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Figure 1. Historical commercial
harvest (from fish ticket and in
metric tons) and catch-per-unit
effort (CPUE, number of crabs
per pot lift) of golden king crab in
the , 1985/86—-2014/15
fisheries.

Figure 2. Historical commercial
harvest (from fish ticket and in
metric tons) and catch-per-unit
effort (CPUE, number of crabs per
pot lift) of golden king crab in the

, 1985/86—-2014/15 fisheries
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Goals

= Address comments on the assessment method.
= Get consent from the for the methodology used in OFL

and ABC determination and go forward to the next step.

= Provide Tier 4 and Tier 3 assessment methods to determine
OFL and ABC for and




Approach

= We developed an integrated model to analyze data from pot
fishery retained and total catch , standardized legal size CPUE
from observer data, groundfish fishery bycatch, and tag release-
recapture lengths and time-at-liberty. We also used the
standardized fish ticket retained CPUE index in one scenario.

= We used the Tier 4 and Tier 3 approaches to determine
overfishing levels (OFL) and allowable biological catches (ABC)
separately for and

= We considered 12 scenarios for and 11 scenarios for
for exploratory analysis, but picked up six and five scenarios for
detail consideration for and , respectively.

= We present a number of tables and figures: description of
scenarios; parameter estimates; growth matrices; recruitment,
mature male and legal male biomass trends; likelihood values;
fishing mortality trends; size compositions; size composition
bubble plots; fits to catch, bycatch, tag-recaptures, and CPUE;
component likelihoods; and retrospective fits to mature male
biomass.




Responses to May 2015 CPT comments/recommendations I

= Comment: Include results from the CPUE standardization in the
assessment document.

= Response: we have included CPUE diagnostic plots (Figures 8-10
for EAG and 36-38 for WAG).

= Comment: Use the improved set of equations for fishing mortality for
all models.

» Response: We have modified the Z formula (Appendix A). We
compared the F and MMB distributions between the old and the
modified formulas. Differences are minor (Figure 67).

= Comment: Standardize the commercial fishery CPUE using
available information.

= Response: We have scoped a number of predictor variables (e.q.,
Year, Vessel, Captain, Area, and Month) in the model selection by
lognormal GLM.




Responses to May 2015 CPT comments— continued

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

Response: We have used the number of pots sampled scaled to a maximum of 300 as
weights in the total catch biomass likelihood.

Comment: If possible do profile on current MMB and not catchability. Since MMB is
model output and not a parameter, this is usually done by forcing the model to fit a
pseudo survey in the final year and varying the survey values.

Response: We have investigated the component likelihoods against terminal MMB
(Figure 34 for and Figure 63 for ).

Comment: Provide a sensitivity analysis to potential changes in catchability and
selectivity in the CPUE time series. Results should be compared for the following
alternatives: Alternative 1—no changes in selectivity or catchability, Alternative 2—One
break in catchability/selectivity for post rationalization period, Alternative 3—Two
catchability/selectivity breaks, one break in 1999 and another post-rationalization.
Provide likelihood profiles as described above for each alternative.

Response: We followed the suggestions as different scenarios and provide component
likelihoods for preferred scenarios .




Responses to May 2015 CPT comments— continued

Comment: Provide additional plots to evaluate the fit to the tagging data:

Response: We provide observed vs. predicted number of recaptures for different time at
large and observed mean length and predicted mean length of recaptures for each
release size for different time at large. .

Comment: Provide confidence intervals assuming log-normality for the quantity of
interest .

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

Comment: Provide an analysis of sensitivity to the F penalty in model fitting. During
estimation phases, relax the F penalty earlier than the final phase. Evaluate the effect
of different mean F values in the F penalty term (from low to high).

Response: We relaxed the F penalty to an earlier phase (selectivity phase) and
investigated different mean F in the F penalty (scenario 7)(Table 31).

Comment: The model currently initializes by estimating the abundance by length
category in the first year. Compare this method to an approach that assumes some
average level of recruitment to populate the initial size composition.

Response: We considered equilibrium condition in one scenario for EAG and all
scenarios for WAG.




