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Figure 1. Population total mature biomass (millions of pounds, solid line),model

estimate of survey mature biomass (dotted line) and observed survey mature biomass with

approximate lognormal 95% confidence intervals.
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Figure 2. Residuals for Population total mature biomass fit.
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Figure 3. Population male mature biomass (1000 t, dotted line), model estimate of survey
male mature biomass (solid line) and observed survey male mature biomass with approximate
lognormal 95% confidence intervals.
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Figure 4. Standardized Residuals for male mature biomass fit.
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Figure 5. Population female mature biomass (1000 t, dotted line), model estimate of
survey female mature biomass (solid line) and observed survey female mature biomass with
approximate lognormal 95% confidence intervals.
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Figure 6. Standardized Residuals for female mature biomass fit.
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Figure 7. Observed survey numbers of males >101mm (circles), model estimates of the
population number of males > 101mm (solid line) and model estimates of survey numbers of
males >101 mm (dotted line).
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Figure 8. 2009 BSFRF F
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Figure 9. Fits to 2009 study area mature biomass by sex for BSFRF and NMFS data.
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Figure 10. Fits to 2010 study area mature biomass by sex for BSFRF and NMFS data.
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Figure 11. Model fit|to the survey female size frgquency data. Circles are obgerved
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Figure 12. Residuals of fit to survey female size frequency. Filled circles are

negative residuals.
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Figure 13. Summary over years of fit to survey length frequency data by sex. Dotted
line is fit for females, circles are observed. Solid line is fit for males, triangles

are observed.
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Figure 15. Residuals for fit to survey male size frequency.

residuals (predicted higher than observed).

Filled circles are negative

e @ e @ 8 o o o o o @ @ @@ ® o * ¢« ® 86 ® * s o s s 66 s o 0 s s 008 0O
* 060 s 06 0o s o o0 O @@ © o ¢ ¢« 8 6@ o o 06 o o 6@ o s o s s 0 0 s @
e e e 0 0 s 0 o0 @ @@ * * © ¢ o6 0@ * ¢ 0 + o s 8 ¢ s o 0 0 o 8 o
c e 00 0@ @0 « o0 @ @@ * © © o s @@ * o8 + o e @O + o @ + o o o o
s e 00 @060 * o ® O @ * o e 0o o0 * *@ * 006D 060 0 s s s 0
e c @0 * 0 0 (O o o @ ® ¢ 0o 0o 06 0o ¢+ 0@ 0 e (D 0 06(D® c 0@ O 0 s o 0
8 c Q@ ¢ e 8D 0 o ¢ s (D e s 0o 00 s 0@ ¢ (DO OO 0O O ° e o0
T @0 PO s e (D e e e 8 OO (D e B @ e e 0 s
e e 00 QO s o - @ 0 ¢ 0 00PC@¢ *(D° e e 00 000000
e o o o o e * o o © 0 06 06060 0 006 () ePO ¢ o @0 000 0 o
® ¢ o ¢ 0o 0 00 @ o c @ © 0 00O * @ (D OO e 0@ 00 000 o
@ ¢ o0 e 00 0@ ©° 000006 Q00O 0 0000 0000
e o + @ @ o o+ o o Q9 0 0@ ¢ 0o 0 o0 000 "0 000 00 * o0
o o @O0 @ c 0 e Q00 00 * ° 0 (O ¢+ 0000 (D000 00O ° o
@O0 600 ¢ ¢+ o @ - @ °* * 0 0P °* @ OeRPQ QPR * 60O * * o0 @ * o
Qe PQR® 000000000 ®s0000Q0 * EEEEE XXX
Qe @O 00 00 @0 00 e 0 e o s 0o 000 coe 000000
© @000 000 O+ °20e*cQoece NDeeecec0000® -0
e e 000 0RO s (D Ccee@os(D): 000 200000
c0 0000 ¢ (Do [CNCN N NON BN ) e 0@ e 00 00 °
@ e 00 20 0 cQOe0(O o000 - 00 D000 o0 o
JOX I I NCNCRCINN cD 0@ v e@0:0s00 (DO e0O + o o0

T T T T
1980 1990 2000 2010
Year
Standardized Pearson Residual Range —-2.101 4.642 model 17b



Made fit to the retaine

the model fit. Circles gre \Qbq

si8frequency data, shell ¢
erved data. Year is e Sur

pnéiggon combined.

