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EBS crab context
• No federal OFL/ABC has ever 

constrained removals

• In spite of conservative 
management (compared to OFL), 
the stocks are still at historical 
lows



EBS crab context
• No federal OFL/ABC has ever 

constrained removals

• In spite of conservative 
management (compared to OFL), 
the stocks are still at historical 
lows



Snow crab context

• Commercial males at all-time 
lows 

(no assessment needed)

• Taking all commercial males 
maybe not a good idea 

(no room of PhDs needed)



Currency of management + HCR
If the answer is “MMB”

• Reference points allow removal of all large males
• OFL will not be constraining 
• We don’t need an assessment 

If the answer is “Large males”
• Big can of worms
• Potential choke species at the federal level and ensuing tradeoffs
• Potential conflicts with the state rule

(the next [and harder] question is ‘how much of each do you want to keep in the water?)



SSC comments
(9/2024) The highest priority would be to continue to refine the Maximin analysis as requested by the
SSC in June 2024, specifically using values of steepness of 0.50, 0.67, and 0.80, and considering both the
Beverton-Holt and Ricker stock recruitment relationships. The yield analysis also indicated that fishing
mortality rates much lower than F35% achieved a high percentage of MSY, indicating potential flexibility
in specifying reference points. The SSC suggested that some type of collaborative work during the spring,
perhaps including SSC members and/or others might facilitate additional progress on this topic. The SSC
is interested in developing a wider range of options for reference points for snow crab for consideration
in the next assessment cycle.

B45% based on steepness from 2024



SSC comments
(9/2024) The highest priority would be to continue to refine the Maximin analysis as requested by the 
SSC in June 2024, specifically using values of steepness of 0.50, 0.67, and 0.80, and considering both the 
Beverton-Holt and Ricker stock recruitment relationships. The yield analysis also indicated that fishing 
mortality rates much lower than F35% achieved a high percentage of MSY, indicating potential flexibility 
in specifying reference points. The SSC suggested that some type of collaborative work during the spring, 
perhaps including SSC members and/or others might facilitate additional progress on this topic. The SSC 
is interested in developing a wider range of options for reference points for snow crab for consideration 
in the next assessment cycle.

B36% based on SSC steepness values



Both SBPR% were presented in 2024; both resulted in federal closures.
24.1a: Morphometric mature biomass; B35%

24.1b: >95mm mature biomass; B35%
24.1c: >95mm mature biomass; B45%

FEDERAL CLOSURE



SSC comments
(9/2024) The SSC again requests an analysis of the probability of maturing/terminal 
molt which addresses the observation error in these data and the lack of a 
monotonically increasing curve. A hierarchical analysis that treats years as random 
effects might be a starting point. The SSC would also like to better understand the 
sampling design for the molt data and is concerned about the weighting of the spatial 
samples in the analysis; weighting should be based on abundance if the sampling rate 
differs by area (which it would, unless abundance were uniform and/or the targets 
were in direct proportion to abundance).

Kodiak lab will be talking about this.



SSC comments
(9/2024) Investigate whether there is information outside the assessment model (e.g., 
larval or post-settlement data) or in the model, supporting estimated skewed sex-ratios 
at recruitment and the mismatch between recent large recruitments for males and 
females occurring in different years. Explore whether the estimated large differences in 
male and female recruitment years could be related to the lack of fit to molt-increment 
data.

I suggest excluding females from 
the model to focus on large 
males.



SSC comments
(9/2024) Geostatistical (e.g. VAST) modeling of trawl survey data including both the NBS and 
EBS should be prioritized. This could help understand some of the inconsistent 
recruitment/growth trends observed in recent years as well as prepare for potential changes 
in stock distribution or productivity under future warming of the Bering Sea. Geostatistical 
modeling should evaluate alternative error distributions and other model configurations as 
appropriate.

Kodiak lab talked about this.