Table 4. Scenarios 1 to 12 for the assessment

Sample Size

Data: Retained Catch, Total Catch, Groundfish Retained catch = 500 , total catch = number of Retained catch = 200,

Bycatch, tag recaptures, observer CPUE indices. pots sampled scaled to a maximum of 300, total catch = 150,
groundfish discard catch = 1, recruitment groundfish bycatch = 25

Parameters: gl and g2; Total Selectivity 1, Total deviation = 2.0, pot fishery F deviation (initial)

Selectivity 2; Retention Curve 1; F, ; R,. Size transition = 1000 (later 0.001), mean F (initial) = 1000

matrix from tag recaptures, fixed M = 0.18, (later 0.001), groundfish bycatch F deviation

Groundfish fishery selectivity = 1. (initial) = 1000 (later 0.001), posfunction =

1000.
Scenario 1, but g1, g2, q3, Total Select 1, Total Select Scenario 1. Scenario 1.
2, Total Select 3 for 1985/86 — 1998/99, 1999/90 —
2004/05, and 2005/06-2014/15.
Scenario 1, but 1985-1998 fishery retained CPUE Scenario 1. Scenario 1.
indices are used as an additional likelihood .

P scenario 1, but without molt probability model. Scenario 1. Scenario 1.
Scenario 1, but total catch and length frequency from  Scenario 1. Scenario 1.
1996/97 onward are used in the likelihoods
Scenario 1, but effective sample sizes are iteratively ~ Scenario 1. Iteratively estimated
estimated.

Scenario 1, but evaluated the effect of different mean F Scenario 1. Scenario 1.
values (0.09, 0.18, 0.45) in the mean F-penalty .

Scenario 1, but used initial size composition from Scenario 1. Scenario 1.
equilibrium condition.

Scenario 1 and explored the component likelihoods for Scenario 1. Scenario 1.
varying terminal MMB.

Scenario 1 and explored the component likelihoods for Scenario 1. Scenario 1.
varying values of the q pair.

Scenario 1, but used observer CPUE indices for Scenario 1. Scenario 1.
1995/96-2014/15 with one q.

Scenario 1, but groundfish bycatch data are not used. Same as scenario 1. Same as scenario 1.

A mean bycatch F of 0.000148 is used..



scenarios

= Table 19. Scenarios 1 to 12 for the assessment are
similar to those for EAG, but with few changes

Scenario

8 Initial size composition from

equilibrium condition Explore MMB

) Explore MMB WAG tagging data

10 Explore q NA
11 Indexing jump from 9 to 11 to be the
same as EAG scenario 11

12 Groundfish bycatch data are not
used. A mean bycatch F of
0.000148 is used.. Groundfish bycatch data are not used.
mean bycatch F of 0.000332

Equilibrium estimate of initial size composition is used in all
scenarios.




Input Data for and
(page 10)

Data set Data type(s)
Retained pot catch 1985/86—-2014/15 Catch by length

Total pot catch 1990/91-2014/15 Catch by length (Observer nominal
total CPUE with effort were used to
estimate total pot catch)

TG I W EICRGIELE T T 21114 1989/90—2013/14 by length

Observer legal size crab CPUE 1995/96-2014/15 Independently estimated annual

CPUE index with standard error (by
negative binomial GLM) (Fox and
Weisberg 2011)

Pot Fishery retained catch CPUE 1985/86—-1998/99 Independently estimated annual
CPUE index with standard error (by
lognormal GLM). This series is used
in the model for scenario 3

Tag-recapture data EAG: 1991, 1997, Release-recapture length and time-at-
2000, 2003, 2006 large - 1717 records

WAG: 1980s 64 records




CPUE standardization

null model:

In(??272,) B 2?22, 87
Full model for stepwise selection by GLM with negative binomial model :
= WA?77,B8B 27222, B 22(2222,,@2) B ? 222, B ?2222,, @ 272727,

229NN, B 222,822 222h,,B2) B 22£272722,,B280 2,

null model:
= ®(?2?27?,) @ 2?2?22, @7

Full model for stepwise selection by GLM with lognormal model:

= WAE??72,8 08 277% B2 22%h, B 2222,,B 222222, 822220, B 2,




Figure 7. Trends in non-standardized and standardized (negative binomial
GLM) observer CPUE indices with +/- 2 SE for golden king crab.
Standardized indices: black line and non-standardized indices: red line.
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Figure 35. Trends in non-standardized and standardized (negative binomial
GLM) observer CPUE indices with +/- 2 SE for golden king crab.
Standardized indices: black line and non-standardized indices: red line.

