43 38 e 224 6
1980 1f 22f 1979/80 22 14 9 e 213 24
1981 0 0 1980/81 51 39 23 ¢ 360 16
1982 1f 17 1981/82 101 76 54 e 1,288 24
1983 5 549 1982/83 172 106 85 ¢ 10,432 123
1984 8 856 1983/84 222 183 143 15,923 11,220 78
1985 9 1,168 1984/85 203 166 132 10,757 8,377 63
1985/86 5 2,168 1985/86 136 133 107 10,751 7,052 66
1986/87 7 1,040 1986/87 138 134 98 7,406 5,772 59
1987/88 10 425 1987/88 71 58 40 3,573 2,724 68
1988/89 5 403 1988/89 139 115 94 7,945 6,126 65
1989/90 13 3,626 1989/90 136 118 107 16,635 12,152 114
1990/91 11 3,800 1990/91 119 104 79 9,295 7,366 93
1991/92 13 7,478 1991/92 158 105 105 15,051 11,736 112
1992/93 8 1,788 1992/93 88 79 37 1,193 1,097 30
1993/94 25 5,753 1993/94 118 95 71 4,894 4,113 58
1994/95 42 7,538 1994/95 166 131 97 7,777 5,426 56
1995/96 9 1,778 1995/96 84 44 35 2,936 1,679 48
1996/97 2f 83f 1996/97 38 22 13 1,617 745 57
1997/98 5 984 1997/98 94 73 64 20,327 8,622 135
1998/99 5 2,714 1998/99 95 80 71 10,651 7,533 106
1999/2000 10 3,045 1999/2000 98 64 52 9,816 5,723 107
2000/01 3 1,098 2000/01 50 27 12 366 256 21
2001/02 11 2,591 2001/02 114 61 45 5,119 2,177 48
2002/03 13 6,853 2002/03 107 70 61 9,052 4,140 68
2003/04* 2 522 2003/04# 96 77 41 1,775 1,181 29
2004/05 4 2,091 2004/05 170 98 58 6,484 3,973 112
2005/06 1f 75 2005/06 98 97 67 2,083 1,239 18
2006/07 8 3,313 2006/07 129 127 116 21,444 10,690 92
2007/08 9 5,796 2007/08 139 137 108 18,621 9,485 88
2008/09 7 4,951 2008/09 105 105 70 6,971 4,752 68
2009/10 10 4,834 2009/10 125 123 85 9004 7,044 83
2010/11 9 3365 2010/11 148 148 95 9183 6640 70
2011/12 2011/12
a Prior to 1985 the winter commercial fishery occurred from January 1 - April 30. As of March 1985, fishing may occur from November 15 -
May 15.

b The winter subsistence fishery occurs during months of two calendar years (as early as December, through May).

¢ The number of crab actually caught; some may have been returned.

d The number of crab Retained is the number of crab caught and kept.

e Information not available.

f Confidential under AS 16.05.815.

g Confidentiality was waived by the fishers.

h Prior to 2005, permits were only given out of the Nome ADF&G office. Starting with the 2004-5 season, permits were given out in Elim,
Golovin, Shaktoolik, and White Mountain.

i Preliminary
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Table 3. Summary of triennial trawl survey Norton Sound male red king crab abundance estimates. Trawl
survey abundance estimate is based on 10x 10 nmil® grid, except for 2010 (20x20 nmil?).

Survey coverage Abundance
(1,000s)
Reported
Year  Dates iug’;}’ Iiuf[ﬁe}é surveyed ~Stations w/  n mile? 213/? inm cv
geney ctho stations NSRKC  covered ales

1976 9/02-9/05  NMFS Trawl 103 62 10260 3119.800° 4219.294% 0.163
1979  7/26 - 8/05 NMFS Trawl 85 22 8421 762.000° 901.000'  0.233
1980  7/04-7/14  ADFG Pots 1900.000° 2092.303™  N/A®
1981 6/28 - 7/14 ADFG Pots 1285.195¢  2153.407" N/A®
1982 7/06 - 7/20 ADFG Pots 353.273° 1140.582° N/A®
1982 9/05-9/11 NMEFS Trawl 58 37 5721 970.646" 2323.379" 0.256
1985 7/01-7/14 ADFG Pots 907.579¢ 2320.381¢ 0.083°
1985  9/16 -10/01 NMFS Trawl 78 49 7688 2111.000" 3195.535" 0.263
1988  8/16 - 8/30 NMFS Trawl 78 41 7721 1607.000° 3035.621° 0.298
1991 8/22 - 8/30 NMFS Trawl 52 38 5183 1771.0000  3092.794"  0.350
1996  8/07-8/18  ADFG Trawl 50 30 4938 1264.691" 0317
1999  7/28-8/07  ADFG Trawl 53 31 5221 2276.095  0.194
2002 7/27-8/06  ADFG Trawl 57 37 5621 1747.581"  0.125
2006  7/25 - 8/08 ADFG Trawl 101 45 10008 2549.726" (.288
2008  7/24-8/11 ADFG Trawl 74 44 7330 2707.083" (.164
2010'  7/27-8/09  NMFS Trawl 35 15 13749 2041.021" (455
2011 7/18 - 8/15 ADFG Trawl 65 34 6447 2701.708  0.133

*: Male > 100mm CL (Wolotira et al 1977,Sample and Wolotira 1985)

ed¢. Legal Male >4.75 in CW (original source unknown, in Table 2 Schwarz 1984)

. Original source unknown, in Table 2 Schwarz 1984

¢ Legal Male >4.75 in CW (Brannian 1987)

hiJ: Male > 90mm CL (Stevens and MacIntosh 1986, Stevens 1989, Stevens 1992)

¥ 3119.8+1171.2(reported estimate <99mm)x0.939 (proportion of 74-99mm): original data insufficient to re-estimate
- 762+178.7(reported estimate <99mm)x0.778 (proportion of 74-99 mm): original data insufficient to re-estimate
™:1900x1.101(proportion of >74 mm/>100 mm): original data insufficient to re-estimate

" 1285.195%1.676 (proportion of >74 mm/>100 mm): original data insufficient to re-estimate

©:353.273%3.229 (proportion of >74 mm/>100 mm): original data insufficient to re-estimate

P: Archival data file (Claire Armistead, NMFs personal comm.): (re-estimated from the raw 1 data = 3605.42)
9:907.579+1600.668(reported sublegal estimate)*0.883 (proportion of >74 mm): raw data insufficient to re-estimate
": re-estimated from the raw data (confirmed reported numbers from the raw data)

*: In the model, cv

: 20x20 n mile? grid survey
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Table 4. Summer commercial catch size/shell composition. Sizes in this and Tables 5-10 and 12 are mm
carapace length. Legal size (4.75 inch carapace width is approximately equal to 124 mm carapace length.

New Shell Old Shell
Modeled Effect 74-83 94-  104- 114- 74- 84- 94- 104- 114

Year Sample N 895 13 13 123 Y os3 93 103 13 123 P
1977 1549 25 14 0 0 0.0032 04196 03422 0.122 0 O 0 0.0626 0.04 0.0103
1978 389 25 159 0 0 0.0103 0.1851 0.473 03059 0 O 0 0.0051 0.0103 0.0103
1979 1660 25 91 0 0 0.0253 0.2325 0.3831 0.3217 0 O 0  0.0253 0.0006 0.0114
1980 1068 25 27 0 0 0.0037 0.0983 0.3062 0.5543 0 O 0 0.0028 0.0112 0.0234
1981 1748 25 10 0 0 0.0039 0.0734 0.1541 0509 0 O 0 0.0045 0.0504 0.2046
1982 1093 25 18 0 0 0.0421 0.1921 0.1647 0.505 0 0 0.0037 0.0128 0.022 0.0576
1983 802 25 47 0 0 0.0387 0.4127 0.3579 0.0973 0 0 0.0037 0.0362 0.01 0.0436
1984 963 25 26 0 0 0.0966 0.4195 0.2804 0.0717 0 0 0.0104 0.0654 0.0488 0.0073
1985 2691 25 129 0  0.0004 0.0643 0.3122 03716 0.1747 0 0 0.0026 0.0334 0.0312 0.0097
1986 1138 25 103 0 0 0.029 0.3559 0.3937 0.1353 0 0 0.0018 0.0202 0.0378 0.0264
1987 1542 25 18 0 0 0.0166 0.1788 0.2912 0.3798 0 0 0.0025 0.0267 0.065 0.0393
1988 1522 25 8384 0.00 0 0.0237 0.2004 0.3003 0.2181 0 0 0.0059 0.0644 0.0972 0.0894
1989 2595 25 172 0 0 0.0127 0.1643 0.3185 0.2148 0 0 0.0042 0.0555 0.1215 0.1084
1990 1289 25 224 0 0 0.0147 0.1435 0.3468 0.3251 0 0 0.0008 0.0372 0.0737 0.0582
1991