SSC comments
(9/2024) For the Tier 4 fallback model requested by the SSC, the SSC recommends standardizing the 
approach to the Tier 4 fallback across BBRKC, Tanner and snow crab assessments so that the same 
methods are used for each including all mature male biomass, a BMSY proxy based on the time-series 
of REMA-smoothed survey estimates and an FMSY proxy based on the best estimate of natural 
mortality (from the Tier 3 model). As the SSC intends the Tier 4 calculation only as a fallback if the Tier 3 
analysis fails to converge, no other Tier 4 calculations need to be included in future assessments. 

I still think this is a bad idea, but I’ll do it.



Currency of management + HCR
If the answer is “MMB”

• Reference points allow removal of all large males
• OFL will not be constraining 
• We don’t need an assessment 

If the answer is “Large males”
• Big can of worms
• Potential choke species at the federal level and ensuing tradeoffs
• Potential conflicts with the state rule

(the next [and harder] question is ‘how much of each do you want to keep in the water?)



Assessment variants considered:

24.1: accepted model from last year
25.1: Same data from 24.1, but updated GMACS model
25.2: 25.1 + updated catch data from 1990-present provided by 
ADFG
25.3: 25.2 + updated growth data from Kodiak lab

25.3a: 25.3 + reference points calculated on commercial 
biomass instead of morphometrically mature
25.4: 25.3 + a single specified molting probability
25.4a: 25.3 + a single specified molting probability based on 
alternate analyses by Kodiak
25.5: 25.4 + a stacked logistic curve for survey selectivity