1

1984 r‘\

40 60 80 100 120

o
982
o
o
o
T T T T T
40 60 80 100 120

A

4
4

40 60 80 100 120

1990

987
T T T T T
40 60 80 100 120

1992

100 120
of
o)
0
T T T
100 120
1989
o)
T T T

0 60 80
T T

0 60 80
T T

40 60 80

100 120

1994

T T T T T
40 60 80 100 120

1995

40 60 80 100 120

40 60 80 100 120

2000 e

40 60 80 100 120
1997 A
T T T T T
40 60 80 100 120
L
2002 °

40 60 80 100 120

40 60 80 100 120

40 60 80 100 120




Sum of Length Proportions Retained Males

Figure 17. Summary fit to retained male length.
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Figure 18. Residuals for fit to retained male size frequency.
negative residuals (predicted higher than observed).
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Sum of Length Proportions fishery total males

Figure 20. Summary fit to total fishery length frequency male catch.

40 60 80

Carapace Width(mm)
model 17b

100

120




Length bin

120

100

80

60

40

Figure 21. Residuals for fit to total fishery male size frequency. Filled circles are

negative residuals (predicted higher than observed).

® o . . . e @ o . e o e @ (O e o o . o ® 0O o o
® o e + © o @ O - o @ o O 0O O e o ° 0O O O o o
@ * ® + @ o & - © °* @ ° O 0O @0 ¢ 2 O 0O O - o
@ e @ °* @ o o o (O °* @ ° O O @ 6 6 ° O O 0o e o
. e O Y ° e O o . e 0 ° . . @ ® . . [} . . .
@ * o o - o o - @ o o o 0 0600 OO0 + e @ ¢ - 0O
® °* © o O o oo e @& 2 O * e 6 O OO0 * e 06 o - o0
@ 8 @ e @ *+ O ¢ o O O © ° O © O 06 06 9 ° o o o
e o o . o e e o o 3 e O - o e O o o o o o L
@ @O @ = o e e o . . e @O . . e O e o o o o . .
® 0 O o g . . . . . [ ° g e . ® [ ] . [ [ [ [ [
® - O o ° . . . . . ° . ® . ° ) ° ° ° ° ) . °
@ € (O 6 e + + + @& + e =+ O * e ®© e e e o o o
c @ & e + e« 4 + e e @6 e @ ° e e e o e e e o o
c ® e & + e « o o e @ e @ e e e o e o e e s o
e+ e @ e e s+ + e e s e e e e e 8 e + o o o o o
e e 8 & s+ s+« e e e s s e e e e e e« o e e e =

I I I I
1995 2000 2005 2010
Year
Standardized Pearson Residual Range —-2.882 4.254 model 17b



Figure 22. Model f
. fit. Circles are obsg

t to the discafd female size frequen
rved data. Yaar is thelgblgvey year.

cy data. Solid line is the model

1998

80 100 120

40 60 80 100 120

40 60 80 100 120

100 120

2007

2009

80 100 120

40 60 80 100 120




Sum of Length Proportions fishery females

Figure 23. Summary fit to directed fishery female discards.
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Figure 26. Summary fit to groundfish length frequency.
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Figure 27. Recruitment to the model for crab 25 mm to 50 mm. Total recruitment is 2
times recruitment in the plot. Male and female recruitment fixed to be equal. Solid
horizontal line is average recruitment. Error bars are 95% C.I.
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Figure 28. Estimated growth curve for female snow crab with 2011 growth study data.
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Figure 29. Estimated growth curve for male snow crab with 2011 growth study data.
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Figure 30. Probability of maturing by size estimated in the model for male(solid line)

