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Assessment: Tier 3 size-structured model

• Survey data
• biomass, size comps
• NMFS EBS shelf survey

• 1975-present (no 2020)
• male maturity ogives (2006+)

• BSFRF side-by-side haul studies 
• 2013-2017 (2018 not obtained)

• Molt increment data
• Fishery data (biomass, size comps)

• directed fishery (areas combined)
• retained catch (1965+)
• total catch (1991+)

• bycatch in 
• snow crab fishery (1990+)
• BBRKC fishery     (1990+)
• groundfish fisheries (1973+)

Fits to

• Avg. Rec., Fmsy, Bmsy,
• FOFL, OFL, ABC

Model estimates
• Natural mortality (M)
• growth (molt increment)
• probability of molt to maturity
• initial abundance
• recruitment
• fully-selected capture rates
• size-specific fishery selectivity 
• size-specific retention
• NMFS survey catchability
• NMFS survey selectivity

Determines

• weight-at-size
• handling mortality rates
• availability to BSFRF survey
• fully-selected sizes

Fixed parameters



Model time frames and data
year
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1985
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2017
2018
2019
2020
2021
2022

Model styr
Historical recruitment (model spin-up) Recruitment

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

size compositions x
effot (potlifts) x

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

size compositions x
effot (potlifts) x

BBRKC fishery (RKF)
bycatch numbers, biomass x

size compositions x
effot (potlifts) x

Groundfish fisheries (GT All)
bycatch biomass (combined sexes) x

size compositions (by sex) x
NMFS Survey

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

BSFRF SBS Survey
abundance, biomass
size compositions

closed
M

ISSING

closed

closed

closed

closed

closed



Population dynamics

process time blocks 22.03 description

Population rates and quantities
Population built from annual recruitment
Recruitment 1949-1974 ln-scale mean + annual devs constrained as AR1 process

1975+ ln-scale mean + annual devs 
1949+ sigma-R fixed, sex ratio fixed at 1:1

Growth 1949+ sex-specific
mean post-molt size: power function of pre-molt size
post-molt size: gamma distribution conditioned on pre-molt size

Maturity 1949+ sex-specific
size-specific probability of terminal molt
logit-scale parameterization

Natural mortalty estimated sex/maturity state-specific multipliers on base rate
priors on multipliers based on uncertainty in max age

1980-1984 estimated "enhanced mortality" period multipliers

1949-1979,      
1985+



Fisheries
Fishery/process time blocks 22.03 description
TCF directed Tanner crab fishery
capture rates pre-1965 male nominal rate

1965+ male ln-scale mean + annual devs
1949+ ln-scale female offset

male selectivity 1949-1990 ascending logistic
1991-1996 annually-varying ascending logistic
2005+ annually-varying ascending logistic

female selectivity 1949+ ascending logistic
male retention 1949-1990; 1991-

1996; 2005-2009; 
2013+

ascending logistic

% retained pre-1988 fixed at 100%
1991-1996 fixed at 100%
2005-2009 fixed at 100%
2013+ fixed at 100%

SCF bycatch in  snow crab fishery
capture rates pre-1978 nominal rate on males

1979-1991 extrapolated from effort
1992+ male ln-scale mean + annual devs
1949+ ln-scale female offset

male selectivity 1949-1996 dome-shaped (double normal)
--plateau width fixed to 0
--descending limb width fixed to 1

1997-2004 dome-shaped (double normal)
2005+ dome-shaped (double normal)

female selectivity 1949-1996 ascending logistic
1997-2004 ascending logistic
2005+ ascending logistic

Fishery/process time blocks 22.03 description
RKF bycatch in BBRKC fishery
capture rates pre-1952 nominal rate on males

1953-1991 extrapolated from effort
1992+ male ln-scale mean + annual devs
1949+ ln-scale female offset

male selectivity 1949-1996 ascending normal, asymptote fixed
1997-2004 ascending normal, asymptote fixed
2005+ ascending normal, asymptote fixed

female selectivity 1949-1996 ascending normal, asymptote fixed
1997-2004 ascending normal
2005+ ascending normal

GTF bycatch in groundfish fisheries
capture rates pre-1973 male ln-scale mean from 1973+

1973+ male ln-scale mean + annual devs
1973+ ln-scale female offset

male selectivity 1949-1986 ascending logistic
1987-1996 ascending logistic
1997+ ascending logistic

female selectivity 1949-1986 ascending logistic
1987-1996 ascending logistic
1997+ ascending logistic