// ================================================ //
// 2023-03-23 ** MV ** (Upgrade GMACS to version 2.01.M.01) - 1. Fixed a bug in the checking section of the inputs for the growth maxtrix and growth increment model
// 2023-05-30 ** AEP. (Upgrade GMACS to version 2.01.M.02) Added labels for model output and GMACSALL.STD, mature abundance (SSBA) and fixed some bugs in the calculaton of Francis weights.
// 2024-01-08 ** AEP. (Updated GMACS to version 2.01.M.03) (a) Corrected a bug with labels for selectivity; (b) Tag emphasis can be real; (c) merged Cody changes wrt time-varying molt probability and functional maturity;
// 2024-01-09 ** AEP. (Updated GMACS to version 2.01.M.04) (a) added output for the weight units, (b) moved where last functional call, last phase and calculate reference points occurs
// 2024-01-09 ** AEP. (Updated GMACS to version 2.01.M.05) (a) fixed indexing for matrix-based weight-at-length; (b) maturity-specific length-weight, (c) formatted output for gmacsall.out, (d) added OFLs by fleet to gmacsall.out
// 2024-01-10 ** AEP. (Updated GMACS to version 2.01.M.06) (a) modified to output projected catches, (b) calculated historical mortality for projections
// 2024-01-11 ** AEP. (Updated GMACS to version 2.01.M.07) (a) updated the _in files to match the latest version of GMACS. (b) producted inputs files with estimated parameters and expected data
// 2024-01-29 ** AEP. (Updated GMACS to version 2.01.M.08) Fixed time-varying growth increment and added a trap for negative growth increments in fn calls 0 and 1
// 2024-02-01 ** WTS. (Updated GMACS to version 2.01.M.09) Added alternative format for inputting size comps data.
// 2024-02-02 ** WTS. Renamed BOTHSEX, BOTHMATURE to UNDET_SEX, UNDET_MATURE. Added MALES(=1) macro. Need to refactor MALESANDCOMBINED functionality.
//                    Removed MALESANDCOMBINED (duplicated MALES). Refactored selectivity assignments and recruitment (no need to loop over h, so cleaner not to). 
//                    Reformatted some code to add parentheses, replace tabs with spaces, and correctly indent blocks.
//                    Replaced o == 1/2 with o == NEW_SHELL/OLD_SHELL, similar for m.
// 2024-02-05 ** WTS. Reverted selectivity assignaments--needed to loop over h if slx_isex(k) was 0. Added alternative input format for fishery catch data.
// 2024-02-29 ** AEP. (Updated GMACS to version 2.01.M.10) (a) corrected error wrt retrospective patterns and catch re-in, (d) adding units to read-in, and (c) output selex andgradient output.
// 2024-03-03 ** AEP. (Updated GMACS to versions 2.10) (Corrected the terminal molt)
// 2024-03-04 ** AEP. (Updated GMACS to versions 2.10.01) (Added immature N matrices)
// 2024-03-06 ** AEP. (Updated GMACS to versions 2.10.02) (Change projections and OFL sections to use the genetic season update code and fixed a projection error for the propotional F case)
// 2024-03-07 ** AEP. (Updated GMACS to versions 2.10.03) (a) Moved the read-in of the general controls to the start of the CTL file, and (b) replaced the read-in of ntheta by its calculation
// 2024-03-08 ** AEP. (Updated GMACS to versions 2.10.04) (a) Improved speed for the Hessian inversion stage by making loops more efficient, and (b) corrected the projection component of the code
// 2024-03-12 ** AEP. (Updated GMACS to versions 2.10.05) Changed read-in for q and add_cv to allow for generic parameter structure
// 2024-03-26 ** AEP. Fixed stock-recruitment bug for two sex models and models with terminal molt
// 2024-03-28 ** WTS. Added PWRLAW_GROWTHMODEL as alternative to LINEAR_GROWTHMODEL
// 2024-03-29 ** AEP. (Updated GMACS to version 2.20.00) Updated read-in for selectivity, M, growth, additional variance, Q and overdispersion
// 2024-03-29 ** AEP. (Updated GMACS to version 2.20.01) Standardized how priors are handled
// 2024-03-31 ** WTS. (Updated GMACS to version 2.20.02) Added extra info to error messages when using alternative dat file format.
// 2024-04-01 ** WTS. For the PWRLAW_GROWTHMODEL, the input definition for the parameter corresponding to gscale is on the ln-scale, 
//                    so it is exponentiated when assigning G_pars(3) to gscale. 
//                    Changed format of output of block_limits to gmacs_ctl to column form.
// 2024-04-01 ** AEP. (Updated GMACS to version 2.20.03) Tidied up output labels (GMACS_IN and GMACS_OUT).
// 2024-04-02 ** AEP. (Updated GMACS to version 2.20.04) Tidied up penalties (added back one that was commented out)
// 2024-04-02 ** AEP. (Updated GMACS to version 2.20.05) Added new pre-specified selectivity option (11)
// 2024-04-03 ** AEP. (Updated GMACS to version 2.20.06) Added a smoothness penalty to spline selectivity and now output Fs and recruitent to gmacs_out.ctl
// 2024-04-03 ** WTS. Growth transition matrix scale parameter is on l-scale when molt bUseGrowthIncrementModel2==PWRLAW_GROWTHMODEL
// 2024-04-04 ** AEP. Added exit(1) condition when M_relative(ig==1)!=0 after flagging error condition (M specification for first group can't be relative).
// 2024-04-04 ** WTS. Fixed issues with parameter specification when mirroring survey catchability and/or additional survey cv.
//                    Cleaned up compiler warnings by changing " & " and " | " to "&& " and " || ", respectively. 
//                    Added missing immature crab use case for survey abundance/biomass calculations.
//                    Fixed issues with prior density calculations when mirroring q's or additional cv's.
//                    Added additional diagnostics for verbose>10.
//                    (Updated GMACS to version 2.20.07). 
// 2024-04-05 ** WTS. Revised Gmacsall.out formats to play nice with R. Also developed R code to read and create a list object from the .out file.