1995/96—-2004/05 2005/06-2014/15

“| = standardizedindex
= NonStandardizedindex

7| == Standardizedindex
= NonStandardizedindex

<
I
n
o
<
o
w2
=
s
=3
=
o

00 05 10 15 20 25 30

1995/96-2014/15

= Standardizedindex
— NonStandardizedIndex

00 05 10 15 20 25 30




Figures 8 and 9. Deviance residuals vs. explanatory and response variables of the best fit
model for CPUE. Deviance residuals for factor variables are shown as box plots and
only the linear part of the cubic splines are specified on the x-axis for soak time variable.
The solid green lines are the loess smoother through the plotted values.
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Figures 36 and 37. Deviance residuals vs. explanatory and response variables of the best
fit model for CPUE. Deviance residuals for factor variables are shown as box plots
and only the linear part of the cubic splines are specified on the x-axis for soak time
variable. The solid green lines are the loess smoother through the plotted values.
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Revised catch equations

- To.temp = 7. Nype L (1 — e 7.)

?
77

7
A 7@ 72 ? 757 ? 7?50
'C'_)— N?. ? ( —e"?)
7.

= 5? — 02(T7temp — C'?)

* Tog = Cop + Do
= Zog = FrSipSig + O.ZF?S{,?(l — Siy) + 0.65 F s’

77 ??

" Zog = F?S? + F’)




Initial condition

1. Initial condition (t=1985) :
299278 B 79999290, 77

2. Equilibrium initial condition:
= The equilibrium stock abundance is

N=XSN+R (5)

where X is size transition matrix, S is survival, N is numbers-at-length and R is the
recruitment vectors.

The equilibrium N is

? B A2-2?07? ®

where [ is the identity matrix.

We used the mean number of recruits from 1996 to 2014 in equation (6) to obtain the

equilibrium solution under M (0.18) in year 1981, and then projected the equilibrium
abundance up to 1985 with removal of retained catches during 1981/82 to 1984/85.




Likelihood components

= LI 7T = 2, ¥o{In(X, Cogws + ©) — In(E, Copgws + )Y
(12a)

= LLY T = 2 YofIn(X, Togws + ©) — In(X, Topgws + ©) ¥
(12b)

= LLy5" = Zoy TofIn(X, Trgws + ¢) — In(X, Trogwy + )}
(12c)
= LLY 77 = Ay Xo{In(X, Copws + ) — In(X, Copws + )}
[X: 1981/82 to 1984/85 retained
catch for equilibrium initial composition calculation]




Likelihood components

. L2777 —
A22277 {0-5 Y In[2m(07m + 07)] + X
(13)

0
n 777???? 044 7777????

2(?275? ?7)

CPUE} = q; ) 57 S} (Nog — 0.5[Cop + Dy + Trog [)e? 77
?

O'?? = ln(l + CV??)
(15)




Likelihood components

= Robust normal likelihood function for length composition data
(retained, total, groundfish discard mortality )(Equation 16).

= Multinomial likelihood function for tagging data (Equation 19)

= Penalty functions:

(a) pot F_dev (Equation 22)
(b) groundfish bycatch F_dev  (Equation 22)
(c) R _dev (Equation 23)
(d) average F about a fixed F (Equation 24)
(e) posfunction (Equation 25)
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Figure 23. Comparison of input CPUE indices (open circles with +/- 2 SE) with predicted CPUE indices
(colored solid lines) for fits to data,
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Figure 53. Comparison of input CPUE indices (open circles with +/- 2 SE) with predicted CPUE indices
(colored solid lines) for scenarios 1, 2, 3, 4, 5, 6, 9, 11, and 12 fits for data.
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Figure 21. Observed tag recaptures (open circle) vs. predicted tag recaptures (solid line)
by size bin for years 1 to 6 recaptures for scenario 1 model fit to data.




Figure 22. Observed and predicted mean length (with two SE) of recaptures vs. release
length for years 1 to 6 recaptures for scenario 1 model fit to data.
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Figures 29 and 59. Observed (open circle) vs. predicted (solid line) retained catch for Sc
2, 3,5, and 11 fits for (left) and Sc 1, 2,5, and 11 model fits for (right)
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Figures 30 & 60. Observed (open circle) vs. predicted (solid line) catch for Sc 2, 3, 5,
and 11 fits for (left) and Sc 1, 2, 5, 11 fits for model fits (right).

Total Catch (t)

Total Catch, EAG Total Catch, WAG

5000

3000
Total Catch (1)

0 1000

1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

Year Year



Table 15. Negative log-likelihood values of sc. 1, 2, 3, 5, 11, and 12 fits to
data.

