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Changes From 2017 Assessment

• Changes to model
• Male maturity data fit in model

• New trawl survey data for 2018
• annual male maturity ogives (1990+)
• size compositions by sex, shell 

condition, maturity
• male maturity ogives

• New Fishery Data for 2017/18
• Directed Tanner crab fishery

• 2017/18 catch and size compositions
• snow crab pot fishery

• 20117/18 bycatch, size compositions
• BBRKC pot fishery

• 2017/18 bycatch, size compositions
• groundfish fisheries

• 2017/18 bycatch, size compositions for 
combined gear

• Revised Crab Fishery Data
• Tanner crab pot fishery

• Revised total catch biomass, 1992/93+
• snow crab pot fishery

• Revised total catch biomass, 1992/93+
• BBRKC pot fishery

• Revised total catch biomass, 1992/93+



Management Regions



Fishery Trends
Retained catch Bycatch



Recent Fishery Trends: Retained Catch



Recent Fishery Trends: 
Total Catch



Recent Fishery Trends: Directed Fishery Total Catch Size Comps



Recent Fishery Trends: Snow Crab Total Catch Size Comps



Recent Fishery Trends: BBRKC Total Catch Size Comps



Recent Fishery Trends: Bycatch in the Groundfish Fisheries



Bycatch Trends in the Groundfish Fisheries



NMFS EBS Trawl Survey Trends



NMFS EBS Trawl Survey Trends (recent)



NMFS EBS Trawl Survey Trends



NMFS EBS Trawl Survey 
Trends: Preferred Males





Spatial patterns



Revisions to Total Catch in the Crab Fisheries

• Previously, Total Catch = Expanded Discard Catch + Retained Catch
• Discard catch: from at-sea observers classifying discards

• Expanded Discard Catch = (pots fished)/(pots obs)*(obs discard catch)
• biomass based on old LW relationships
• included “summary pot” data?
• changes in ”target” (total effort, observed pots)?

• Retained catch: from fish ticket data

• Now: TC = Expanded Total Catch = (pots fished)/(pots obs)*(obs total catch)
• observed total catch: from at-sea observers

• ignores observer discard/retained classification
• includes only “detail pot” data
• biomass based on standard LW relationships



Revisions to Total Catch in the Directed Fishery
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• 2016: fishery closed



Revisions to Total (By)Catch in the Snow Crab Fishery
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Effects on Assessment Model Results

Directed Fishery

Snow Crab Fishery



Effects on Assessment Model Results
Fits to Survey Biomass

Survey Q’s

Survey Capture Prob.s



Effects on Assessment Model Results



Assessment Model Results: 2017 to 2018



Tier 3 stage/size-based population dynamics model

•model year runs July 1 to June 30
• sex, shell condition, maturity state, carapace width
• sex/stage-based natural mortality (2 time stanzas)
• trawl survey occurs July 1
• fisheries occur Feb. 15

•directed fishery (retained and bycatch)
•bycatch in snow crab fishery
•bycatch in BBRKC fishery
•bycatch in groundfish fisheries

• sex-specific growth & maturity (after fisheries)
•pre-molt/post-molt size transition matrix
• size-specific probability of maturing on molt
• terminal molt to maturity

• spawning stock (MMB) assessed at mating, before 
growth



New data type: male maturity ogives (based on chela heights)



Male maturity ogives (based on chela heights)

• size-specific maturity ogives based on classifying new shell male 
crab by measured chela height-to-carapace width (CH:CW) 
ratios can be included in model likelihood

• eliminates need to classify male crab by maturity “outside” the 
model
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Model Data Coverage

year
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1948
1949
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1952
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1964
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1967
1968
1969
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1972
1973
1974
1975
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1978
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1991
1992
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2001
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2003
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2017
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Model styr
Historical recruitment (model spin-up) Recruitment

1982+ for mean recruitment
Directed Tanner crab fishery (TCF)
retained catch numbers, biomass

size compositions
effot (potlifts)

total numbers, biomass
catch size compositions
Snow crab fishery (SCF)
bycatch numbers, biomass

size compositions
effot (potlifts)

BBRKC fishery (RKF)
bycatch numbers, biomass

size compositions
effot (potlifts)