1992 2566 25 28 0 0 0.0172 0.201 0.2662 0.2244 0 0 0.0027 0.0792 0.1292 0.08
1993 1813 25 21 0 0 0.0142 0.2312 0.3939 0263 0 0 0.0004 0.0173 0.0437 0.0362
1994 404 25 50 0 0  0.0248 0.0941 0.0817 0.0891 0 0 0.0248 0.1881 0.25 0.2475
1995 1174 25 45 0 0 0.0392 0.2615 0.2853 0.207 0 0 0.0077 0.0486 0.0741 0.0767
1996 787 25 234 0 0 0.0318 0.2236 0.2389 0.141 0 0 0.014 0.1194 0.136 0.0953
1997 1198 25 24 0 0 0.0292 0.3656 0.3414 0.1244 0 0 0.0033 0.0559 0.0417 0.0384
1998 1055 25 94 0 0 0.0284 0.2332 0.2427 0.1071 0 O 0.0218 0.1118 0.1431 0.1118
1999 561 25 13 0 0 0.0026 0.2434 0.2698 0.3836 0 O 0 0  0.0423 0.0582
2000 17213 25 85 0 0 0.0194 0.2991 0.3917 0.1249 0 0 0.0028 0.0531 0.0654 0.0436
2001 20030 25 733 0 0 0.0243 0.2232 0.3691 0.2781 0 0 0.0008 0.0241 0.0497 0.0304
2002 5198 25 126 0 0 0.0442 0.2341 0.2814 0.3253 0 0 0.0046 0.0282 0.0419 0.0402
2003 5220 25 372 0 0 0.0232 0.368 0.3197 0.1523 0 0 0.0011 0.0218 0.0465 0.0674
2004 9605 25 81 0 0 0.0087 0.3811 0.388 0.1395 0 0 0.0004 0.0255 0.0347 0.0221
2005 5360 25 50 0 0 0.0022 0.2539 0.4709 0.1823 0 O 0  0.0205 0.0451 0.025
2006 6707 25 126 0 0 0.0021 0.1822 0.3484 0.199 0 0 0.0003 0.0498 0.1375 0.0807
2007 6125 25 37 0 0 0.0111 0.3574 0.3407 0.1714 0 0 0.0008 0.0247 0.0573 0.0366
2008 5766 25 21 0 0 0.0047 0.3512 0.3476 0.0668 0 0 0.0014 0.0895 0.0928 0.0461
2009 6026 25 39 0 0 0.0105 0.3445 0.3294 0.1339 0 0 0.0012 0.0768 0.0795 0.0242
2010 5902 25 44 0 0 0.0053 0.3855 0.3617 0.1095 0 O 0.0019 0.0546 0.0546 0.0271
2011 2552 25 64 0 0 0 0.0043 0317 03969 0 0 0.002 0.0611 0.0588 0.0212
Draft - Norton Sound Red King Crab Stock Assessment —May 11, 2012 26



Table 5. Summer Trawl Survey size/shell composition

New Shell Old Shell
Modeled Effect 94-  104- 114- 94-  104- 114-
Year Sample N N 74-83 84-93 103 113 123 124+ 74-83 84-93 103 13 123 124+
1976 1311 0.0214 0.1053 0.1915 0.3455 0.1831 0.0290 0.0046 0.0114 0.0252 0.032 0.0366 0.0145
1979 133 50 25 0.0151 0.0075 0.0301 0.0752 0.0827 0.0602 0 0.0075 0.0301 0.1203 0.3835 0.188

1982 256 50 22 0.0898 0.2031 0.2891 0.2109 0.0352 0.0078 0  0.0156 0.0195 0.043
1985 311 50 111 0.1190 0.2122 0.1865 0.1768 0.0643 0.0193 0 0 0.0193 0.0514
1988 306 50 20 0.22550.1405 0.1536 0.1275 0.0686 0.0392 0 0.0065 0.0131 0.0392
1991 250 50 33 0.0967 0.0223 0.0372 0.0743 0.0409 0.0223 0.0706 0.0297 0.0967 0.197
1996 196 50 28 0.2959 0.1786 0.1224 0.0816 0.0051 0.0153 0.0051 0.0357 0.0459 0.0612
1999 274 50 43 0.0109 0.1058 0.2993 0.2701 0.1314 0.0401 0 0.0036 0.0292 0.0511
2002 230 50 87 0.1261 0.1435 0.1565 0.0304 0.0348 0.0348 0.0304 0.0739 0.1087 0.0957
2006 208 50 48 0.32350.2614 0.1405 0.0752 0.0458 0.0294 0 0 0.0196 0.0458
2008 242 50 41 0.1743 0.2407 0.1286 0.112 0.0332 0.029 0.0083 0.0498 0.0705 0.0954
2010 68 34 177 0.1202 0.1366 0.2077 0.1257 0.1093 0.0437 0.0109 0.0328 0.082 0.071
2011 320 50 163 0.1282 0.0989 0.1282 0.2051 0.1612 0.0476 0.0037 0.0147 0.0256 0.0989

0.0234 0.0625
0.0868 0.0643
0.0882 0.098
0.1747 0.1375
0.0612 0.0918
0.0401 0.0182
0.0913 0.0739
0.0458 0.0131
0.0125 0.0456
0.0383 0.0219
0.0513 0.0366

Table 6. Summer Pot Survey size/shell composition

New Shell O1d Shell

Modeled Effect

Year Sample 74-83 84-93 94-103 104-113 114-123 124+ 74-83 84-93 94-103 104-113 114-123 124+

N N
1980 3619 50 25 0.0288 0.0241 0.0444 0.0956 0.2286 0.4575 0 0 0.0003 0.0072
1981 4588 50 58 0.2095 0.1899 0.0699 0.0642 0.0845 0.2398 0.0010 0.0048
1982 6354 50 275 0.1678 0.2220 0.2717 0.1190 0.0411 0.1129 0.0025 0.0145
1985 9900 50 83 0.1471 0.2088 0.2467 0.1385 0.1356 0.0644 0.0063 0.0283

S O O
oS O O

0.0506 0.0627
0.0339 0.1024
0.0157 0.0328
0.0202 0.0040
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Table 7. Winter pot survey size/shell composition

