
Bering Sea snow crab 

Total catch 2013/14 28,100 t (24,500 t retained), 

decreased from 2012/13 32,400 t (30,100 t) 

  

 
Figure 1.  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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 Model scenarios 
ÅModel 0 ï September 2013 model ï one linear function 

by sex to fit growth data 

ÅModel 1 ï Two linear functions by sex with a fixed 

intersection point 

ÅModels 2a, Base model 2b and 2c ï Growth data fit in 

model using two linear segments with a smooth 

transition by sex (Recommended by CIE review) with 

weight of 1, 2 and 3 on growth likelihood (sd 0.47, 0.71 

and 1.41). 

ÅModels 2d through 2g ï Sensitivity to fishing mortality 

penalties ï weights on penalties relative to the Base 

model 2b of 0.5, 0.25, 0.1 and 0.001. 

 

 



Changes to Data 

Å2014 survey biomass and length 

frequency data. 

Å2013/14 fishery (directed, pot and 

groundfish bycatch) catch and length 

frequency data 

ÅNew series of fishery length data not used 

- final revision with revised effort data not 

available 



  

Å  

The following table contains the various data components used in the model, 
 

Data component Years  

  

Retained male crab pot fishery size frequency 

by shell condition  

1978/79-2013/14 

Discarded male and female crab pot fishery size 

frequency 

1992/3-2013/14 

Trawl fishery bycatch size frequencies by sex 1991-2013/2014 

Survey size frequencies by sex and shell 

condition 

1978-2014 

Retained catch estimates 1978/79-2013/14 

Discard catch estimates from snow crab pot 

fishery 

1992/93-2013/14  from observer data 

 

Trawl bycatch estimates 1973-2013/14 

Total survey biomass estimates and coefficients 

of variation  

1978-2014 

2009 study area biomass estimates and 

coefficients of variation and length frequencies 

for BSFRF and NMFS tows 

2009 

2010 study area biomass estimates and 

coefficients of variation and length frequencies 

for BSFRF and NMFS tows 

2010 

 



Base Model 

ÅImmature M estimated for males and 

females (one parameter) 

ÅMature male M estimated with prior 0.23 

ÅAvailability (2009 and 2010 BSFRF study) 

estimated as a smooth function. 

ÅDiscard Mortality 0.3 

ÅGrowth data fit by two linear functions by 

sex with a smooth transition 



 
Figure 25d.  2013 Survey CPUE (million crab per nm2) of males > 101mm by tow. Filled 

circles are tows with 0 cpue. 



  
Å  

 
Figure 21.  2014 Survey CPUE (million crab per nm2) of males > 101mm by tow. Filled 

circles are tows with 0 cpue. 

About 40 million crab from two tows (138 

million total survey estimate) 



 
Figure 19.  2014 Survey CPUE (million crab per nm2) of males < 78mm by tow. Filled 

circles are tows with 0 cpue. 



 
Figure 22.  2014 Survey CPUE (million crab per nm2) of immature females by tow. 

Filled circles are tows with 0 cpue. 



 
Figure 20.  2014 Survey CPUE (million crab per nm2) of males > 77mm by tow. Filled 

circles are tows with 0 cpue. 



 
Figure 23.  2014 Survey CPUE (million crab per nm2) of mature females with no eggs by 

tow. Filled circles are tows with 0 cpue. 



 
Figure 25.  2014 Survey CPUE (million crab per nm2) of mature females with <= half 

clutch of eggs by tow. Filled circles are tows with 0 cpue 



Figure 24.  2014 Survey CPUE (million crab per nm2) of mature females with eggs (all 

clutch sizes) by tow. Filled circles are tows with 0 cpue. 



 
Figure 6.  Observed survey numbers (millions of crab) by carapace width and year for 

male snow crab. 
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Figure 7.  Observed survey numbers (millions of crab) by carapace width and year for 

female snow crab. 
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Figure 8a.  Survey male abundance by length for 2011 to 2014.  
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Growth 

 
The base model in the current assessment has growth modeled as two linear 

segments with a smooth transition recommended by the 2014 CIE review 

(Cadigan 2014), 
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Where • is the cumulative distribution function for a standard normal random 

variable.  ‏  constrains the breakpoint, and s is a scale parameter determining how 

smooth the transition is between equation segments.  



Growth parameters 

Å Estimated  9 growth parameters. ὥ, ὦ, ὦ and ‏ by sex 

and s combined for both sexes 

Å Cadigan recommended fixing the s parameter 

Å Separate s parameters by sex did not converge 

Å Fixing s resulted in difference join points 





 
 

Figure 54b.  Male growth data from 2011 growth study with estimated linear growth 

function (top panel last yearôs assessment - September 2013 assessment base model) and 

using the Cadigan method (Base model this assessment ï Model 2b). 
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Å  

 
Figure 54c. .  Female growth data from 2011 growth study with estimated linear growth 

function from Base model. 
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Figure 54c.  Female growth data from 2011 growth study with estimated linear growth 

function (top panel last yearôs assessment - September 2013 assessment base model) and 

using the Cadigan method (Base model this assessment, model 2b). 
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Figure 54d.  Estimated female growth for cardigan smooth with weights 1, 2 and 3 on 

growth likelihood(2a, 2b and 2c model scenarios). 
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Figure 54e.  Estimated male growth for cardigan smooth with weights 1, 2 and 3 on 

growth likelihood (2a, 2b and 2c model scenarios). 
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Figure 62. Base Model. 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  64.  Base Model. 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 73.  Base Model.  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 74.  Base Model.  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 104.  Recruitment estimates from the 2012 and 2013 assessments, and the Base model (2014). 
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Figure 103.  MMB at mating from the 2012 and 2013 assessments, and the Base model (2014). 
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Figure 68.  Base Model.  Model fit to the survey female size frequency data.  Circles are  

observed survey data.  Solid line is the model fit. 
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Figure 69. Base Model.  Residuals of fit to survey female size frequency.  Filled circles 

are negative residuals. 
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Figure 70.  Base Model.  Model fit to the survey male size frequency data. Circles are 

observed survey data.  Solid line is the model fit. 