Groundfish fisheries (GTF)
bycatch biomass (combined sexes)

size compositions (by sex)
Survey

abundance, biomass
size compositions
size-weight relationships
male maturity ogives (chela height data)
growth data

closed

closed

closed

closed

closed



2017 Assessment Model



2017 Assessment Model



2017 Assessment Model



Alternative Model Scenarios

model scenario
number of 

parameters
  description

17AM (B2b) 344 2017 assessment model

17AMu 344 17AM with updated crab fishery data

18A (B0) 357 17AMu with 2017/18 fishery data and 2018 NMFS survey data

18B (B1) 340
18A with fits to male maturity ogives. Reduced number of molt-to-maturity parameters 

(17 fewer)

18C0 (B2) 340
Fitting male maturity ogives, survey biomass by sex, size compositions for males by shell 

condition and by maturity state and shell condition for females

18C0a 340 18C0, but reduced  weight (/100) on fitting male maturity ogives

18C1 (B4) 340 18C0, but also fitting survey abundanceby sex

18C1a 340 18C1, but reduced  weight (/100) on fitting male maturity ogives

18C2a 334
18C1a, but fixing sex-specific survey Q's and selectivity functions  for 1982+ based on 

Somerton and Otto (1999)'s underbag experiment

18C3a 334
18C2a, but fixing survey Q's 1982+ based only on Somerton and Otto (1999)'s male 

catchability from the underbag experiment

18D0 (B3) 340
Fits to male maturity ogives, survey biomass by sex, and  size compositions for males 

aggregated over shell condition and by maturity state for females

18D1 (B5) 340 18D0, but also fitting survey abundance by sex



The “Underbag” Experiment

• Somerton and Otto, Fish. Bull.,1999
• Results used as priors on survey Q’s
• 18C2a: fixes Q, selectivity

• mature males, immature females = “mixed sexes”
• mature females = “mature females”

• 18C3a: fixes Q, selectivity
• all crab = “mixed sexes”



Author’s Preferred Model: Support from BSFRF SBS data for fixing 
survey catchability/selectivity using the underbag experiment 



Fits to Data: 17AM, 17AMu, 18A

Name Component Type Distribution Likelihood
abundance -- --
biomass norm2 males only
size comp.s multinomial males only
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass lognormal by sex, for mature crab only
size comp.s multinomial by sex/maturity 
chela height data -- --

growth data EBS only gamma by sex

17AM, 
17AMu, 

18A

TCF: retained catch

TCF: total catch

SCF: total catch

RKF: total catch

GTF: total catch

NMFS survey



Fits to Data: 18B
Name Component Type Distribution Likelihood

abundance -- --
biomass norm2 males only
size comp.s multinomial males only
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass lognormal by sex, for mature crab only
size comp.s multinomial by sex/maturity 
chela height data binomial for males

growth data EBS only gamma by sex

18B

TCF: retained catch

TCF: total catch

SCF: total catch

RKF: total catch

GTF: total catch

NMFS survey



Fits to Data: 18C0, 18C0a
Name Component Type Distribution Likelihood

abundance -- --
biomass norm2 males only
size comp.s multinomial males only
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass lognormal by sex, all crab

size comp.s multinomial
males: by shell condition     
females: by maturity state, shell 
condition

chela height data binomial for males
growth data EBS only gamma by sex

18C0, 
18C0a

TCF: retained catch

TCF: total catch

SCF: total catch

RKF: total catch

GTF: total catch

NMFS survey



Fits to Data: 18C1, 18C1a, 18C2a, 18C3a
Name Component Type Distribution Likelihood

abundance -- --
biomass norm2 males only
size comp.s multinomial males only
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance lognormal by sex, all crab
biomass lognormal by sex, all crab

size comp.s multinomial
males: by shell condition     
females: by maturity state, shell 
condition

chela height data binomial for males
growth data EBS only gamma by sex

18C1, 
18C1a, 
18C2a, 
18C3a

TCF: retained catch

TCF: total catch

SCF: total catch

RKF: total catch

GTF: total catch

NMFS survey



Fits to Data: 18D0
Name Component Type Distribution Likelihood

abundance -- --
biomass norm2 males only
size comp.s multinomial males only
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance lognormal --
biomass lognormal by sex, all crab

