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Executive Summary

Stock: species/area.
Southern Tanner crab (Chionoecetes bairdi) in the eastern Bering Sea (EBS).

Fishery update

Legal-sized male Tanner crab are caught and retained in the directed (male-only) Tanner crab fishery in
the EBS. Directed fisheries in the State of Alaska’s (SOA) Bering Sea District were opened in 2013/14
for the first time since 2009/10 because the stock was not overfished in 2012/13 (Stockhausen et al.,
2013) and stock metrics met the State of Alaska (SOA) criteria for opening the fisheries in 2013/14.
Currently, Total Allowable Catch (TAC) is set for two areas in the District, one west of 166° W longitude
and one between 163° W and 166° W longitude, and the fisheries open on October 15 and close on March
31. Prior to the closures in 2010/11, the retained catch averaged 770 t per year between 2005/06-2009/10.
In 2013/14, 80% (593.6 t) of the TAC in the western area (1,645,000 Ibs; 746.2 t) was taken, while 99%
(654.3 t) of the TAC (1,463,000 Ibs; 663.6 t) was taken in the eastern area.

In 2014/15, TAC was set at 6,625,000 Ibs (~3,000 t) for the western area and at 8,480,000 Ibs (~3,900 t)
for the eastern area. On closing, 78% (5,248,887 Ibs; ~2,400 t) of the TAC was taken in the western area
while almost 100% (8,459,998 Ibs; ~3,800 t) was taken in the eastern area.

In 2015/16, TAC was set at 8,396,000 Ibs (~3,800 t) for the western and at 11,272,000 Ibs (~5,100 t) for
the eastern area. On closing, 100% of the TAC was taken in both areas.

Recent changes (if any) to the management of the fishery.

At the March, 2015 SOA Board of Fish meeting, the Board adopted a revised harvest strategy for Tanner
crab in the Bering Sea District!, wherein the TAC for the area east of 166° W longitude would be based
on a minimum preferred harvest size of 127 mm CW (5.0 inches), including the lateral spines. Formerly,
this calculation was based on a minimum preferred size of 140 mm CW (5.5 inches). The TAC in the area
west of 166° W longitude continues to be based on a minimum preferred harvest size of 127 mm CW
(including lateral spines).

1 https://aws.state.ak.us/OnlinePublicNotices/Notices/Attachment.aspx?id=100244
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Responses to SSC and CPT Comments

1. Responses to recent SSC and CPT comments. [Note: for continuity with previous assessments, the
following includes comments prior to the most recent two sets of comments.]

October 2015 SSC Meeting
Comment: “The SSC endorses all of the CPT recommendations with respect to the poor fits to some of
the retained catch time series, poor fits to the size composition data for retained catch and survey data,
and issues with the total directed fishery selectivity curve for males (in particular the 1996 “outlier’).”
Response: See responses to CPT comments below.

Comment: “The SSC was unable to fully compare models, as the summary tables in the assessment did
not include the number of model parameters for evaluating differences in likelihoods.”

Response: A good point, and an oversight on my part. The number of model parameters will be included
in at least one summary table (e.g., Table 3 here).

Comment: “The SSC would have liked to have seen residual diagnostic plots for models assuming a log-
normal likelihood (B and D) to assess more fully the rationale for not further considering these models.”
Response: Residual diagnostic output (z-scores) have been added to model output, and z-score plots are
now included in the standard plots produced following a converged model run. Examples are available in
the “online” model results, but have not been included in this report.

Comment: “There are continuing concerns about the most appropriate weights to use for different data
components (CVs, effective N, etc.), and the SSC looks forward to recommendations from the data-
weighting workshop.”

Response: The author was unable to attend the workshop and looks to the CPT for specific
recommendations to follow.

Comment: “Strong residual patterns in numbers at size remain a concern and suggest model mis-
specification with respect to growth.”

Response: Growth increment data for Tanner crab in the Bering Sea was collected in 2015 for sub-adults
and is being collected now (April 2016) for smaller crab. Despite several requests to the concerned
parties, the author has not yet been able to obtain data already collected (including those from the Gulf of
Alaska), which is rather frustrating.