Likelihood
Component

Number of free
parameters

like retlencomp
like totallencomp

like gdiscdlencomp

like retdcatchB
like totalcatchB
like gdiscdcatchB
like rec dev
like_meanFpot

LikefishtickCPUE

121

-890.50
-867.59

-647.84
-12.15
8.08
31.53
0.00
5.05
0.00
0.01
0.02
2691.67
0.00
0.00

318.28

124
-891.04
-870.66

-649.40
-10.50
8.28
30.86
0.00
5.56
0.00
0.01
0.02
2688.62
0.00
0.00

311.75

122
-890.40
-868.06

-647.80
-12.50
8.74
32.25
0.00
4.84
0.00
0.01
0.02
2691.78
0.00
0.00

-0.83
318.06

121
-889.84
-732.45

-648.59
-10.98
5.94
11.75
0.00
4.89
0.00
0.01
0.02
2690.57
0.00
0.00

431.32

120
-891.27
-732.46

-649.23
-11.11
5.92
11.60
0.00
5.03
0.00
0.01
0.02
2690.46
0.00
0.00

428.98

95

-890.07
-868.74

-13.23
7.65
30.67
2.94
0.00
0.01
2690.01
0.00
0.00

959.24




Table 30. Negative log-likelihood values of Sc 1, 2, 5, 11, and 12 fits to
data.

Likelihood
Component

Number of free
parameters

like
like
like

like
like
like
like
like

retlencomp
totallencomp
gdiscdlencomp

retdcatchB
totalcatchB
gdiscdcatchB
rec_dev
meanFpot

108

-1001.90

-985.01
-566.41
-10.92
10.77
49.73
0.00
6.33
0.00
0.03
0.03
2689.34
0.00

0.00
191.99

111
-1007.05
-991.24
-566.61
-19.16
11.98
48.43
0.00
6.88
0.00
0.03
0.03
2687.11
0.00

0.00
170.41

108
-1016.08
-834.84
-567.54
-10.19
6.64
16.48
0.00
5.58
0.00
0.03
0.03
2687.71
0.00

0.00
287.81

107
-1002.04
-984.84
-567.39
-8.86
10.78
49.80
0.01
6.61
0.00
0.03
0.11
2689.31
0.00

0.00
193.52

82

-1004.28
-984.48
-13.19
10.66
48.44
4.33
0.00
0.03
2688.95
0.00

0.00
750.47




Table 31. Predicted total and retained catch OFL for 2015/16 under Tier 4
assumption for various scenarios. For scenario 7, mean F in the penalty
function were (a) 0.09, (b) 0.27, and (c) 0.36; and (a) 0.09, (b) 0.18, and (c)
0.45 for and respectively.

Total Catch Retained Total Catch Retained
OFL (t) Catch OFL (t) OFL (t) Catch OFL (t)

1331 1292 731 686
1318 1280 763 717
1364 1325 666 628
743 720 674 634
1322 1284 722 680
1357 1317 619 579
1329 1291 729 685
1331 1292 729 685

1331 1292 729 685
Explore
1954 1146 terminal MMB
Explore
terminal MMB 691

Explore q
1608 703
1361 741




Figure 32. Retrospective fits of MMB by the model for removal of terminal year’s data for
scenarios 2 and 5 model fits for

/

Year

Figure 62. Retrospective fits of MMB by the model for removal of terminal year’s data for
scenarios 1 and 5 model fits for




Figure 33. Total negative log-likelihood and the components of it vs.

fraction of the estimated pair of catchability coefficients for scenario 1
model fit to data (all zero adjusted).
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Figure 34. Total negative log-likelihood and components of it vs. fraction

of the estimated terminal MMB for scenario 1 model fit to data (all
zero adjusted).
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Figure 63. Total negative log-likelihood and components of it vs. fraction

of the estimated terminal MMB for scenario 1 model fit to data (all
zero adjusted).
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Figure 68. Equilibrium and 1985 size compositions for scenario 1 model
fit for (top) and (bottom).
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Figure 67. Comparison of F (top) and MMB (bottom) estimates between
using the old Z formula (i.e. in May 2015 CPT draft document) and the
revised Z formula for scenario 1 model fit to data.
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Figure 28. Pot fishery total F for Sc 1, 2, 3, 5, 11, and 12 fits to data.
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Figure 58. Pot fishery total F for Sc 1, 2, 5, 11, and 12 fits to
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Figure 24. Number of male recruits to the model for Sc 2, 3, 5, and 11 model fits to
data.
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Figure 54. Number of male recruits to the model for Sc 1, 2, 5, and 11 model fits to
data.
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Figure 26. Trends in MMB for Sc 1, 2, 3, 4, 5, 6, 8, 11, and 12 model fits for
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Figure 56.
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Tier 4 Estimation: B,.;, OFL, and ABC

refs

Biomass, total OFL, and ABC in million pounds

ABC
(0.9*OFL)