New Shell Old Shell
Modeled Effect 94-  104- 114- 94- 104- 114-

Year Sample N N 74-83 84-93 103 13 123 124+ 74-83 84-93 103 13 123 124+
1981/82 243 24 109 0.1481 0.3374 0.3169 0.1029 0.0288 0.0247 0 0 0.0041 0.0082 0.0082 0.0206
1982/83 2520 25 77  0.0855 0.2824 0.2854 0.2155 0.0706 0.0085 0 0 0.004 0.0194 0.0097 0.0189
1983/84 1655 25 213 0.1638 0.2626 0.2291 0.1502 0.0601 0.0057 0 0 0.0178 0.065 0.0329 0.0127
1984/85 773 25 45  0.0932 0.2589 0.3618 0.1586 0.057 0.0097 0 0 0.0065 0.0291 0.0239 0.0013
1985/86 568 25 59 0.1276 0.1831 0.2553 0.2025 0.0863 0.0132 0 0 0.015 0.0607 0.044 0.0123
1986/87 144 14 35 0.0556 0.1597 0.1944 0.0694 0.0417 0 0 0 0.0417 0.2986 0.1111 0.0278
1987/88
1988/89 492 25 81 0.1341 0.1514 0.1352 0.1941 0.1758 0.0346 0 0  0.002 0.0528 0.0854 0.0346
1989/90 2072 25 25 0.0495 0.2075 0.2616 0.1795 0.1221 0.0726 0 0 0.001 0.0263 0.056 0.0239
1990/91 1281 25 31  0.01250.0921 0.2857 0.2678 0.096 0.0109 0 0 0.0039 0.0265 0.1163 0.0882
1992/93 181 18 17 0.0055 0.0331 0.0552 0.1271 0.116 0.0276 0 0 0.0166 0.1934 0.2707 0.1547
1993/94
1994/95 850 25 10  0.0588 0.08 0.0988 0.2576 0.2341 0.0847 0 0 0.00350.0329 0.0718 0.0776
1995/96 776 25 147 0.1214 0.1835 0.1733 0.1022 0.0599 0.0265 0 0 0.01810.1214 0.1242 0.0695
1996/97 1582 25 32 0.2297 0.2351 0.1189 0.1568 0.1216 0.0676 0 0 0 0.0189 0.027 0.0243
1997/98 399 25 15  0.13950.4136 0.2653 0.0544 0.0236 0.0034 0 0 0.0238 0.0317 0.017 0.0272
1998/99 882 25 27 0.0192 0.1168 0.3566 0.3605 0.0838 0.0154 0 0 0.01 0.0223 0.0069 0.0085
1999/00 1308 25 339 0.0885 0.1062 0.1646 0.3345 0.1788 0.0372 0 0 0.0018 0.0513 0.023 0.0142
2000/01
2001/02 832 25 19  0.3136 0.2763 0.1761 0.0681 0.0668 0.0501 0 0 0.0077 0.0051 0.0154 0.0064
2002/03 826 25 85 0.0994 0.2236 0.2994 0.1801 0.0559 0.0261 0 0 0.0224 0.0273 0.0261 0.0273
2003/04 286 25 73 0.01750.1643 0.2622 0.3462 0.1119 0.0105 0 0 0.0175 0.021 0.014 0.0245
2004/05 406 16 135 0.0741 0.1407 0.1827 0.2173 0.1852 0.0765 0 0 0.00250.0395 0.0593 0.0173
2005/06 512 25 64  0.1406 0.2266 0.209 0.1563 0.0547 0.0215 0 0 0.0176 0.043 0.0742 0.0352
2006/07 160 16 37 0.1486 0.2095 0.3784 0.1419 0.0473 0 0 0 0.0068 0.0203 0.0405 0
2007/08 3482 25 50 0.1898 0.3219 0.1703 0.1479 0.0672 0.0083 0 0 0.0359 0.0339 0.0155 0.0092
2008/09 526 25 27  0.0706 0.1336 0.3511 0.2023 0.084 0.0134 0 0 0.0019 0.0382 0.0992 0.0057
2009/10 581 25 118  0.047 0.1357 0.2157 0.2452 0.113 0.0191 0 0 0.0591 0.1009 0.0539 0.0104
2010/11 597 24 155 0.0786 0.1368 0.2103 0.1744 0.1333 0.0513 0  0.0120 0.0325 0.1128 0.0462 0.0120
2011/12 676 25 89  0.11550.2340 0.1945 0.1246 0.1292 0.0456 0.0030 0.0030 0.0912 0.0532 0.0532 0.0350

Table 8. Summer commercial1987-1994 observer survey (Sub legal crab only)

New Shell Old Shell

Year Sample Moi;:led EfIE?Ct 84-93 94-103 104-113 114-123 124+ 74-83 84-93 94-103 104-113 114-123 124+
1987 1076 25 43 0.2026 0.3625 0.3522 0.0344 0 0 0 0  0.0437 0.0046 0
1988 712 25 16 0.052 0.184 0.4831 0.139 0 0 0 0 0.0969 0.0449 0
1989 911 25 83 0.2492 0.3392 0.2371 0.0274 0 0 0 0 0.1196 0.0274 0
1990 459 25 47 0.2702 0.3203 0.3028 0.0414 0 0 0 0  0.0588 0.0065 0
1992 515 25 430 0.21750.3592 0.332 0.0369 0 0 0 0  0.0447 0.0097 0
1994 726 25 81 0.1556 0.303 0.1736 0.0262 0 0 0 0 0.2824 0.0592 0
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Table 9. Growth matrix (proportion of crabs molting from a given pre-molt carapace length range into post-
molt length ranges) for Norton Sound male red king crab. Length is measured as mm CL. Results are
derived from mark-recapture and winter tagging data from 1980 to 2007.

Pre-molt Post-molt Length Class

Length Mean 74-  84- 94- 104- 114- 104+
Class  weight (Ib) 83 93 103 113 123
74-83 0.854 0 033 0.67 0 0 0

84-93 1.210 0 0.56 0.44 0 0
94-103 1.652 0 0.76  0.24 0
104-113 2.187 0 0.18 0.61 0.21
114-123 2.825 0 0 0.33  0.67

124+ 3.697 0 0 0 1.00

S O O O O
S O O O
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Table 10. Estimated selectivities, molting probabilities, and proportions of legal crabs by length (mm CL)
class for Norton Sound male red king crab.

Selectivity

Length Proportion =~ Summer  Summer Winter Summer Fishery Molting
Class of Legal Trawl Pot Pot 77-92 93-11 Probability
74 - 83 0.00 1.00 0.57 0.57 0.19 0.01 1.00
84 - 93 0.00 1.00 0.86 1.00 0.31 0.05 0.92
94 -103 0.26 1.00° 1.00" 1.00° 0.47 0.22 0.85
104 - 113 0.97 1.00° 1.00° 1.00° 0.70 0.63 0.78
114 - 123 0.99 1.00° 1.00° 1.00° 1.00° 1.00° 0.71
124+ 1.00 1.00° 1.00° 0.32 1.00 1.00 0.65

*: Assumed to be 1.0

1 -
0.8 -
0.6 -
Trawl ‘\
0.4 - = « Summer pot \
\
= = = Winter pot \
e Commercial 77-92
0.2 - seeeee Commercial 93-11
Molting prob
0 T T T T T 1
78.5 88.5 98.5 108.5 118.5 128.5
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Table 11. Summary of parameter estimates for a length-based stock synthesis population model of Norton

Sound red king crab.

Model 12

Parameter | Value | Std | Parameter | Value Std
log N7 | 8.93 | 0.08 | log Ry 0.92 0.31
log mean | 598 | 0.23 | log Ry 0.26 0.38
log Ry 148 | 032 | log Ry 0.46 0.34
log R;gs | -3.89 | 3.10
log Ry | -2.43 | 1.07 rl 0.61 0.03
log Rgo | -0.89 | 0.47 log g, -11.34 0.08
log Rg; 1.23 | 0.26 log g» -10.86 0.09
log R32 0.70 0.30
log Rs3 0.96 | 0.33 log_¢ -2.99 0.41
log Rg4 144 1027 | log ay 4.87 0.35
log Rgs 0.79 | 0.31 log ¢ -1.82 0.17
log Rgs 0.67 1034 | log w 4.68 0.02
log Rgs 0.33 | 0.33
log Rgg | -0.11 | 0.32
log Ryg | -0.19 | 0.32 log « -4.47 0.15
log Ro; | -0.59 | 0.39 log 0.55 0.62
log Ro, | -0.21 | 0.38 | log dy -1.34 | 291.72
log Ro; | -1.46 | 0.81 | log ay 1.67 | 1312.50
log Ry, 022 | 029 | log & -2.42 1.60
log Ros | -0.82 | 045 | log wy 4.24 0.28
log Ros | -0.36 | 0.30 | log 4w | 0.64 | 263.97
log Ry, -0.23 1 0.33 | log @y 4.36 0.54
log Rog 0.93 | 0.25 Sw 0.32 0.06
log R99 -2.23 0.97
log Ry -0.25 | 0.42
log Ry 0.61 | 0.31
log Ry, 0.63 | 0.29
log Rys 0.62 | 0.33
log Rgy -0.64 | 0.71
log Rys 0.09 | 0.35
log Rge 0.84 | 0.27
log Ry 0.16 | 0.37
log Ryg 099 | 0.27
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Table 12. Annual abundance estimates (million crabs) and mature male biomass (MMB, million 1bs) for
Norton Sound red king crab estimated by length-based analysis from 1976-2011.
Model 12