// 2024-05-08 ** WTS. Changed leading dimension of log_vn_pars, log_vn_lb, log_vn_ub, log_vn_phz, prior_log_vn_type, prior_log_vn_p1, and 
//                    prior_log_vn_p2 from nSizeComps_in (the number of input size comps) to nSizeComps (the number of size comps 
//                    after "aggregation") to better match the number of effective sample size parameters. nAgeCompType_in and 
//                    nAgeCompType were renamed iSizeCompType_in and iSizeCompType, respectively. 
//                    (Updated GMACS to version 2.20.08).
//                    Added N for females by maturity state and shell condition to Gmacsall.out as dataframe with males.
// 2024-05-08 ** WTS. Defined RepFile1 as outstream to "gmacs.rep1". Changed REPORT and REPORT2 macros to REPVEC and REPVEC2 macros for 
//                    vector (or scalar) quantities and added output to RepFile1. Added REPMAT and REPMAT2 mamcros to output matrices 
//                    to OutFile1 (Gmacsall.out), OutFile2 (gmacs.rep), and RepFile1. Added FUNCTIONs to_str and strg to create an adstring 
//                    representation of a space-separated vector (simplifies code to write a vector to a file).
// 2024-05-10 ** WTS. Added more output to RepFile1. Added explicit "Status" column to Summary section of Gmacsall.out to indicate whether
//                    parameter estimate was close to lower bound ("*-"), upper bound ("*+"), or neither ("ok").
//                    Changed "pen_fbar", "log_pen_fbar", and "log_pen_fbar_off" to "init_fbar", "log_init_fbar", and "log_init_fbar_foff"
//                    to better clarify their purpose. 
//                    TODO: "log_init_fbar_foff" (column 2 of F controls) is never used anywhere. It should be removed from the ctl file.
// 2024-05-11 ** WTS. Revised size fit summary to RepFile1 (gmacs.rep1), added mapInpToAggSizeComps matrix which provides mapping from input size comps to 
//                    aggregated size comps (and is used in then revised size fit summary). 
//                    (Updated GMACS version to 2.20.09.)
// 2024-05-12 ** WTS. Added commandline option ("-jitter rseed") to override gmacs.dat setting. If rseed is 0, rseed is set based on the model start time. 
//                    The value of rseed used to initialize the random number generator is written to "jitter.txt" to allow repeating a jittered model run. 
//                    (Updated GMACS version to 2.20.10.)
// 2024-04-13 ** WTS. Added initialization of log_foff to log_init_fbar_foff in INIATIALIZATION section (otherwise it initialized to 0).
//                    Added likelihood penalty for ln-scale mean female offset to nlogPenalty(2) similar to ln-scale mean for males (search on '20240413').
//                    Added fishing mortality parameters output to Rep1File.  
//                    Updated GMACS version to 2.20.11.
// 2024-04-22 ** AEP. Added bias-ramp for recruitment deviations. 
// 2024-05-10 ** WTS. Added alternative format for environmental time series data in the dat file.  
// 2024-05-14 ** AEP. (Updated GMACS to version 2.20.12) Extended initial conditions to allow reference length to pre-specified.
// 2024-05-16 ** AEP. (Updated GMACS to version 2.20.13) F-penalty applies to all seasons (not just season 2)
// 2024-05-20 ** WTS. Added commandline option to make a retrospective run using "-retro XX", where XX is the number of years to peel off.
// 2024-06-26 ** AEP. Added the ability to set Q for size-composition data
// 2024-06-27 ** AEP. (Updated GMACS to version 2.20.15) Corrected the way tail compression is implemented and added a pmin input
// 2024-07-02 ** WTS. Corrected scaling of input size comps so relative proportions of appended size comps always agree with 
//                    relative proportions of input sample sizes. Added ECHOs when verbose >=3 for d3_pre_size_comps_in and d3_pre_size_comps.
// 2024-07-23 ** WTS. (Updated GMACS to version 2.20.16) Added Dirichlet-Multinomial alternative calculation using iSizeCompType_in=6. Added 
//                    comparison of input/output sample sizes to Gmacsall.out file.
// 2024-07-24 ** WTS. Resolved issue in FINAL_SECTION with deleting ppSLX. ̀ nsel_use` is the size of ppSLX (the number of selectivity defined),
//                    not ̀ nsel_patterns`.
// 2024-10-22 ** WTS. (GMACS Version 2.20.17) Explicitly set n_deviations = 0 after declaration. 
//                    Added ECHOs for n_deviations at various stages of counting as diagnostics.
// 2024-11-07 ** WTS. (GMACS Version 2.20.17) Add a lot of verbose>3 cout's to calc_predicted_composition to diagnose ctl file problem specifiying aggregations. 
// 2025-01-14 ** AEP. (GMACS Version 2.20.18) Split the Fmsy for Tier 4 between fleets
// 2025-01-15 ** AEP. (GMACS Version 2.20.18) Added the floor spline selectivity pattern and the stacked logistic selectivity pattern
// 2025-01-30 ** AEP. (GMACS Version 2.20.20) Updated the weight aggregated comps are computed.
// 2025-02-15 ** MV.  (GMACS Version 2.20.21) Corrected indexing error for the random walk sigma.
// 2025-03-31 ** WTS. (GMACS Version 2.20.22) Added gamma distribution likelihood type (GROWTHINC_DATA_GAMMA) for non-tagging molt increment 
//                    data so likelihood is consistent with size transition matrices. Previous normal likelihood based on data CVs is still available. 
//                    Corrected logic error going back to 2.20.06 that prevented likelihood for non-tagging molt increment data from being calculated. 
//                    Reformated some code sections for better readability and to replace tabs with spaces. Added option and function to replicate 
//                    Tanner crab mean molt increment calculations.
// 