Season

1) 2015/16

2) 2015/16

3) 2015/16

5) 2015/16

11) 2015/16

12) 2015/16




Tier 4 Estimation: B, ;, OFL, and ABC

Biomass, total OFL, and ABC in million pounds

ABC

(0.9*OFL)
Current Years to ABC

Season MMB define B, (P*=0.49)

1) 2015/16 . . . 1986-2015

2) 2015/16 . . 1986-2015

5) 2015/16 . . 1986-2015

11) 2015/16 . 1986-2015

12) 2015/16 . . 1986-2015




Tier 3 estimation: B,, OFL, and ABC calculation by F5¢

Biomass, total OFL, and ABC in million pounds

Recruitment ABC
Current | MMB/B Years to (0.9*OFL)
Tier MMB 35 ForL define B,

15.807 19.677
1) 2015/16 3a 1.24 0.37 1986-2015 0.37

2) 2015/16 . . 1986-2015
3) 2015/16 . . 1986-2015
5) 2015/16 . . 1986-2015
11) 2015/16 . . 1986-2015

12) 2015/16 . . 1986-2015




Tier 3 estimation: B,, OFL, and ABC calculation by F5¢

Biomass, total OFL, and ABC in million pounds

Season

1) 2015/16

2) 2015/16

5) 2015/16

11) 2015/16

12) 2015/16

Current
MMB

Recruitment

Years to

Define B,

1986-2015

1986-2015

1986-2015

1986-2015

1986-2015

ABC
(P*=0.49)

ABC
(0.9*OFL)




Figure 66. Estimated catch by Tier 4 formula vs. terminal MMB for
(top) and

Catch (t)
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= Tier 4 rule produced a very conservative estimate of OFL.
Under Tier 3, the OFL F were 0.36-0.39 for EAG and 0.27 -
0.29 for WAG for various scenarios indicating that using 0.18
as a maximum OFL under Tier 4 may be overly- conservative
and that using a y value of 2 in the Tier 4 formula may be

more appropriate.

= The trends in F and MMB did not vary much compared to
status quo results when mean F penalty was removed and
the F estimation phase was changed to an earlier phase.

= The output did not change much from other scenarios’ results
when we disregarded the groundfish data in the model fit.

Good place to stop here. Thanks.
Any Question




Table 32. Observer legal size male crab CPUE data for EAG for 1995/96—-2004/05, 2005/06—2013/14, and

1995/96—-2013/14 time periods. R?determines the relative merit of each fit. ns = cubic splines, df = degree of
freedom, and 6 = dispersion parameter of the negative binomial model. (Source: 2015 Sea Grant Symposium).

Fishing period Final model “
1995/96—-2004/05 CPUE = Year+Gear+Captain, 6 =1.33 0.23

2005/06-2013/14 CPUE = Year+Vessel+ns(Soak, df=16)+ Gear , 6 =2.20 0.09

1995/96-2013/14 When ‘soak’ is a continuous variable:
a. CPUE = Year+Gear+Captain+ns(Soak, df=18) , 6 =1.42 0.32

b. CPUE = Year+Gear+Captain+Year:Captain , 6 =1.42 0.33

c. CPUE = Year+Gear+Captain+ns(Soak, df=18)+Year:Gear , 6

=1.42 0.33

When ‘soak’ is a factor variable:
a. CPUE = Year+Gear+Captain+Soak , 6 =1.42 0.32

b. CPUE = Year+Gear+Captain+Soak , 6 =1.42

Offered Year:Soak, but did not pick up Utz
c. CPUE = Year+Gear+Captain+Year:Captain , 6 =1.42 0.33
d. CPUE = Year+Gear+Captain+Soak +Year:Gear, 6 =1.42 0.33
e. CPUE = Year+Gear+Captain+Soak , 6 =1.42 0.32

Offered Soak:Gear, but did not pick up

f. CPUE = Year+Gear+Captain+Year:Captain , 6 =1.42

Offered Year:Captain, Year:Soak and Year:Gear, but picked up 0.33
only the first.