Comment: “The period with elevated M differs between male (1981-1985) and female crab (1980-84).”
Response: This was a mistake (now corrected) in the code that produced the plot. The periods are the
same (1980).

Comment: “The model overestimates female bycatch mortality in the snow crab fishery.”

Response: This issue is addressed more fully in the report. One factor responsible for this observation was
that the estimated male fishing mortality rate in each fishery was equally applied to females, with only
changes in selectivity available to better fit female bycatch. The option to estimate female-specific offsets
to (log-scale mean) male fishing mortality rates has been added to the model (model change C in this
report) and reduces this problem. Fits were also improved using a lognormal likelihood (with assumed
cv’s, model changes L0 and L1), rather than the standard normal likelihood.

September 2015 CPT Meeting
Comment: “The model fits total catch well, but does a poorer job in fitting retained catch, catch of
females, and catch in the bycatch fisheries.”
Response: There appears to be a conflict in the model between fitting total (male) catch and retained catch
in the directed fishery. Fitting discard catch rather than total catch (model change D in the report)
improved the fit to retained catch. This may also be an issue related to treating retained and total catch



with equal uncertainty in the standard model likelihood. Fits to female bycatch improved upon estimating
a female-specific offset to (log-scale male) mean fishing mortality (model change C in the report). Fits to
bycatch improved, in general, using a lognormal likelihood assumption for fishery catch data (model
changes L0 and L1 in the report), but it is unclear what are reasonable cv’s to use.

Comment: “Strong residual patterns exist in fits of male survey and retained-catch size composition...”
Response: See response to SSC comment regarding collection of growth increment data.

Comment: “It was not clear why the model estimates full selection [for males in the directed fishery] in
1996 at roughly 100 cm...”

Response: This result occurred because the 2015 assessment model was apparently not fully-converged,
even though it appeared to be (small maximum gradient, invertible hessian). Based on 200 model runs
jittering initial parameters, the minimum objective function for the converged model (Model O here) is
only 0.39 likelihood units smaller than the 2015 model, consequently the two results are essentially
indistinguishable on a likelihood basis. Bmsy for Model 0 is slightly smaller than the assessment model
result (25.7 vs. 26.8 thousand t), Fusy is slightly higher (0.71 vs. 0.64), and the OFL would have been
almost the same (27.9 vs. 27.7 thousand t).

Comment: “The poor fit of the models with lognormal fishery catch likelihoods (Models B and D [in the
2015 assessment] ... was surprising to some CPT members.”

Response: These models exhibited questionable convergence in the 2015 assessment. From results
obtained for this report using similar models, it is clear those models had not converged and the results
were spurious (as was suggested by the author at the time). For this report, we ran each model scenario
100-200 times with randomly-selected (jittered) initial parameter values to improve confidence in
obtaining a “converged” model result. The models with lognormal fishery likelihoods (models including
changes L0 and L1 in the report) now fit the data well—perhaps too well, in some cases.

Comment: “The author should consider fitting retained catch exactly.”
Response: Time did not allow exploring this possibility.

June 2015 SSC Meeting
No unaddressed comments.

May 2015 Crab Plan Team Meeting
Comment: “Future exploration...should consider the impact of handling mortality on the estimate of
natural mortality and how the model behaves if Q for the most recent years is assumed known rather than
being estimated.”
Response: This remains to be addressed.

Comment: “The CPT would like to see the results of analyses based on this (new) model at its September
2015 meeting”.
Response: The new model code (TCSAM2015) is presented in this report.

Comment: “The CPT reiterates its suggestions from the September 2014 meeting, in particular that the
sensitivity of the results to the prior on Q should be explored.”
Response: This remains to be addressed.

October 2014 SSC Meeting
Comment: “The SSC encourages authors to explore alternative models such as time-varying growth to
help address retrospective bias and patterns in other residuals.”
Response: This can be addressed in the future with the new model code (TCSAM2015).