THANK YOU 
ANDRE AND BUCK!!



Assessment variants considered:

24.1: accepted model from last year
25.1: Same data from 24.1, but updated GMACS model
25.2: 25.1 + updated catch data from 1990-present provided by 
ADFG
25.3: 25.2 + updated growth data from Kodiak lab

25.3a: 25.3 + reference points calculated on commercial 
biomass instead of morphometrically mature
25.4: 25.3 + a single specified molting probability
25.4a: 25.3 + a single specified molting probability based on 
alternate analyses by Kodiak
25.5: 25.4 + a stacked logistic curve for survey selectivity

1.Date correcting pre-rationalized fisheries to the regulatory 
crab year (Jul – Jun)
2.Excluding pots that had compromised biotwine (i.e. rot 
cotton)
3.Consistent handling of missing data fields like legal status 
/ maturity
4.Expanding total catch / bycatch in a fishery using directed 
effort opposed to total fishery effort
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THANK YOU 
BEN AND TYLER!!

1.Date correcting pre-rationalized fisheries to the regulatory 
crab year (Jul – Jun)
2.Excluding pots that had compromised biotwine (i.e. rot 
cotton)
3.Consistent handling of missing data fields like legal status 
/ maturity
4.Expanding total catch / bycatch in a fishery using directed 
effort opposed to total fishery effort



Crabpack will be used for data pulls in September.

THANK YOU 
KODIAK LAB!!



Assessment variants considered:

24.1: accepted model from last year
25.1: Same data from 24.1, but updated GMACS model
25.2: 25.1 + updated catch data from 1990-present provided by 
ADFG
25.3: 25.2 + updated growth data from Kodiak lab

25.3a: 25.3 + reference points calculated on commercial 
biomass instead of morphometrically mature
25.4: 25.3 + a single specified molting probability
25.4a: 25.3 + a single specified molting probability based on 
alternate analyses by Kodiak
25.5: 25.4 + a stacked logistic curve for survey selectivity



Assessment variants considered:

24.1: accepted model from last year
25.1: Same data from 24.1, but updated GMACS model
25.2: 25.1 + updated catch data from 1990-present provided by 
ADFG
25.3: 25.2 + updated growth data from Kodiak lab

25.3a: 25.3 + reference points calculated on commercial 
biomass instead of morphometrically mature
25.4: 25.3 + a single specified molting probability
25.4a: 25.3 + a single specified molting probability based on 
alternate analyses by Kodiak
25.5: 25.4 + a stacked logistic curve for survey selectivity

THANK YOU 
KODIAK LAB!!