Figure 17. Estimated total (black solid line) and retained selectivity (red dotted line) for pre- and post-
rationalization periods under Sc 2, 3, 5, and 11 model fits to data.
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Figure 48. Estimated total (black solid line) and retained selectivity (red dotted line) for pre- and post-
rationalization periods under Sc 1, 2, 5, and 11 model fits to

Selectivity

Selectivity

Selectivity

Selectivity

Pre.Rat. Selectivity, WAG Sc1

T
120 140 160

Carapace Length (mm)

Post Rat. Selectivity, WAG Sc1

140 160

Carapace Length (mm)

Pre. Rat. Selectivity, WAG Sc5

I : T I
120 140 160

Carapace Length (mm)

Post Rat. Selectivity, WAG Scb5

| T T
120 140 160

Carapace Length (mm)

Selectivity

Selectivity

Selectivity

Selectivity

data.

Pre.Rat. Selectivity, WAG Sc2

T
120 140 160

Carapace Length (mm)

Post Rat. Selectivity, WAG Sc2

140 160

Carapace Length (mm)

Pre. Rat. Selectivity, WAG Sc11

| "I |
120 140 160

Carapace Length (mm)

Post Rat. Selectivity, WAG Sc11

Carapace Length (mm)




Figure 65. Estimated molt probability vs. carapace length of golden king crab under scenario 1 for (black
line) and (green line).

Molt Proportion Under Scenario 1

c
S
§=

0

Q.

e

-
i3

I
140

Carapace Length (mm)




Figure 64. Predicted effective sample size vs. input calculated effective sample size for catch
length composition for scenarios 6 fit (iterative estimation of effective sample size following Francis,
2011) to golden king crab data in the and , 1985/96 — 2014/15.
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Table 1. Retained catch (number and weight of crabs), estimated total male catch (number and weight of
crabs on the deck), pot fishery effort (number of pot lifts), and estimated groundfish fishery discard
mortality (humber and weight of crabs) for the golden king crab stock. The crab numbers are for the
size range 101-170+ mm CL. NA: no observer sampling to compute total catch. The directed fishery data
included cost-recovery beginning in 2013/14.

1251267 117718
1374943 155240
968614 146501
1156046 155518
1419777 155262
892699 1148518 106281
1083243 4385096 133428
1127291 4331508 133778
767918 NA 106890
1086560 1712658 191455
1150168 2742782 177773
848045 1452362 113460
780481 1788351 106403
740011 2011777 83378
709332 1556398 79129
704363 1706999 71551
730030 1352904 62639
643668 1119586 52042
643074 1111206 58883
637536 965443 34848
623971 927444 24569
650587 860688 26195
633253 911185 22653
666947 929694 24466
679886 936938 26298

670698 935574 25851
668828 920866 17915

687666 990519 20827
720220 978645 21388




Table 2. Pot fishery retained, observer retained, and observer total CPUE (number of crabs
per pot lift), observer sample size (number of sampled pots), and observer CPUE Index for
the golden king crab stock.




Table 16. Retained catch (number and weight of crabs), estimated total male catch (number and weight of
crabs on the deck), pot fishery effort (number of pot lifts), and estimated groundfish fishery discard
mortality (humber and weight of crabs) for the golden king crab stock. The crab numbers are for the
size range 101-170+ mm CL.

981949 118563
2052652 277780
1248732 160229
1285914 166409
1610281 202541

889017 2753326 108533

747852 1827434 101429

543541 1113229 69443

352339 2001547 127764

845058 3634246 195138

619636 1567028 115248

652801 1269315 99267

558446 1236592 86811

505407 782551 35975

658377 1467177 107040

723794 1612997 101239

686738 1503857 105512

664823 1335068 78979

676633 1192551 66236

685465 1249016 56846

639368 1079095 30116

523701 894219 26870

600595 965889 29950

587661 997465 26200

628332 900797 26489

626246 868127 29994

616118 817532 26326

672916 1000311 32716

686883 1037749 41835




Table 17. Pot fishery retained, observer retained, and observer total CPUE (number of
crabs per pot lift), observer sample size (number of sampled pots), and observer CPUE
Index for the golden king crab stock.