Abundance Legal (> 104 mm) | MMB
Total Matures
Year | Recruits (>74mm) (=94 mm) Abundance  S.D Biomass S.D Biomass S.D.
1976 1.74 7.47 6.51 520 042 12.70  1.02 1491 1.19
1977 0.01 7.57 5.85 530 042 1442 1.10 15.39 1.19
1978 0.03 5.63 5.31 457 0.29 13.10 0.88 14.37 0.80
1979 0.16 3.67 3.62 339 0.17 9.99 0.55 10.40 0.55
1980 1.35 2.05 1.89 1.83  0.12 5.62 0.37 573 037
1981 0.80 243 1.15 1.08 0.08 342 025 3.54 0.26
1982 1.03 2.30 1.32 0.84 0.07 224 0.20 3.04 026
1983 1.67 2.71 1.60 1.18 0.10 295 0.24 3.67 031
1984 0.87 3.60 1.86 1.39 0.12 3.52 029 432 037
1985 0.77 3.58 2.46 1.74 0.14 440 0.36 5.59 0.44
1986 0.55 3.43 2.54 2.03 0.16 526 042 6.13 049
1987 0.35 3.07 2.41 2.00 0.16 540 043 6.09 048
1988 0.39 2.60 2.17 1.86 0.15 519 041 572 0.44
1989 0.33 2.25 1.82 1.61 0.12 463 0.36 499 038
1990 0.22 1.90 1.52 1.33 0.10 3.88 0.30 421 032
1991 0.32 1.55 1.28 1.11  0.09 325 025 3.54 0.27
1992 0.09 1.41 1.07 0.95 0.07 2.79 0.21 3.00 0.22
1993 0.49 1.10 0.96 0.81 0.06 237 0.16 2.61 0.18
1994 0.17 1.17 0.69 0.62 0.05 1.79 0.14 1.92 0.15
1995 0.28 0.96 0.71 0.52  0.04 144 0.12 1.75 0.14
1996 0.31 0.92 0.62 0.51 0.04 1.34 0.11 1.54 0.13
1997 1.00 0.95 0.61 0.48 0.04 1.28 0.11 1.50 0.13
1998 0.04 1.64 0.65 0.51 0.05 1.36 0.12 1.60 0.15
1999 0.31 1.34 1.12 0.73  0.06 1.83 0.15 248 0.19
2000 0.73 1.33 1.03 0.89 0.07 234 0.18 2.57 0.20
2001 0.75 1.63 0.89 0.76  0.06 2.09 0.17 232 0.19
2002 0.73 1.89 1.06 0.77 0.06 2.04 0.17 254 021
2003 0.21 2.10 1.28 093 0.07 238 0.19 297 0.23
2004 0.43 1.80 1.46 1.11  0.08 2.84 0.21 344 0.26
2005 0.92 1.71 1.27 1.09 0.09 292 023 323 025
2006 0.46 2.07 1.14 0.94 0.08 2.61 021 294 0.24
2007 1.07 1.93 1.33 0.96 0.08 252 021 3.14 025
2008 0.99 241 1.33 1.05 0.09 275 0.23 321 026
2009 0.52 2.72 1.60 1.16 0.09 298 0.24 373 029
2010 0.63 2.52 1.86 1.38 0.11 3.52 027 432 033
2011 0.73 245 1.77 1.45 0.12 3.82 032 436 0.37
2012 2.48 1.68 1.38 0.13 3.74 0.35 425 0.39
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Table 13. Summary of catch and bycatch (million Ibs) for Norton Sound red king crab. The bycatch
(discards) is estimated from the model. Summer commercial catches are from ADF&G fish ticket database
during 1985-2009 and from Menard et al. (2011) during 1977 to 1984. Winter commercial and subsistence
catches are from ADF&G permit reporting and average weight of 2.5 1bs for the winter commercial catch
and 2.0 1bs for the subsistence catch were assumed to estimate total weight.

Model 12
Year Summer Winter Subsistence  Bycatch/ Total Catch/MMB
discards
1977 0.52 0.024 0.025 0.005 0.57 0.04
1978 2.09 0.001 0.000 0.010 2.10 0.15
1979 293 0.000 0.000 0.009 2.94 0.28
1980 1.19 0.000 0.001 0.004 1.19 0.21
1981 1.38 0.000 0.003 0.029 1.41 0.40
1982 0.23 0.001 0.021 0.010 0.26 0.09
1983 0.37 0.002 0.022 0.016 0.41 0.11
1984 0.39 0.003 0.017 0.017 0.43 0.10
1985 0.43 0.005 0.014 0.015 0.46 0.08
1986 0.48 0.003 0.012 0.011 0.51 0.08
1987 0.33 0.001 0.005 0.005 0.34 0.06
1988 0.24 0.001 0.012 0.003 0.26 0.04
1989 0.25 0.009 0.024 0.003 0.29 0.06
1990 0.19 0.010 0.015 0.002 0.22 0.05
1991 0 0.019 0.023 0.000 0.04 0.01
1992 0.07 0.004 0.002 0.001 0.08 0.03
1993 0.33 0.014 0.008 0.002 0.35 0.14
1994 0.32 0.019 0.011 0.002 0.35 0.18
1995 0.32 0.004 0.003 0.003 0.33 0.19
1996 0.22 0.000 0.001 0.002 0.22 0.14
1997 0.09 0.002 0.017 0.001 0.11 0.07
1998 0.03 0.007 0.015 0.000 0.05 0.03
1999 0.02 0.008 0.011 0.000 0.04 0.02
2000 0.3 0.003 0.001 0.002 0.31 0.12
2001 0.28 0.006 0.004 0.002 0.29 0.13
2002 0.25 0.017 0.008 0.003 0.28 0.11
2003 0.26 0.001 0.002 0.003 0.27 0.09
2004 0.34 0.005 0.008 0.004 0.36 0.10
2005 0.4 0.000 0.002 0.003 0.41 0.13
2006 0.45 0.008 0.021 0.004 0.48 0.16
2007 0.31 0.014 0.019 0.004 0.35 0.11
2008 0.39 0.012 0.010 0.005 0.42 0.13
2009 0.4 0.012 0.014 0.005 0.43 0.12
2010 0.42 0.008 0.013 0.005 0.45 0.10
2011 0.4 0.011 0.018 0.003 0.43 0.10
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Figure 1. King crab fishing districts and sections of Statistical Area Q.
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Figure 4. Estimated abundance of total (crabs > 74 mm CL), legal male, and recruits from 1976-2012.
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Figure 6. Total catch and predicted harvest rate time series. Note that harvest rate during the 2000-
201 1peiriods exceeded 0.1 (10%) despite that the GHL was set to maximum 10%. This is largely
due to higher model predicted biomass estimate at the time of assessment.
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king crab from June 1, 1976 to May 31, 2011. Hmsy is a proxy MSY harvest rate corresponding to
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Figure 9. Observed (with 95% C.I. ) and estimated Norton Sound red king crab abundances by summer
trawl survey.
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commercial harvest length: observed vs predicted
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Figure 10. Observed and predicted length composition for summer commercial pot fishery.
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Winter pot length: observed vs predicted
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Figure 11. Observed and predicted length composition for winter pot survey.
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Trawl length: observed vs predicted
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Figure 12. Observed and predicted length composition for summer trawl survey, summer pot, and summer
observer surveys.
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Figure 13. Bubble residual plots of catch length (mm) compositions by year for summer commercial catch, summer trawl,
summer pot, and winter pot survey for Norton Sound red king crab. Solid circles are positive residuals (i.e.,
modeled proportion is lower than observed proportion), and open circles are negative residuals (i.e., modeled
proportion is higher than observed proportion). Larger circle indicates larger residuals.
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Figure 14. Hindcast model predicted (Red) and retrospect (Black) estimates of legal male abundance of
Norton Sound red king crab from 1976 to 2011. Extremely different trajectories for some years are

caused by failure of the model converging. When the model estimates and predictions are stable,
all lines should be close to each other.
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Appendix A. Description of the Norton Sound Red King Crab Model

a. Model description.

The model is an extension of the length-based model developed by Zheng et al. (1998) for Norton Sound
red king crab. The model has 6 length classes with model parameters estimated by the maximum
likelihood method. The model estimates abundances of crabs with CL >74 mm and with 10-mm length
intervals because few crabs with CL <74 mm were caught during surveys or fisheries and there were
relatively small sample sizes for trawl and winter pot surveys. The model was made for newshell and
oldshell male crabs separately, but assumed they have the same molting probability and natural
mortality.

