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Summary

• Stable model in GMACS since 2018

• Directed fishery was closed in 2021/22 and 2022/23 season due to 
low mature female abundance.

• Low recruitment in recent years (last 8-12 years), projected decline in 
biomass without a large recruitment event

• Model explorations around a few themes:
• GMACS updates

• Start year for model (1975 vs 1985)

• Natural mortality

• Q for NMFS trawl survey 

• Sensitivity to female resample data (re-tow data)
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CPT / SSC comments

• Stock structure template for Bering Sea red king crab – draft May 2023

• Natural mortality – scale and whether it should be estimated or not

• Q for both surveys 
• Explore how to estimate them and potentially with linked in some fashion

• Retrospective patterns
• High priority on source of these
• Decreases some with estimated M – models in 23.0a, 23.0b, 23.0

• Re-tow / resampling for females and the utility of this data
• Model 23.2

• Other comment themes not yet addressed: initial conditions, VAST, re-do 
M likelihood profile

3



Female re-tow / resampling exploration
• Historic rationale: 

• Characterize the reproductive status of BBRKC mature females given temperature-
driven delays in the molt/mate cycle

• Accurately assess the relative abundance of BBRKC mature females given that 
females may be outside the surveyed area when the cycle is delayed

• Current rationale clarifications:
• Improve accurate of size composition data post-molt for females
• Abundance estimate of mature females (same as previous)

• Resampling occurred in 1999, 2000, 2006 to 2012, 2017, 2021
• All except 2021 had at least 25% of mature females that did NOT complete the molt-

mate cycle

• Model 23.2
• Remove “re-tow” data from the base model by estimating the base model (21.1b) 

with only leg 1 survey data – both biomass and size compositions.
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1999, 2000, 2006 to 2012, 2017, 2021
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Recruitment – model 23.2
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Model 23.2: Female re-tow

• Continuation of re-tow for females vital in years where large number 
of females are delayed in the molt-mate cycle

• Sampling females at the same point in their annual cycle is vital to the 
assumptions of the population dynamics and therefore the 
population model

• Did not address the current 10% threshold here or the influence on 
the State of Alaska harvest strategy
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2023 Model explorations

21.1b: the base model from September 2022.

21.1b(update): model 21.1b + using the recently updated version of GMACS (version).

22.0: model 21.1b (update) + starting in 1985.

23.0: model 21.1b (update) + fixing M = 0.257 for males (Then et al. 2015).

23.0a: model 21.1b (update) + +estimating a constant M for males.

23.0b: model 21.1b (update) + fixing M = 0.31 for males from previous likelihood profile work
(2020 & 2021)

23.1a: model 21.1b (update) + increased CV for Q prior for NMFS trawl.

23.3: model 23.1a + 23.0a (increased CV on Q estimating M)

23.2: model 21.1b (update) – removing “retow” data for females in years they were resampled



GMACS updates
• Likelihoods identical (2 decimal 

places)

• Small differences in projected 
specifications – likely due to 
projection iterations
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Model Current 
MMB

B35% MMB
/BMSY

F35% FOFL OFL

21.1b (2022) 16.95 24.03 0.71 0.30 0.20 3.04

21.1b(update) 16.76 22.25 0.75 0.30 0.22 3.21



• Model fits to NMFS 
trawl survey data are 
similar.
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• Model fits to NMFS 
trawl survey data for 
models with change in 
CV on prior for Q.
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Residuals 
of total 
NMFS 
survey 
biomass
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• Error bars show additional error 

• BSFRF survey catchability is 
assumed to be 1.0

• Similar fits 
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Mortality 
biomass (equal 
to catch 
biomass times 
handling 
mortality rate)
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Mature male biomass
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Mature male biomass – from 1985 +
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NMFS trawl survey selectivity:
- largest differences in high M 
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BSFRF survey 
selectivity

- Changes with 
increased M on 

males



Molting probabilities

22



Size composition fit

• Similar for all models

• Models with higher M values fit NMFS size comps slightly better at 
higher sizes
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Comparison of residuals for NMFS survey males
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Comparison of residuals for NMFS survey females
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Recruitment
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Highlighted cells 
show prior 
density values 
and total 
negative 
likelihood values 
without prior 
densities
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Retrospective patterns
Model 21.1b Model 22.0 Model 23.0a
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Summary and Recommendations

• Model 21.1b represents updated base – updates to GMACS and bycatch 
data

• Reducing the date time series produces similar results without complicated 
of M time block (late 70s/ early 80s)
• Higher retrospective pattern not well understood

• Estimating M results in higher M and higher F35%, confounding issues
• Estimating M results in higher M for males but also reduced retrospective 

pattern (Mohn’s rho reduced from 0.373 to 0.226)
• Recommendations:

• Base model 21.1b
• Model 23.0a – estimating M, reduces retrospective pattern, likely more accurate 

higher M
• Model 22.0 – appealing but concern over retrospective pattern
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Tier 4 simple modeling workgroup option 
• Based on the simpler modeling 

working group discussions

• Mature male biomass (legal 
size + one growth increment 
below = mature for BBRKC)

• Average B – calculated using 
MMB from 1984 to 2021 
(matches current Tier 3 
assessment B35% calcs)

• Assume 20% buffer – likely this 
would be different if we went 
with a Tier 4 option.
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avgBb (t) Current B MMB/Bms

y

M FOFL OFL ABC

28443.11 20328.15 0.71 0.18 0.12 2499.12 1999.30



Future work

• Q explorations – modeling workshop topic? More input on potential 
modeling options

• Initial conditions – explorations on these and suggestions for what to 
look at

• Sensitivity of model to growth / molting / size increment assumptions
• Hasn’t been revisited in awhile and would be good to explore

• Focus on retrospective pattern 
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