Comment: “The SSC also encourages authors to explore model alternatives without time-varying
selectivity for the groundfish fishery.”
Response: This can be addressed in the future with the new model code (TCSAMZ2015).

June 2014 SSC Meeting
Comment: “Examine retrospective patterns of models being brought forward.”
Response: This will be possible using the new model code (TCSAM2015).

May 2014 Crab Plan Team Meeting
No unaddressed comments.



Introduction

This chapter reports on work undertaken since the (September) 2015 assessment of the BSAI tanner crab
stock (Stockhausen, 2015) to improve the Tanner crab stock assessment model (TCSAM). It also
proposes a limited number of scenarios to be evaluated for status determination and OFL setting at the
next assessment (September, 2016).

The principal emphasis of the work completed thus far has been two-fold: 1) to update the assessment
model code used in the 2015 assessment (TCSAM2013) to incorporate potential improvements to that
assessment and to evaluate these improvements relative to the previous version of the model and 2) to
evaluate a completely new version of the assessment code (TCSAM?2015) that constitutes a “bridge”
between a future GMACS assessment model and the current (TCSAM2013) model. As discussed below,
TCSAM2015 incorporates the GMACS fishing mortality model. It also eliminates all of the “hard-wired”
components of TCSAMZ2013 in favor of setting model configuration details completely using input files
rather than editing model code (e.g., specifying time periods or priors on parameters). Some model
parameters are re-scaled (e.g., from arithmetic to log scale) to improve model convergence and a revised
growth model algorithm is available as an option. The new code also provides more extensive model
fitting options and diagnostic output. Finally, Tier 3-type OFL calculations are incorporated directly in the
model code, rather than as standalone code for post-processing model results (as with TCSAM2013). In
addition, a companion simulation tool (rsimTCSAM) has been developed as an R package to test and
debug TCSAM2015, as has a companion diagnostic tool (rTCSAM2015) to make multiple model runs
and plot model output. It is anticipated that future improvements to the Tanner crab model (e.qg.,
incorporating BSFRF surveys, chela height data, and growth data) will be incorporated into TCSAM2015
and that TCSAM2013 will not be further updated.

TCSAM2013 updates

The TCSAM2013 model is discussed in detail in Appendix A to this chapter. Model code is available on
github (https://github.com/wStockhausen/wtsTCSAM?2013; the current branch is ‘dev20160316”).
Although the author would like to drop this code in favor of the more-flexible TCSAM2015 (discussed in
Part 2 to this report), a substantial amount of work has been done since Sept. 2015 as part of the transition
to TCSAM2015 to implement alternative approaches to model parameterization and data-fitting in the
code. In addition, more model options can now be specified in a “control file” and are no longer “hard-
wired” in the model code. The changes to the code are summarized in Table 1. The changes involved in
setting model options in the control file simplify running the model under different scenarios, mainly
because the model code no longer needs to be edited and recompiled to obtain the desired model
configuration. Options in the control file also allow the user to individually select the new
parameterization and data-fitting options or use the old ones. The implementation changes (highlighted in
Table 1) represent changes that might affect the model results. The effects of these alternatives have been
evaluated, to some extent, in this report except for the one (highlighted in orange in Table 1) involving
estimating the scalars used to extrapolate fishing mortality rates using effort data, which time did not
permit.