Assessment variants considered:

24.1: accepted model from last year
25.1: Same data from 24.1, but updated GMACS model
25.2: 25.1 + updated catch data from 1990-present provided by 
ADFG
25.3: 25.2 + updated growth data from Kodiak lab

25.3a: 25.3 + reference points calculated on commercial 
biomass instead of morphometrically mature
25.4: 25.3 + a single specified molting probability
25.4a: 25.3 + a single specified molting probability based on 
alternate analyses by Kodiak
25.5: 25.4 + a stacked logistic curve for survey selectivity



Assessment variants considered:

24.1: accepted model from last year
25.1: Same data from 24.1, but updated GMACS model
25.2: 25.1 + updated catch data from 1990-present provided by 
ADFG
25.3: 25.2 + updated growth data from Kodiak lab

25.3a: 25.3 + reference points calculated on commercial 
biomass instead of morphometrically mature
25.4: 25.3 + a single specified molting probability
25.4a: 25.3 + a single specified molting probability based on 
alternate analyses by Kodiak
25.5: 25.4 + a stacked logistic curve for survey selectivity



Assessment variants considered:

24.1: accepted model from last year
25.1: Same data from 24.1, but updated GMACS model
25.2: 25.1 + updated catch data from 1990-present provided by 
ADFG
25.3: 25.2 + updated growth data from Kodiak lab

25.3a: 25.3 + reference points calculated on commercial 
biomass instead of morphometrically mature
25.4: 25.3 + a single specified molting probability
25.4a: 25.3 + a single specified molting probability based on 
alternate analyses by Kodiak
25.5: 25.4 + a stacked logistic curve for survey selectivity



Assessment variants considered:
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Note on posted SAFE

• 25.3 and 25.3a should have been identical
• The ones in the document were not 
• I fiddled with 25.3 to try to get it to converge (unsuccessfully), but did 

not do the same fiddles to 25.3a



Assessment variants considered:

24.1: accepted model from last year
25.1: Same data from 24.1, but updated GMACS model
25.2: 25.1 + updated catch data from 1990-present provided by ADFG
25.3: 25.2 + updated growth data from Kodiak lab
25.3a: 25.3 + reference points calculated on commercial biomass instead of 
morphometrically mature
25.4: 25.3 + a single specified molting probability
25.4a: 25.3 + a single specified molting probability based on alternate analyses by Kodiak
25.5: 25.4 + a stacked logistic curve for survey selectivity



• Changes in timing of mortality during 2018-19 
heatwave

• Stacked logistic fits the early period better for 
males, but misses the 2018 run up

• Single molting probability models also miss the 
2018 run up





• Predictions for updated discard data 
did not fit as well



Model fits (lines) to the retained catch size 
composition data (grey bars).



Model fits (lines) to the female discard size 
composition data (grey bars).



Model fits (lines) to the male non-directed fishery 
size composition data (grey bars).



Model fits (lines) to the female non-directed size 
composition data (grey bars).



Model fits to immature male survey size composition 
data from 1982-1988.



Model fits to immature female survey size 
composition data from 1982-1988.



Model fits to mature male survey size composition 
data from 1982-1988.



Model fits to mature female survey size composition 
data from 1982-1988.



Model fits to immature male survey size composition 
data from 1989-present.



Model fits to immature female survey size 
composition data from 1989-present.



Model fits to mature male survey size composition 
data from 1989-present.



Model fits to mature female survey size composition 
data from 1989-present.



Estimated survey selectivity (lines) with normal priors 
derived from BSFRF selectivity experiment data. 
Points are the mean of the prior at a given size; 
intervals are 95th quantiles based on input CVs. 

Model 25.5 not estimated with priors.