Summer crab abundance on July 1"

Summer crab abundance of the t-th year of the length new and old shell of /-th length class before the
summer commercial fishery, is the survivors of winter crab from fishery and natural mortality

)8-0,417M,

Ny ™ ( Nysi-1~ Cu Pt = Crit Py i )
— A A -0.417 M,
Os,l,t - (Ow,l,t—l - Cw,t PW’U’Z‘[_I - Cp,l—l Pp,o,l,t—l) e !

where

N1t 5 O, : summer abundances of newshell and oldshell crabs in length class / in year ¢

Ny, Oy, :winter abundances of newshell and oldshell crabs in length class / in year ¢

C,», Gy, : total winter and subsistence catches in year ¢,

Py nis Py - Length proportion of winter and subsistence catches for newshell crabs for length class / in
year ¢

Py 015 Ppoi : length compositions of winter and subsistence catches for oldshell crabs in length class / in
year ¢

M, : instantaneous natural mortality in length class /, constant for all sizes and shell conditions except for the
last length class, in which M is 60% higher than the other classes.

0.417 : proportion of the year from Feb. 1 to July 1 is 5 months, or 0.417

Winter crab abundance on February 1

Abundance of newshell crab of the #-th year and /-th length class (N,,;, ), is opulation that molted to become
[-th length class minus /-th length class harvested by summer commercial fishery and discards)

the combined result of growth, molting probability, summer commercial harvests, mortality, and
recruitment from the summer population:

I'=1

Nw,l,t = Z [Gl',l ((Ns,l',t + OS,I',t)e_y(‘M/ - Cs,t (ﬁs,n,l',t + ﬁs,o,l',t) - Dl',[ ) m,r e-(0»583-yc)M1] + Rl,t (2)

=1

Winter abundance of oldshell crabs Oy, is the non-molting portion of survivors of crabs from summer:

OW,I,I = [(Ns,l,[ + O‘Y,l,t)e_yCMl - CS,I (ﬁs,n,[,[ + ﬁs,o,[,t) - Dl,t] (] - m])e-(0.583_yC)M] (3)
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where

Gy, : a growth matrix representing the expected proportion of crabs molting from length class /' to length
class /,

C;,: total summer catch in year ¢,

Ps1i, Pso10: Compositions of summer catch for newshell and oldshell crabs in length class / in year ¢,
Dy, discards of length class / in year ¢,

m; : molting probability in length class /,

V. : the time in year from July 1 to the mid-point of the summer fishery

0.583: Proportion of the year from July 1 to Feb. 1 is 7 months, or 0.583 year

R, recruitment into length class / in year z.

Molting Probability

Molting probability for length class /, m;, was calculated using a reverse logistic function fitted as a function
of length and time (Balsiger's 1974)

1

m,=1- —] T

4)

where
a and fare parameters, and 7 is the mid-length of length class /.
m; was re-scaled such that m; = 1.

Discards

In summer commercial fisheries, sublegal males (<4.75 inch CW or <5.0 inch CW since 2005) are not
retained, but are sorted and discarded. Those discarded crabs are subject to handling mortality. Due to
lack of data, we assumed discards mortality to be 0.2.

Discards of length class / in year ¢ from the commercial pot fishery were estimated as:
D,=(N,,,+0,,)S,,(1-L)hm[C,, /ZI: (N,,,+0,,)L] 5)

where

hm: handling mortality rate assumed to be 0.2

L; : the proportion of legal males in length class /.

Reflecting the change of commercial acceptable crab size since 2005, proportion of legal males in the length class 4, was
calculated as p4L4. Where py is the proportion of commercially acceptable crab among legal crab of the length class 4. p, was
estimated from the model.

Ss.1: Selectivity of the summer commercial fishery.
Selectivities

Selectivity of length class / for summer commercial fishery ( Ss;), summer trawl survey ( S;;;), summer pot

Draft - Norton Sound Red King Crab Stock Assessment —May 11, 2012 49



survey (S,,), winter pot survey (S,,;), were calculated using a logistic function with parameters ¢ and o,
where i is the mid-length of the length class /.

1

Si=7% )

(6)

For summer commercial fisheries, S;; was re-scaled such that S5 =1 and S;s < 1. Three sets of parameters
(@1, 1), (¢, @), (@5, w3) were estimated for selectivities: 1) before 1993, and 2) 1933 to 2011 reflecting
changes in fisheries, and crab pot configurations.

For winter pot survey and harvest selectivity (Sy,;), Sy.; and S,,,» were estimated using the equation (6), S, 3
- S,.5 were assumed to be 1, and S,,s was directly estimated from the model.

For summer pot survey selectivity (S, ), Sy,; and S, > were estimated using the equation (6), and S, 3.6
were assumed to be 1.

For summer trawl survey selectivity (Sy;), Ss; and S, > were estimated using the equation (6), and Sy ;.6
were assumed to be 1,

Estimation of Recruitment

We modeled recruitment of year ¢, R,, as a stochastic process around the mean, Ry:

R/ = Roert 5T~ N(an-;) (7)

R, was assumed to come from only length classes 1 (R;,) and 2 (R;,) , and was calculated as
R::=TVR;

Rs,= (1- r)Rt

where 7 is a parameter with a value less than or equal to 1. R;; =0 when /> 3.

(®)

Estimates of survey abundances
Summer trawl survey abundance

Abundance of #-th year trawl survey was estimated by subtracting population of July 1* abundance minus
summer commercial fisheries harvested by before trawl survey, multiplied by selectivity of trawl.

D — —yeM - i ~(Vy=ye )M,
Bst,t - Z[(Ns,l,t + Os,l,t)e e — Cs,t(Ps,n,l',t +Ps,o,l',t)Pc,t ]e e XSMJ (9)
i

Where

Vg © the time in year from July 1 to the mid-point of the summer trawl survey.

(vst > y.: Trawl survey starts after opening of commercial fisheries)

P., : proportion of summer commercial crab harvested by trawl survey before the survey.

Summer pot survey abundance

Abundance of ¢-th year pot survey was estimated as
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B, =Y I(N,,+0,,)e""s,, (10)
!

Where
Vp : the time in year from July 1 to the mid-point of the summer trawl survey.

Estimates of length composition
Winter commercial catch

Length compositions of winter commercial catch (Py, s, Pyw,0,1,) for length / in year ¢ were estimated from
the winter population, winter pot selectivity, and proportion of legal crabs for each length class as:

ﬁw,n,l,t =N w,Lt S w,lLl / z[ (N wie + OW,I,z) S w,lLl ]
=3
(11)
Proosi = OuwisSuuLy 1D (N + 00 )S, L ]
=3

Where S,,,, 1s an extra selectivity multiplier for old shell crabs.
Winter subsistence catch
Subsistence fishery does not have a size limit; however, crabs of size smaller than length class 3 are

generally not retained. Hence, we assumed proportion of length composition /=1 and 2 as 0, and
estimated length compositions (/> 3) as follows

ﬁp,n,l,t = Nw,l,t Sw,] /Z[(Nw,l,t + Ow,l,t)Sw,l]
=3

(12)
f)p,o,l,t = Ow,l,t Sw,l /Z[(Nw,l,t + Ow,l,t)SWJ]
1=3

Winter pot survey

The above equations were also used to calculate length compositions of winter pot survey for newshell and
oldshell crabs, Py, ,;:and Pgy,01: (1> 1).

