Estimation of selectivity, growth,
and natural mortality in the
assessment for EBS snow crab



CPT and SSC comments

The CPT had several comments and questions related to formatting and presentation from the September
2016 meeting:

Review SAFE guidelines to make sure required tables and figures are present

Plot the relative proportion of new to old shell males to see how important the lack of fit to old shell
males really is

Plot Bayesian posterior intervals for growth parameters

Model 0 has to be last year’s accepted model

These issues will be corrected in the SAFE document presented at the September meeting. The CPT also
had several suggestions for potential model runs and expanded analyses, including:

Estimate M for mature females

Document rationale for prior on M for immature crab

Try starting the assessment in 1982 to check the behavior of the survey gs when the first survey stanza
is excluded

Apply priors to the survey qs so they are somewhat constrained

Provide more detailed MCMC chain diagnostics

Extract byecatch mortality from the Tanner crab directed fisheries that is currently lumped into the
groundfish trawl bycatch (in a table in the assessment chapter, not necessarily in the model)



Overview

1. MCMC diagnostics and Bayesian vs. maximum likelihood
1. Bayesian methods designed to produce distributions
2. Diagnostics suggests some problematic population processes

2. Survey selectivity
1. Eliminate the first 4 years of data
2. Think about how to use BSFRF data

3. Growth
1. Piecewise models causes problems, but contributes little to the model
2. Unclear what the best model is

4. Natural mortality
1. Mature female natural mortality should be estimated
2. Priors for immature natural mortality should be revisited



Bayesian methods vs. maximum likelihood

Goal: set a TAC that accounts for scientific uncertain*’

OFL

Historical methods:
Aestimate parameters via ML
Ainput parameters into projection script

Alnput numbers at length for the final year in the
projection script with error

A Calculate a distribution of the OFL based on the er
added to the numbers at length

Problems with historical methods: ) |

AParameter values are not perfectly know, but are
assumed so.

AError added to numbers at length is arbitrary, but
determines the distribution of the OFL.

Alittering was required to ensure MLEs were found
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Bayesian methods vs. maximum likelihood

Goal:set a TAC that accounts for scientific uncertaint’

OFL

Bayesian methods:
AAssume a distribution for each parameter

ADo not require copying and pasting model output

APosterior distributions of the OFL are a result of the
uncertainty in parameter estimates

Issues with Bayesian methods:
APriors must be specified

ATimeconsuming 3 ;D M '

AKnowing the model has converged is difficult (thouy,..
there are many diagnostics to identify non
convergence)

AReliant on thevar/covarmatrix; therefore reliant on an
appropriately specified model



Bayesian methods vs. maximum likelihood

A possible modification of historical methods
that avoids Bayesian methods:

ACalculate the OFL during the fitting of the
model instead of in the report section and
Include the OFL assa reportvariable

AThen produce a distribution of the OFL with
calculated standard deviation

AL ONASR GKA&a 2y 0OS g,
out the model blew up.

10 20

Alt takes forever to fit the model because
reference points and the OFL have to be
calculated in every step.
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MCMC diagnostics

al al A& dzaSR (2 WodzA - =~
parameters and derived quantities

ADiagnostics check for appropriate specificat
of the model andrar/covarmatrix (used to

explore the posterior)

AStationarity in the traces for parameters anc
the objective function (mixing)

ANo parameters hitting bounds

Alf there are problems in these diagnostics, t
cautious about inference from the model
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Diagnostic summary

ASeveral processes have problem parameters

ASlow mixing:
A Growth parameters
A Recdevs
A Initial numbers at length

ABound hitting
A Growth parameters
A Survey selectivity (NMFS) during era 1
A Industry survey selectivifyarameters

ADealt with slow mixing by using really long chains last year, but this takes a very
long time

AMethods for adjustment
A Priors on parameters hitting their bounds

A Reformulating the model
A Excluding problematic periods of data



Estimating survey selectivity

AHistorical methods
AData
AModel runs

AModel results
AFits
AOFL and reference points
AProcesses influenced

ARecommendations



Historical methods

A Logistic selectivity
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Historical methods
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Historical methods

A Logistic selectivity

AThree eras
A 19781981: different gear
A 1982:1988: different area
A 1989 present: current

A Catchability coefficient (q)
A Changes in estimates over time
A Era 1 has always been fixed at 1
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Estimated catchability
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Historical methods
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A Logistic selectivity 5 0 ()
AThree eras
A 19781981: different gear T —
A 19821988: different area 00
A 1989 present: current 100 '
ACatchability coefficient (q) o H
A Changes in estimates over time 2 - H o | HJ | f
A Era 1 has always been fixed at 1 ol | + | *MHJM :
Alssues o+
A Q modulates the impact of catch on the survey index 77
AC2NBAIY FfSSia ¢SNB SEOf dzt
clear if the catches are fully represented in era 1
A Q in the first era is consistently estimated on its bounds ., |
and anchors the catchability in the othera
AAre the survey eras appropriately chosen? 1
AAre there alternate sensible configurations? o | I
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