Estimated selectivities by fishing fleet 
and sex for capture and retained 

catches.



Estimated fishing mortalities for the 
directed and non-directed fisheries.



Estimated recruitment by sex (bottom) and 
proportions recruiting to length bin (top) by model.



Estimated natural mortality by sex and 
maturity state. Natural mortality in all years 
previous to 2018 and after 2019 are equal to 

the estimated M in 2017.



Model predicted mature male 
biomass at mating time in 1,000 

tonnes.



BMSY Bcurr/BMSY OFL(tot) Fmsy Fofl

24.1 Status quo 191.81 0.56 19.60 49.63 25.07

25.1 update_gmacs 173.74 0.54 21.97 38.37 18.90

25.2 update catch 158.37 0.49 20.76 49.46 21.38

25.3 update growth 143.24 0.45 20.20 54.12 20.97

25.4 single molt 157.14 0.52 19.00 62.78 29.07

25.5 stacked surv sel 141.96 0.59 14.14 37.32 20.21

25.3a commercial targets 79.43 0.20 0.23 0.80 0.00

25.4a single molt (rev) 131.02 0.49 14.44 18.58 8.08

25.3 update growth: retained portion of the OFL 15.8 kt (of 20.20 kt)



Currency of management + HCR
If the answer is “MMB”

• Reference points allow removal of all large males
• OFL will not be constraining 
• We don’t need an assessment 

If the answer is “Large males”
• Big can of worms
• Potential choke species at the federal level and ensuing tradeoffs
• Potential conflicts with the state rule

(the next [and harder] question is ‘how much of each do you want to keep in the water?)



Focus on most immediate problems first
• Why model females when the large males are at historical lows and we don’t know why, but 

we’re still using reference points that recommend taking them all?

Work from what has happened, not what should have happened
• We have good data and do not observe a stock recruit relationship, perhaps we should stop 

trying to force a square peg
• This is where we can think about what an appropriate fraction is to leave in the water based 

on actions taken in the past and their outcomes

Work towards providing non-conflicting management advice
• I don’t know what this looks like, but it is counterproductive to have two different harvest 

control rules for the same stock that produce dissonant catch advice

Identify and quantify tradeoffs more effectively
• E.g. controlling non-directed bycatch vs. fishery losses



Currency of management + HCR
If the answer is “MMB”

• Reference points allow removal of all large males
• OFL will not be constraining 
• We don’t need an assessment 

If the answer is “Large males”
• Big can of worms
• Potential choke species at the federal level and ensuing tradeoffs
• Potential conflicts with the state rule

(the next [and harder] question is ‘how much of each do you want to keep in the water?)



Mortality events drive Bering Sea crab populations

• How frequent are large declines in Bering Sea crab populations?

• What drives these declines and are there common linkages?

• How can we consider mortality events in management?



Mortality events drive Bering Sea crab populations



Mortality events drive Bering Sea crab populations



Mortality events drive Bering Sea crab populations



Mortality events drive Bering Sea crab populations



Mortality events drive Bering Sea crab populations

Incorporating mortality events into reference points 
would allow more fishing at lower biomasses 

compared to not incorporating it.

How would size- and density-dependence in 
mortality change the shape of an optimal control 

rule?



Is spatial depletion in the fishery a problem?



Is spatial depletion in the fishery a problem?

• Fit glm() with log link to CPUE by 
statistical area

• Depletion = 1 −
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒
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• Large declines within area from 
beginning to end of season 
represent a large impact of the 
fishery in an area

• Depletion quite high in some 
areas and years



Currency of management + HCR
If the answer is “MMB”

• Reference points allow removal of all large males
• OFL will not be constraining 
• We don’t need an assessment 

If the answer is “Large males”
• Big can of worms
• Potential choke species at the federal level and ensuing tradeoffs
• Potential conflicts with the state rule

(the next [and harder] question is ‘how much of each do you want to keep in the water?)
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