ﬁsw,n,l,t = NW,l.t Swjl / Z[(Nw,l,t + OW,I,I)SW,]]
I

(13)
PSW,(),l,t = Ow,l,t SW’] / Z[(NW,I,Z + OW,I,I)Swj[]
i

Summer commercial catch

Length compositions of the summer commercial catch for new and old shell crabs P, ;,and Ps,;,, were
calculated based on summer population, selectivity, and legal abundance;
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Ps,n,l,t - NSJJ SS,ILI /At

A (14)
Pooi=0s0S,L 1 4,
Where 4, is exploitable legal abundance in year ¢, estimated as
At = Z[(Ns,l,z + Os,l,t)Ss,lej (15)
!
Observer discards
Length/shell compositions of Observer discards in 87-90, 92, 94 were estimated as
ﬁb,n,[,t = Ns,l,t Ss,l (] - Ll ) / Z [(Ns,l,t + OS,I,I)SS,I (1 - Ll )]
: (16)

ﬁb,o,l,t = Os,/,t Ss,l (1 - Ll)/Z[(Ns,I,t + Os,l,z)Ss,/ (] - L[ )]
i

Summer pre-season survey (1976)

The same selectivity for the summer commercial fishery was applied to the summer pre-season survey,
resulting in estimated length compositions for both newshell and oldshell crabs as:

Issf,n,[,z = Ns,l,t Ss,l /Z[(NSJ,I + OS,l,l)Ss,l]
/

(17)
Psf,o,[’t = OS,[,t Ss,[ /Z[(NS,Z,t + OS,l,t)Ss,[]
]
Summer pot survey (1980-82, §85)
The length/shell condition compositions of summer pot survey were estimated as
ﬁsp,}’l,l,l = NS,Z,Z Ssp,[ /Z[(Ns,l,t + OS,I,Z‘)SSP,[]
]
(18)

}Ssp,o,],[ = OS,l,t Ssp,[ /Z[(Ns,l,l‘ + OS,Z,[)SSP’[]
!

Summer trawl survey

Some trawl surveys occurred during the molting period, and thus we combined the length compositions of
newshell and oldshell crabs as one single shell condition, Py, ;,, and were estimated as

ﬁsl,,l,t = Ny Sst,l /Z[(Ns,l,t + OS,I,t)SS;,J] (19)
!

Estimation of summer commercial fishing effort

Summer commercial fishing effort (f;), the number of pot-lifts, was calculated as total summer catch, C,,
divided by the product of catchability coefficient ¢ and mean exploitable abundance:
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f,=C/l[q(4-05C,)] 20)
Because fishing fleet and pot limit configuration changed in 1993 and 2008, ¢, is for fishing efforts before
1993, ¢, is from 1994 to present.
b. Software used: AD Model Builder (Otter Research Ltd. 1994).
c. Likelihood components.

Under assumptions that measurement errors of annual total survey abundances and summer commercial
fishing efforts follow lognormal distributions and each type of length composition has a multinomial
error structure (Fournier and Archibald 1982; Methot 1989), the log-likelihood function is:

i=5 t=n; 1=6 t=n;

2K 2By In( Pyt &)= [In( B+ K )-In( By, + )] /2% In(CV; +1))

=1 t=1 =1 t=1

—W D In( F +Kx)-In( f+x)]F =W D 1}

(21)

Iwhere

i: length/shell compositions of :
1 triennial summer trawl survey
2 summer pot survey (1980-82, 85)
3 annual winter pot survey
4 summer commercial fishery
5 observer bycatch during the summer fishery

n;: the number of years in which data set 7 is available

K. the effective sample size of length/shell compositions for data set i in year ¢

P;;; : observed and estimated length compositions for data set 7, length class /, and year ¢
In this, while observation and estimation were made for oldshell and newshell separately, both
were combined for likelihood calculations.

K : a constant equal to 0.001

CV : coefficient of variation for the survey abundance. CV for summer pot survey was assumed 0.34

Bix;: observed and estimated annual total abundances for data set i and year ¢

Wy : the weighting factor of the summer fishing effort

f; : observed and estimated summer fishing efforts

Wk : the weighting factor of recruitment.

It is generally believed that total annual commercial crab catches in Alaska are fairly accurately reported.
Thus, no measurement error was imposed on total annual catch. Variances for total survey abundances
and summer fishing effort were not estimated; rather, we used weighting factors to reflect these
variances.

d. Population state in year 1.

Length and shell compositions from the first year (1976) summer trawl survey data approximated the true
relative compositions.

e. Parameter estimation framework:
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1. Parameters Estimated Independently

The following parameters were estimated independently: natural mortality (M =0.18), proportions
of legal males by length group, and the growth matrix.

Natural mortality was based on an assumed maximum age, ¢, and the 1% rule (Zheng 2005):

where p is the proportion of animals that reach the maximum age and is assumed to be 0.01 for the
1% rule (Shepherd and Breen 1992, Clarke et al. 2003). The maximum age of 25, which was used
to estimate M for U.S. federal overfishing limits for red king crab stocks (NPFMC 2007) results in
an estimated M of 0.18. Among the 199 recovered crabs from the tagging returns during 1991-2007
in Norton Sound, the longest time at liberty was 6 years and 4 months from a crab tagged at 85 mm
CL. The crab was below the mature size and was likely less than 6 years old when tagged.
Therefore, the maximum age from tagging data is about 12, which does not support the maximum
age of 25 chosen by the CPT.

Proportions of legal males (CW > 4.75 inches) by length group were estimated from the ADF&G
trawl data 1996-2011 (Table 8).

Mean growth increment per molt, standard deviation for each pre-molt length class, and the growth
matrix (Table 8), were estimated from tagging surveys conducted in summer 1981-1985, and winter
1981-present. In summer 1981-1985 study legal and sublegal males captured by the survey pots were
tagged, and in the1981-present winter survey, sublegal males were tagged. All tagged crabs were
recaptured by summer and winter commercial/subsistence fisheries.

ii. Parameters Estimated Conditionally

Estimated parameters are listed in Table 5. Selectivity and molting probabilities based on these
estimated parameters are summarized in Table 4 (also in the primary document).

A likelihood approach was used to estimate parameters, which include fishing catchability,
parameters for selectivities of survey and fishing gears and for molting probabilities, recruits each
year (except the first and the last years), and total abundance in the first year (Table 5).

Crabs usually aggregate, and this increases the uncertainty in survey estimates of abundance. To
reduce the effect of aggregation, annual total sample sizes for summer trawl and pot survey data
sets were reduced to 50% and all other sample sizes were reduced to 10%. Also, annual effective
sample sizes were capped at 200 for summer trawl and pot surveys and 100 for the other data to
avoid overweighting the data with a large sample size (Fournier and Archibald 1982). Weighting
factors represent prior assumptions about the accuracy or the variances of the observed data or
random variables. W, was set to be 20, and Wy was set to be 0.01. According to the fishery
manager, the estimate of fishing effort in 1992 was not as reliable as in the other years (C. Lean,
ADF&G, personal communication). Thus, we weighted the effort in 1992 half as much as in the
other years. W,and maximum effective sample size was investigated.

To reduce the number of parameters, we assumed that length and shell compositions from the first year
(1976) summer trawl survey data approximated the true relative compositions. Abundances by length
and shell condition in all other years were computed recursively from abundances by length and shell
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condition in the first year and by annual recruitment, catch, and model parameters. Initial parameter
estimates were an educated guess based on observation and current knowledge.
f. Definition of model outputs.

1. Mature Male Biomass (MMB): defined as those 94 mm carapace length and above (size classes 3 to
6). The mean weights for size classes 1-6 are 0.854, 1.210, 1.652, 2.187, 2.825 and 3.697 Ibs.

ii. Projected Legal Male Biomass for OFL calculation: defined as the number of crab on July 1% 2012
of size class greater than 94mm (N,+0Oy;), multiplied by commercial pot selectivity(Sy;), proportion
of legal crab (L;), and mean weight b (w,)

Legal B = Z (Nyy+05,)S, . Liwm,
]
iil. Recruitment: the number of males in the 1st two length classes.

1v. Fishing mortality: applied as an annual exploitation rate to the legal segment of the stock per
equations 2 and 3 (above), including bycatch mortality according to equation 4 (above).
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Appendix B: Sensitivity Analyses of Model Assumptions.

The model has several assumptions:
1. M for the length class 6 is 1.6 (ms6 = 1.6) times higher
2 Weight for commercial catch efforts (lamc) is 20.
3. The maximum sample size for length classes (maxss) is 200
4

Instantaneous natural mortality M 1s 0.18 for all length class, except for the last length
group (> 123mm). M is constant over time.

The assumption of 1 was not fully based on biological facts, but are efforts to improve model fits. The
parameter values were selected without detailed diagnoses. Hence, we chose those for further analyses.

The assumptions 2 and 3: Selections of weights are to some extent arbitrary, based on authors’ beliefs
on which datasets are more reliable than others. In this round, we chose to examine commercial catch
efforts (lamc) and the maximum sample size for length classes (maxss). In the Norton Sound red king
crab assessment, abundance survey is conducted triennially, so that model projection is heavily relied
upon commercial catch and length size compositions. Reliability of those data are unknown.