and female (dashed line) snow crab (not the average fraction mature). Triangles are
values for females used in the 2009 assessment. Circles are values for males used in the
2009 assessment.
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Figure 31. Distribution of recruits to length bins estimated by the model.
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Figure 32. Selectivity curve for total catch (discard plus retained, solid line) and
retained catch (dotted line) for combined shell condition male snow crab.
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Figure 33. Retention curve males.
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Figure 34. Survey selectivity for male snow crab estimated for three periods: 1)
1978-1981, 2) 1982-1988 and 3) 1989-Present.
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Figure 35. Survey selectivity curves for female (dotted lines) and male snow crab (solid
lines) estimated by the model for 1989 to present. Survey selectivities estimated by
Somerton from 2009 study area data (2010) are the circles.
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Figure 36. Survey selectivity for male crab 1989- present (Model Bering Sea male), with
selectivity curves estimated outside the model. 2009 study area is the curve estimated by
Somerton from the 2009 study area data.
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Figure 37. Survey selectivity for female crab 1989- present (Model Bering Sea female).
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Figure 38. Survey selectivity curves for male crab in the entire Bering Sea 1989—present
(BS male), 2009 study area BSFRF male and 2009 study area NMFS male.
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Figure 39. Survey selectivity curves for male crab in the entire Bering Sea 1989—present
(BS male), 2010 study area BSFRF male and 2010 study area NMFS male.
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Figure 40. Survey selectivity curves for female crab in the entire Bering Sea
1989-present (BS female), 2009 study area BSFRF female and 2009 study area NMFS female.
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Figure 41. Survey selectivity curves for female crab in the entire Bering Sea
1989-present (BS female), 2010 study area BSFRF female and 2010 study area NMFS female.
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Figure 42. Survey selectivity curves entire Bering Sea survey for female (upper dashed
line) and male snow crab (solid lines) estimated by the model for 1989 to present.
Survey selectivities estimated by Somerton(2010) from 2009 study area data are the
circles. Lower lines are survey selectivities in the study area for BSFRF male and
female crab and NMFS male and female crab.
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Figure 43. 2010 study area survey selectivity curves (BSFRF and NMFS). BS are survey
selectivity curves for the entire Bering Sea. Som is the selectivity curve estimated by
Somerton from the 2009 study area data.

BS male
BS female

o Som : I\
BSFRF female \
BSFRF male \

NMFijem:fxle \
NMFS;maIIe \

40 60 80 100 120
Carapace width(mm)

model 17b



Selectivity Discard Females

1.0

0.8

0.6

0.4

0.2

0.0

Figure 44. Selectivity curve estimated by the model for female bycatch in the directed
fishery.
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Figure 45. Selectivity curve estimated by the model for bycatch in the groundfish trawl
fishery for females and males.

40 60 80 100

Carapace width(mm)
model 17b

120




exploitation rate

1.0

0.8

0.6

0.4

0.2

0.0

Figure 46. Exploitation fraction estimated as the catch biomass (total or retained)
divided by the mature male biomass from the model at the time of the fishery (solid line
is total and dotted line is retained). The exploitation rate for total catch divided by

the male biomass greater than 101 mm is the solid line with dots. Year is the year of the
fishery.
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Figure 47. Estimated total catch (discard + retained) (solid line), observed total catch
(solid line with circles) (assuming 30% mortality of discarded crab) and observed
retained catch (dotted line).
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Figure 48. Catch (1000 t) from the directed snow crab pot fishery and groundfish trawl
bycatch. Total catch (dashed line) is retained catch (solid line) plus discarded catch
after 30% discard mortality was applied. Trawl bycatch (lower solid line) is male and
female bycatch from groundfish trawl fisheries with 80% mortality applied.
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Figure 49. Discard catch as a fraction of retained catch by year.
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Groundfish discard biomass (1000 t)

Figure 50. Model fit to groundfish bycatch. Circles are observed catch, line is model
estimate.
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Figure 51. Model fit to male directed discard catch for 1992/93 to 2014/15 and estimated
male discard catch from 1978 to 1991.
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Figure 52. Model fit to female discard bycatch in the directed fishery from 1992/93 to
2014/15 and model estimates of discard from 1978 to 1991.
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Figure 53. Full selection fishing mortality estimated in the model.

I I I
1980 1990 2000

Fishery Year
model 17b

2010




Full Selection Female Fishing Mortality Rate Directed

0.08

0.06

0.04

0.02

0.00

Figure 54. Female full selection fishing mortality estimated in the model.
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Figure 55. Directed pot fishery cpue and model predicted fish cpue (fixed scalar — not

estimated in model).
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Figure 56. Spawner recruit estimates using male mature biomass at time of mating

(1000t). Numbers are fertilization year assuming a lag of 5 years. Recruitment is half

total recruits in thousands of crab.
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