size comp.s multinomial
males: summe over shell cond.     
females: by maturity state

chela height data binomial for males
growth data EBS only gamma by sex

18D0

TCF: retained catch

TCF: total catch

SCF: total catch

RKF: total catch

GTF: total catch

NMFS survey



Fits to Data: 18D1
Name Component Type Distribution Likelihood

abundance -- --
biomass norm2 males only
size comp.s multinomial males only
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance -- --
biomass norm2 by sex
size comp.s multinomial by sex 
abundance lognormal by sex, all crab
biomass lognormal by sex, all crab

size comp.s multinomial
males: summed over shell cond.     
females: by maturity state

chela height data binomial for males
growth data EBS only gamma by sex

18D1

TCF: retained catch

TCF: total catch

SCF: total catch

RKF: total catch

GTF: total catch

NMFS survey



Model Scenarios

18D1: did not converge



2018 Model Scenario Results: Fits to Male Catch Biomass

Retained Catch

GTF Total Catch

SCF Total Catch

TCF Total Catch



2018 Model Scenario Results: Fits to “Other” Data 

Growth Data Maturity Ogive Data



2018 Model Scenario Results: Fits to NMFS Survey Biomass



2018 Model Scenario Results: Fits to NMFS Survey Biomass



2018 Model Scenario Results: Recruitment



2018 Model Scenario Results: Mature Population Biomass



2018 Model Scenario Results: Population Abundance



2018 Model Scenario Results: Survey Characteristics
Fully-selected Catchability Capture Probabilities



Average RMSEs for different fishery data components
catch.type data.type fit.type x 18A 18B 18C0 18C0a 18C1 18C1a 18C2a 18C3a 18D0

total catch abundance BY_TOTAL all sexes 1.19 1.34 1.33 1.18 1.28 1.17 1.27 1.31 1.41
biomass BY_TOTAL all sexes 0.06 0.06 0.06 0.07 0.06 0.07 0.09 0.10 0.06
n.at.z BY_XE female 374.07 370.62 392.96 401.93 386.04 394.18 390.27 378.12 364.70

male 371.14 318.81 313.14 342.07 313.58 352.02 310.12 313.03 332.45
total catch abundance BY_X female 26.16 24.43 27.50 31.38 30.15 33.22 25.63 243.70 25.37

male 19.04 18.12 18.30 19.27 18.48 19.34 19.74 19.86 18.31
biomass BY_X female 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01

male 0.17 0.17 0.17 0.17 0.17 0.17 0.19 0.19 0.17
n.at.z BY_X female 50.27 49.28 50.43 51.18 49.65 49.89 51.16 42.02 53.59

male 67.04 67.88 67.46 64.88 68.12 66.73 65.41 64.38 69.35
total catch abundance BY_X female 12.21 12.73 12.31 13.38 11.70 12.71 11.12 14.30 12.20

male 2.71 2.69 2.68 2.70 2.70 2.71 3.01 2.95 2.67
biomass BY_X female 0.09 0.09 0.09 0.08 0.09 0.08 0.05 0.07 0.09

male 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.07
n.at.z BY_X female 69.38 71.22 69.80 68.30 70.41 69.35 72.79 74.39 69.30

male 346.62 351.28 341.70 333.22 311.33 309.99 270.11 280.42 361.13
retained catch abundance BY_X female 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

male 3.99 3.98 4.04 4.06 4.06 4.03 4.46 4.50 3.94
biomass BY_X female 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

male 0.19 0.19 0.17 0.19 0.16 0.17 0.24 0.26 0.18
n.at.z BY_X male 527.37 403.22 407.14 537.08 412.10 548.23 463.03 460.23 416.42

total catch abundance BY_X female 70.98 56.84 61.45 74.72 66.15 80.57 58.00 59.75 66.17
male 1.16 1.09 1.11 1.20 1.12 1.20 1.10 1.09 1.06

biomass BY_X female 0.28 0.28 0.30 0.30 0.31 0.31 0.28 0.28 0.29
male 0.19 0.18 0.18 0.20 0.18 0.19 0.20 0.20 0.18

n.at.z BY_X female 184.36 185.71 192.13 189.51 199.10 196.16 205.96 201.38 187.44
male 346.02 413.43 410.06 337.85 405.06 334.33 317.20 309.97 406.67