The assumption 4 is default value adopted by the CPT; however, no data exist on appropriateness of this
value for NSRKC. Adoption of M=0.18 also lead to an inclusion of the assumptions of 1 (higher
mortality for the length class 6). Hence, we evaluated appropriateness of the M=0.18 assumption in two
ways: 1) change M with assumptions 1 (i.e., ms6 =1.6), and 2) change M without assumptions 1 and 2
(i.e., ms6 =1).

In this section, we conducted sensitivity analyses of the above factors. We examined change of total and
individual likelihood component associated with changing of values of the assumed parameters.

Note:

In conducting this analyses, likelihood of some components became extremely high or extremely low.
This is primarily caused by model failing to converge and can be fixed by changing initial value,
parameter search bounds. However, because this analysis was more focused on searching more likely
parameter values for choice of alternative model configurations, no attempts were made to correct this
convergence issue.
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B1. Sensitivity analyses on ms6

The ms6 parameters was included to explain the low proportion the last length class. The ms6 assumes
high mortality of the length class, whereas slt6 assumes that they are not observed from trawl survey.
By setting slt6 = 1.0, we re-evaluated possible range of ms6. At the reasonable range of 1.0 to 5.0 (M6
= 0.18 — 0.8), total negative likelihood became stable at ms6 = 3.6-4.0. Likelihood of trawl and pot
survey, winter pot size, and recruits seemed to reach minimum at 2.0-2.2 range. From this, ms6 = 3.6
was selected for further analyses.
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B3. Changing commercial catch effort: lamc

Currently, the default commercial catch effort is 20. We examined sensitivities of the weight by changing
weight from 10 to 200. As expected, likelihood of commercial catch effort kept dropping. While
likelihoods are minimalized at weight 20-30 for trawl and pot survey, likelihood of recruits was minimized
at weight120. From this, we chose lamc =50 and100 for further diagnoses.

Total negative log likelihood Trawl survey Pot survey
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Figure B3: commercial trawl weight sensitivity changed from 10 to 200 (x-axis) and corresponding likelihood components.
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B4. Changing size sample weight: maxss

Currently, the default maximum sample size was set 200. We examined effects of sample size on total
likelihood. The results suggests that lowering maxss would improve the model fit. The model failed to
converge well on maxss = 60, As such, we examined maxss = 100, maxss =50, and maxss = 10.
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Figure B4: weight sensitivity changed from 10 to 200 (x-axis) and corresponding likelihood components.
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B5. Sensitivity analyses of M with ms6 = 1.6

In the reasonable range of M 0.1 — 0.6, total likelihood was minimized at M = 0.32, compared to the
baseline M = 0.18. For individual likelihood component, trawl survey, pot survey, and recruits
likelithoods were minimized at M=0.2-0.26. On the other hand, summer pot, winter pot, and summer
commercial size likelihoods were minimized at M=0.3-0.4 range. From this, M = 0.32 was selected for
further analyses.
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Figure BS. Likelihood profile for M changing from 0.03 to 0.6
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B6. Sensitivity analysis for M, ms6 =1

The assumptions of high mortality and low trawl selectivity of the length class 6 (ms6, slt6) was
intended to improve the model fit under the assumption of M= 0.18. In this sensitivity analysis, we set
ms6 and slt6 to 1.0, and examined the effects of changing M. In the reasonable range of M 0.1 — 0.5,
total likelihood was minimized at M = 0.4. For individual likelihood component, trawl survey, pot
survey, and recruits likelihoods were minimized at M=0.2-0.26. We chose M=0.4 for further analyses.
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Figure B6: weight sensitivity M changed 0.1 to 0.5 (x-axis) and corresponding likelihood components, slt6 = ms6 = 1.
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Appendix C: Retrospective analyses various model configurations.
See Model selection and evaluation section for details of alternative models.

Note:

In conducting this analyses, trajectory of some years became extremely different from other years. This is
primarily caused by model failing to converge and can be fixed by changing initial value, parameter search
bounds. However, because this analysis was more focused on searching more likely parameter values for
choice of alternative model configurations, no attempts were made to correct this convergence issue.
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Appendix D

Estimates of crab abundance, residual analyses for selected candidate models
Model 0: 2011 model

Total Crab Abundance (million)

Effort (1000 pot lifts)
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commercial harvest length: observed vs predicted

Winter pot length: observed vs predicted

e e b e e Te < | 1981 < < | 1983 < | 1984 < | 1985 <
S 1977 S 1978 S 1979 S 1980 te 1981 S 11982 . 3 3 it b1 . 3 it
© ) ) ™ 4 ’ . ’ . _ .-~
3 2 3 3 ~ 3 3 ot IR AN 9 AR At NEEE A N 8
/ e 4 I3 S v BN
3 o 3 3 o o Ly 3 s+ o o e O s o o
5 5 5 S =¥ 5 5 5 5 5 5 5
123456 123456 123456 123456 123456 123456 123456
S {1983 S {1984 & {1985 S {1986 S {1987 = 3 {1088 2 3 {1990 3w |3 it
7. / * .
© & ) /e © © L] © o~ o~ ~ P N ] o~ o~
o ; ~-© ;, .0 o /! N, © o o S o ’ \ o S oS
° ~ ‘o ~ ) ) ~ ‘g { o ° ° o k* ‘o o o
S X S X s S S =T s 5 s s * 5 IS s
123456 123456 123456 123456 123456 123456 123456 123456 123456
© © © © © ©
S 11989 . ° S 11992 S 11993 S 11994 S 11995 I 9% 2 2 1998! . 3 {199 2 3 {2001 3
© i@ o @ o o . ~ ~ ~ N o N N ~
=] . S o o S o > =1 S S / N =] A % o S
/ ’ . w L >
o < o o o o o Lo o o o M o [© 3o o
S et s s 5 S 5 5 S 5 5 S
123456 123456
= = @ = = @ < < < < < <
3 {1996 3 S {1908 3 11999 .° 2000 S 2 3 {2004 3 {2005 h 3 20.07 3 A
I [ o« P ) ATNE] ] ~ o e & o~ Lrcas o~ e
3 e S S STty o I8 S /o 3 s K S S s T L s 1. e
/ ! ! ’ . < ‘e RN K'*
o r o o lo* o - o < o ) o I o ) o » o
=T e e e e A= o e e e e = o e e L= T i e s o o S S st trrT—TT T rrrrrrTs tr—rTtS r—rT T35 T
123456 123456 123456 123456 123456 123456 123456 123456
2 2002 = 2 2 {2005 . S {2006 2 3 Q209 3 3 {21
© Lt o ™ ) 1) ™ L3N <
3 o3 3 3 3 3 S1 < W 8 S {5
g \
o / K P .
S ke s S S s s S s LI S
123456 123456 123456 123456 123456 123456 123456 123456
© © © ©
S 12008 S S ]z010 S 2011
« LA o «
s N N 5] s
! .
o o =] o
S ¥ r——o S ¥ r—— o
123456 123456 123456 123456
1:74-83, 2: 84-93, 3: 94-103, 4: 104-113, 5: 114-123, 6: >124 1:74-83, 2: 84-93, 3: 94-103, 4: 104-113, 5: 114-123, 6: >124
Trawl length: observed vs predicted
Commercial Harvest
3 3 1979 g free2 3 Ja0ss 3 ]10ss N XY X1 @ 0000000 TS o0 o YR
N 21 halere s 5 2] eiet0ieLets: sesetotiorsreNe
v 2 o o PIATS - °c 00 @ . ° e Y . o+« @« @00 . 3
o o Fad =1 AN s - =] e e, o e« - - 0o o o . - eee « 0 + s s 00 s o o .
o " Se-e - - PRV
o S joe- o ° o
3 3 3 3 5 - PP PR L P )
123456 123456 123456 123456 ! ! ! ! ! ! ! !
1975 1980 1985 1990 1995 2000 2005 2010
< < | 1909 < ] 2002 < ] 2006 < | 2008 < )
= o . ] N o ] Winter Pot Survey
o
N N N [N B I N ~ o~ , . . o o ° . . Py @ * @ - o o . s 0 @ -
e ° J v S B Taea_y © o © Sk~ N w0 - 0o o o . o @ @+ e000 00O = °
o o k7 * o o s o o s - ° ° ° . + ® ®°:-0@ss Ooseo °
=} o =] =} =} =] ™ - . . * ° ) O Os+s0@ « - o e * .
B LY . . «+ 0 Ooco@o s < v @ Y
123456 123456 123456 123456 123456 - .0 o o eo0o o - oeocs+e @+ -0 .
T T T T T T
<
S 1975 1980 1985 1990 1995 2000
S Traw! Survey
- . o ) . ° o ° o . o . ° o
2 w- @ . Y o . . . ° o ..
' . o ® . 1) . s . o e .
Pot length: observed vs predicted I . . o . o . e T . o
- B . o . o o . ° . o
< ] 1980 < | 1981 < J1982 < |1985 ad . . o o ® ® ® - o e o0 e -
° re ° e ° T T T T T T T T
S /! R Y n o8 W .S 1975 1980 1985 1990 1995 2000 2005 2010
o ke o i ) ¢ o Summer Pot Survey
s ¥+ r—r—r—rr5 rr—rrr 5 *rrT—r
®e . .
123456 123456 123456 123456 v o e S
o - PP .
] o . .
- - Q e .
T T T T T T T T
1975 1980 1985 1990 1995 2000 2005 2010
Observer length: observed vs predicted Observer Survey
< | 19874 < < ] 1989 < ] 190004 < ] 1902 < ] 1004% v+ °ee o O
=1 o % o o ey =1 A o . <] o - LY . .
A S \ SN y o o) . .
o L \ N o \ o~ I \ ~ \ ] / \ i .Y - .
= \ =} =] \ o 1 \ =} \ o B \
\ 1 \ ’ - LXK ] . ]
< Y30 2 =] -3 2 *-3-4 2 bep o T T T T T T T T
5 s S 5 5 S
1975 1980 1985 1990 1995 2000 2005 2010