Surveys

Survey/process time blocks 22.03 description
NMFS EBS trawl survey
male survey q 1975-1981 ln-scale

1982+ ln-scale w/ prior based on Somerton's underbag experiment
female survey q 1975-1981 ln-scale

1982+ ln-scale w/ prior based on Somerton's underbag experiment
male selectivity 1975-1981 ascending normal, fixed fully-selected size at 180

1982+ ascending normal, fixed fully-selected size at 180
female selectivity 1975-1981 ascending normal, fixed fully-selected size at 130

1982+ ascending normal, fixed fully-selected size at 130
BSFRF SBS trawl surveys
male catchability 2013-2017 fixed at 1 for all sizes
male availability 2013-2017 empirically-determined outside the model
female catchability 2013-2017 fixed at 1 for all sizes
female availability 2013-2017 empirically-determined outside the model
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23.02

• Fits to VAST model-

based biomass time 

series from NMFS 

EBS shelf survey
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Parameters at bounds
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22.03→22.03a→22.03b
• 22.03a: ADMB 13.1 + code development
• 22.03b: fixed retention slope parameter to 

upper bound (step function)
• no parameters at bounds

• Result: very, very small differences

Differences from 22.03

surveys fisheries



1-mm Model Size Bins: 23.01, 23.01a
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1-mm Model Size Bins: 23.01, 23.01a
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23.02 + 23.05’s: Fits to NMFS EBS Survey
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23.02 + 23.05’s: 
Fits to NMFS EBS Survey
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23.02 + 23.05’s: Fits to Directed Fishery Total Catch
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23.02 + 23.05’s: Fits to BBRKC Total Catch
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23.02 + 23.05’s: Differences from 23.03b
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23.03’s: Fits to NMFS Survey
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23.03’s: Fits to NMFS Survey
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23.03’s: Fits to Total Catch in the Directed Fishery
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23.03’s: Objective Function differences from 23.03b
surveys fisheries
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Summary of model fits

! 22.03b almost identical to 22.03
! 22.03b taken as base model for remaining comparisons

! 23.01, 23.01a very similar to 22.03b, just slightly worse

! 23.02: likelihoods for NMFS survey biomass not comparable with 22.03b
! better absolute-scale fits to NMFS survey biomass
! worse fits to NMFS size compositions
! worse fits generally to other data sources

! 23.05Õs: substantial improvements in fits to NMFS survey biomass over 23.02
! generally improved fits to size compositions compared with 22.03b (and 23.02)

! 23.03Õs: fits substantially degraded by fixing growth, NMFS survey selectivity
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Fishery bycatch selectivity curves im
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Directed fishery male selectivity/retention curves
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Estimated capture rates
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Management Quantities
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Tier 3 models for September

! 22.03b recommended as ÒbaseÓ model

! 23.02 suggested as alternative model
! develop model with no parameters at bounds

! No other models are recommended at this time
! continue to develop annually-varying M models
! get 2018 SBS study data to complete selectivity 

analysis



Outline

! Proposed Tier 3 Model Runs

! Tier 4 Model



Why Tier 4?

! Provides ÒfallbackÓ for unsatisfactory Tier 3 model



Tier 4 Model: BMSYDetermination

• BMSY = average MMB-at-mating over some time period
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Tier 4 Model: OFL Determination
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Determine Survey MMB

• Use state-space RW model (remapakage) to 
estimate survey MMB time series
• better capture trend
• estimate missing values



Retained catch

• assumed to be all mature males



Total Catch: Crab Fisheries

• mostly (but not all) mature males



Extrapolating Catch Data

Directed fishery: retained catch →total catch 

effort →total catch

effort →MMB total catch



Estimated Catch Mortality in Crab Fisheries



Bycatch in the Groundfish Fisheries

• substantial fraction notmature males



Estimated Catch Mortality in the Groundfish Fisheries



Estimating MMB at mating



Estimating BMSY



Status and OFL



Tier 4 Model Results

! M was set to 0.23. 
! The period 1982-2021 was used to determine

! BMSY

! average recruitment
! The period 2005-2021 was used to determine 

! !
! pMM.



Tier 4 Model Issues

• value for M 
• The period used to determine
• BMSY
• average recruitment

• The period used to determine 
• (
• pMM

• Include recruitment in status/OFL calculation?
• don’t
• use average
• bootstrap