Table 11. Annual abundance estimates of model recruits (millions of crabs), legal male biomass with standard deviation (t), and mature male biomass
with standard deviation (t) for the model for golden king crab in the . Legal male biomass was estimated on July 1 (start of biological
year) and mature male biomass for year y was estimated on February 15, year y+1 after the year y fishery total catch removal. NA = not availabl




Table 26. Annual abundance estimates of model recruits (millions of crabs), legal male biomass with standard deviation (t), and mature male biomass with standard
deviation (t) for the model for golden king crab in the . Legal male biomass was estimated on July 1 (start of biological year) and mature male biomass
for year y was estimated on February 15, year y+1 after the year y fishery total catch removal. NA = not available. 1985 refers to the 1985/86 fishery.




Tag release and recapture
summary (103 to 183 mm Mid CL), |

27131 Number of Recoveries by Year
Yearl 936
Year2 491
Year3 214
Year4d 51
Year5 13

Year6 12

Overall % recovery




Figure 14. Predicted effective sample size vs. input effective sample size for retained catch length composition for

fits to golden king crab data in the
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Figure 45. Predicted effective sample size vs. input effective sample size for retained catch length composition for

fits to golden king crab data in the
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Figure 15. Predicted effective sample size vs. input effective sample size for total catch length composition for

fits to golden king crab data in the , 1990/91 to 2014/15. The red line is the 45° line
passing through the origin.
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Figure 46. Predicted effective sample size vs. input effective sample size for total catch length composition for
fits to golden king crab data in the , 1990/91 — 2014/15. The red line is the 45° line passing through the origin.
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Figure 16. Predicted effective sample size vs. input effective sample size for groundfish discarded catch length

composition for fits to golden king crab data in the , 1989/90 to 2014/15. The red line is the 45°
line passing through the origin.
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Figure 47. Predicted effective sample size vs. input effective sample size for groundfish discarded catch length composition

for fits to golden king crab data in the , 1995/96 — 2013/14. The red line is the 459 line passing
through the origin.
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Figure 18. Bubble plots of standardized residuals of catch length composition for
fits for golden king crab, 1985/86—-2014/15. Filled circles are the positive and unfilled circles are
the negative standardized residuals. The area of the circle is the relative magnitude of the residual. I
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Figure 49. Bubble plots of standardized residuals of

fits for

catch length composition for

golden king crab, 1985/86—-2014/15. Filled circles are the positive and unfilled circles are

the negative standardized residuals. The area of the circle is the relative magnitude of the residual.
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Table 7.
Size
transition
matrix for




Fixed parameter values (page 10)

Parameter
0.18/yr
0.0002988
3.135




Figure 5. Aleutian Islands golden king crab harvest by ADF&G statistical areas for 2014/15.
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Data Gap and Research Priorities

= We did not consider the possibility that additional recruitment may occur
through immigration from neighboring areas and possibly separate sub-
stocks. Extensive tagging experiments or resource surveys are needed
to investigate stock distributions.

= An independent estimate of M is needed for this stock. Tagging is one
possibility.

= An extensive tagging study will also provide independent estimates of
molting probability and growth. We used the historical tagging data to
determine the size transition matrix.

= An arbitrary 20% handling mortality rate on discarded males was used.
An experimentally-based independent estimate of handling mortality is
needed for golden king crab.




Tier 4 Formula for OFL

"(@)If, By = Byyy , Fr97 = AM
. (b) |f B? < B'_)?'_) and B? > O.ZSB??? ,
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Table Al. Estimated parameters of the population dynamics model (Appendix A)

Initial conditions
Initial total numbers, 1

Length-specific proportions, n-1

Length specific equilibrium abundance ? ,,

Fishing mortalities
Pot fishery, 1985/86-2014/15

Mean pot fishery fishing mortality, 1

Trawl fishery, 1989/90-2013/14 (the mean F for 1989/90 to 1994/95 (5-year mean, 1991/92 no

data) was used to project back the trawl discards up to 1985/86.

Mean trawl fishery fishing mortality, 1
Selectivity and retention
Pot fishery total selectivity 7, 2 (1985/86-2004/05; 2005/06—2014/15)

Pot fishery total selectivity difference, 2?2222’ 2 (1985/86—2004/05; 2005/06—2014/15)

1
Trawl fishery selectivity difference ? 1
z

Variability in growth increment, ? 1

Molt probability (size transition matrix with tag data) a 1