123456 123456 123456 123456 123456 123456
1:74-83, 2: 84-93, 3: 94-103, 4: 104-113, 5: 114-123, 6: >124

Draft - Norton Sound Red King Crab Stock Assessment —May 11, 2012

1:74-83, 2: 84-93, 3: 94-103, 4: 104-113, 5: 114-123, 6: >124

67




Model 1: 2012 Baseline model

Trawl survey crab abundance
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commercial harvest length: observed vs predicted

Winter pot length: observed vs predicted
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Trawl length: observed vs predicted
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Model 4: Model 1 + lamc = 100

Total Crab Abundance (million)

Effort (1000 pot lifts)

Trawl survey crab abundance
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commercial harvest length: observed vs predicted Winter pot length: observed vs predicted
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Trawl length: observed vs predicted
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Model 7: Model 1+ Maxss = 10

Total Crab Abundance (million)

Effort (1000 pot lifts)
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commercial harvest length: observed vs predicted

Winter pot length: observed vs predicted

g o7 S 1078 g {1070 3 {1980 * 3 {1081 S {1082 . 3 3 | 1082 3 o83 3 | 1o8a 3 1985 3z
@ R @ @ Pt W) I @ e & ~ ] e ~ ~ ] T o N
=] ;N © o Y =] o o s S S 1.~ \ S S 1.7 3 .S
’ . . s » e v AN
o 4 o o s o o o L™ o o > o o o + o
S ¥ r—— o S =TT S S =1 =] ] =] =] =}
123456 123456 123456 123456 123456 123456 123456 123456
S {1983 S {1984 S {1985 S {1986 S {1987 S {1988 3 | 1088 3 3 {1090 3 {192, 3 s
© A e @ N ] RN e o o o e W JRaN o
=] , N-- o / ~. © K ~ © , N A = Ed S L ed \ o S . v o * o S
y . v , » ° A - . .
S Skl g R S b S bt S bt 3 -3 S 4 S 2 3 g
123456 123456 123456 123456 123456 123456 123456 123456 123456 123456
© © © © © ©
S 11989 S S 11992 S s S 11994 , S ]1995 ) I 9% 2 2 199?,\. 3 1999 I {2001 2 2002'
. ’ P
p 3 2 o2 3 2 <Moo g 3 3{/ N8 3 g
o o o v o - ol ™ o Lo o o ok s O 2 o M
S S S *ES——— S =Y —— 3 3 S S S S S S
123456 123456 123456 123456 123456 123456
2 = 2 {19908 2 {1999 & {2000 2 {2001 3 {2008 2 3 {2005 h 3 {2007 3
NN .
@ © @ P . el o LN e ~ A ~ & lae o NI o
e S e / .S K o / ~ o ~ S ¢ o s TN/ o =2 A =
’ , ' . / R4 LN - RN
o o o rl o 4 ° P o - ok o o o o R
S S ST Ft+r—r+5 HFrTTrT7T5 T o e o e e e =1 st trrrr—r—To tr—rr—1ts r—rr+7
123456 123456 123456 123456 123456 123456 123456 123456 123456 123456
2 2002 2 {2003 2 {2004 S {2005 . S {2006 . &2 {2007 3 {2000 3 {2010 3 {21
I et » T m I ) Ny @ . N _-o
a T 2 SN 3 a S S do P S S N I D
’ / , , K e “ > -
S bt S heed S b S by S by 2 b 3 3 g
123456 123456 123456 123456 123456 123456 123456 123456
o © o o
S ] 2008 S S 2010 3 e011
© e ] ©
S / S S S
/ .
<3 4 o o <3
s =¥+ —r——— o S S =t
123456 123456 123456 123456
1:74-83, 2: 84-93, 3: 94-103, 4: 104-113, 5: 114-123, 6: >124 1:74-83, 2: 84-93, 3: 94-103, 4: 104-113, 5: 114-123, 6: >124
Trawl length: observed vs predicted
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Model 8: Model 1+M=0.32

Trawl survey crab abundance Modeled crab abundance
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commercial harvest length: observed vs predicted

Winter pot length: observed vs predicted
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Alternative model 10: Model 9 (ms6 =1.0) + M=0.4
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commercial harvest length: observed vs predicted

Winter pot length: observed vs predicted
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Trawl length: observed vs predicted
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Model 11: Model 3 + Model 6: Maxss = 50 lamc = 50

Total Crab Abundance (million)

Effort (1000 pot lifts)
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commercial harvest length: observed vs predicted

Winter pot length: observed vs predicted
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Model 12: Model 11 + Model 2;: Maxss = 50 lamc = 50 ms6 = 3.6

Total Crab Abundance (million)

Effort (1000 pot lifts)
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commercial harvest length: observed vs predicted

Winter pot length: observed vs predicted
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Alternative model 13: Model 4 (lamc=100) + Model 6 (maxss=50)

Trawl survey crab abundance Modeled crab abundance
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commercial harvest length: observed vs predicted

Winter pot length: observed vs predicted
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Alternative model 14: Model 4 (lamc=100) + Model 6 (maxss=50) + Model 2 (ms6 = 3.6)

Total Crab Abundance (million)
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commercial harvest length: observed vs predicted

Winter pot length: observed vs predicted
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Appendix E: Trawl Survey Location and CPUE. Larger circle indicate higher CPUE. The smallest dots indicate 0
CPUE.
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Appendix F
Comparison of full vs. without the latest winter pot survey data.

Norton Sound red king crab summer CDQ commercial fishery can start as soon as ice is out of Norton Sound
(April — May) before NPFMC’s determination of OFL and ABC (June). Hence, we recommend that the Norton
Sound Crab assessment and finalization of OFL and ABC be done at April NPFMC meeting. Moving the date,
would result in the loss of the winter pot survey length frequency data. Here we compared results of projected
MMB, Bmsy, OFL, and ABC of the Model 12 between full and without winter data (Reduced).

Full Reduced

Projected MMB 2012 4.251 4.259
Projected Legal 3.213 3.237
Biomass 2012

Bmsy 3.515 3.522
B/Bmsy 1.209 1.209
OFL 0.529 0.533
ABC

Buffer 10% 0.476 0.480
P*=49 0.526 0.530
P*=40 0.491 0.497
P*=49, sigma-b = 0.4 0.522 0.527
P*=40, sigma-b=0.4 0.464 0.467

This suggests that moving the Norton Sound Crab would have little impacts on determination of OFL and ABC.
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