Average RMSEs for different survey data components

fleet catch.type data.type fit.type x 18A 18B 18C0 18C0a 18C1 18C1a 18C2a 18C3a 18D0
NMFS (all by XM) index catch abundance BY_XM female 2.93 2.99 2.74 2.76 2.46 2.48 2.44 2.67 2.79

male 3.05 3.13 3.05 3.15 2.65 2.78 2.55 2.68 3.32
biomass BY_X_MATONLY female 2.37 2.43 2.28 2.25 2.30 2.29 2.03 2.37 2.42

male 2.42 2.47 2.56 2.48 2.40 2.41 2.11 2.06 2.88
n.at.z BY_XME female 425.44 400.73 400.38 403.24 317.22 335.14 414.03 226.70 370.93

male 456.14 520.94 513.95 393.65 495.45 388.14 323.05 324.67 518.19
NMFS (females by XM) index catch abundance BY_X female 3.02 3.01 2.72 2.78 2.36 2.40 2.47 2.49 2.75

male 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
biomass BY_X female 2.48 2.50 2.30 2.31 2.22 2.23 2.05 2.26 2.40

male 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n.at.z BY_X_ME female 172.54 170.56 220.98 229.80 148.23 160.05 191.31 119.83 191.30

NMFS (females by XMS) index catch abundance BY_X female 3.02 3.01 2.72 2.78 2.36 2.40 2.47 2.49 2.75
male 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

biomass BY_X female 2.48 2.50 2.30 2.31 2.22 2.23 2.05 2.26 2.40
male 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

n.at.z BY_XM_SE female 174.26 177.28 208.97 211.05 186.43 198.27 203.21 145.63 177.33
NMFS (males by X) index catch abundance BY_X female 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

male 3.48 3.48 3.38 3.39 2.76 2.82 2.77 2.86 3.51
biomass BY_X female 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

male 2.57 2.58 2.67 2.62 2.38 2.42 2.25 2.18 2.85
n.at.z BY_X male 203.11 189.35 191.12 201.79 189.09 193.18 159.00 154.78 191.06

NMFS (males by XS) index catch abundance BY_X female 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
male 3.48 3.48 3.38 3.39 2.76 2.82 2.77 2.86 3.51

biomass BY_X female 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
male 2.57 2.58 2.67 2.62 2.38 2.42 2.25 2.18 2.85

n.at.z BY_X_SE male 254.38 284.67 328.50 234.20 326.16 248.80 225.49 210.51 251.80

• “fleet” = dataset
• X = sex, M = maturity state, S = shell condition



Author’s Preferred Model: 18C2a—best of the not very good?

• Fixes NMFS trawl survey catchability and selectivity based on Somerton and Otto 
(1999) “underbag” experiment 
• BSFRF SBS data provides some support for this

• Provides reasonable fits to data

• Provides most reasonable characterization of stock productivity
• Fits to most dis-aggregated datasets

• male survey size compositions fit by shell condition
• female survey size compositions fit by maturity state and shell condition



Author’s Preferred Model: Comparison with 17AM 

Feb. 15



Author’s Preferred Model: Comparison with 17AM 
July 1



Author’s Preferred Model: Comparison with 17AM 

growth Pr(terminal molt | size)natural mortality



Author’s Preferred Model: Comparison with 17AM 



Author’s Preferred Model: 
Comparison with 17AM 





Author’s Preferred Model: MCMC Results 



Status Determination 
&  OFL Calculations



Status Determination & 
OFL Calculation

• FMSY =  0.93 yr-1

• mean recruitment =  199 million
• BMSY =  21.87 thousand t
• 2018/19 MMB-at-mating =  23.53 thousand t
• B/BMSY =  1.08
• Tier =  3a



Quad (Kobe) plot



Management Reference Points

Basis for the OFL

Biomass units: 1000’s t

Not overfished
No overfishing

Management Performance



Future Directions

• incorporate BSFRF SBS index survey data

• develop more extensive MCMC diagnostics

• go back to basics (again): build model from ground up

• explore M / growth / maturity covariation
• explore size-dependent M

• determine appropriate likelihood weightings for growth, male maturity data

• start building Gmacs Tanner crab model

• disaggregate East/West directed fisheries in model