Specific individual changes to a jittered version of the 2015 assessment model (“Model 0”) considered in
this report are listed in Table 2. The impact of the individual changes were evaluated in 23 different
model scenarios both as single changes to Model 0 (Tables 3, 5) and as incrementally-combined changes
(Tables 3, 6, 7). For each model scenario, the model was run a number of times (Table 3, # of jitter runs)
with initial values for all estimated parameters randomly-selected (“jittered”) to evaluate model
convergence. Typically, only 10-20% of the runs converged to the lowest objective function value
(indicating the importance of jittering to evaluate convergence). The run with the smallest objective
function value and maximum gradient was subsequently selected as the run most likely to have truly
converged to the minimum objective function value. This model was re-run (using the jittered initial
values) to invert the hessian and obtain uncertainty estimates (standard deviations) for the parameters.
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Model 0 was run 200 times jittering the initial values for its parameters to evaluate convergence of the
2015 assessment model to the global minimum. As a result, it was discovered that the 2015 assessment
model, while the diagnostics examined (small maximum gradient, invertible hessian) suggested the model
had converged, it had done so to a local minimum and not the global minimum. While there is no
guarantee that Model 0 converged to the global minimum either, the large number of runs with random
starting locations provides enhanced confidence that this is indeed the case. Model 0 converged to an
objective function value of 2048.68 likelihood units, while the 2015 assessment model converged to
2049.07, a difference of 0.39 units (Table 4). From an overall likelihood standpoint, the 2015 model is
almost as credible as Model 0. However, examining values for the individual components included in the
total objective function reveals several larger (2-5 likelihood units) offsetting changes. The driver for
most of the changes appears to be the estimated selectivity curve for total male mortality in the directed
fishery in 1996 (Figure 1). The curve in the 2015 assessment is shifted towards much smaller crab than
any other year, while the corresponding curve from Model 0 is not. Furthermore, this change also affected
the total selectivity curve pre-1991, which is based on the average post-1990 curve. The 1996 total
selectivity curve was identified during the assessment as an issue to follow up on (and apparently now
resolved). Bmsy for Model 0 is slightly smaller than the assessment model result (25.7 vs. 26.8 thousand
t), Fmsy is slightly higher (0.71 vs. 0.64), and the OFL would have been almost the same (27.9 vs. 27.7
thousand t). More comparisons between the 2015 assessment model and Model 0 are available in the
accompanying online material in the file “ModelComparisons.2015vs0.zip”. [NOTE: In subsequent
figures, “2015 Model” refers to Model 0, not the 2015 assessment model.]

Comprehensive graphical comparisons between Model 0 and the single-change models are available in
the accompanying online material in the files “ModelComparisons.SingleChanges.A-D.zip” and
“ModelComparisons.SingleChanges.E-l.zip”.

Model change “A” consisted of changing the beginning of the “current” period for estimating log-scale
mean recruitment and deviation parameters from 1974 to 1975. This change was considered because,
prior to 2015, the beginning of the “current” recruitment period coincided with the first year of the NMFS
bottom trawl survey data series used in the assessment. In 2015, the survey time series was revised and
now starts in 1975, but the start of “current” recruitment was not changed to 1975. The effect of this
change, to be consistent with the rationale used in previous assessments, was thus evaluated. Relative to
the assessment model, this change had negligible impact on the results (Tables 3, 5 and 8).

Change “B” consisted of revising the normalization used in TCSAM2013 to combine sex-specific size
frequency data from observer bycatch sampling in the groundfish fisheries. The fits to the female size
compositions starting in 1997 in previous assessments (Figure 2) were particularly poor. Subsequent
investigation revealed that the observed male and female size compositions, when fit, were being
combined in an extended fashion using the sex-specific input effective sample sizes, not the original
sample sizes, to weight the sex-specific contributions to the extended composition. However, because of
the algorithm used to calculate them, the input effective sample sizes don’t necessarily reflect the overall
ratio of males to females in the original data. Consequently, an option was added to the code to normalize
the groundfish fisheries bycatch size compositions using the original sample size, rather than the input
sample, and evaluated as change “B”. Model 0 and models including change B are not directly
comparable because the data being fit is different (due to the different normalizations), so the objective
function values cannot be directly compared to evaluate the models from a likelihood standpoint (Tables
3, 5, and 8). However, it is apparent (Figure 2) that incorporating change B is the correct approach. This
change somewhat reduced estimated mortality rates for the bycatch in the groundfish fisheries and
historically (pre-1980) in the directed fishery. Final MMB-at-mating is ~7% larger with Model B,
compared to Model 0, while average recruitment (1982+) is 1% smaller.



To address model change “C”, parameters to estimate log-scale offsets for females to mean fishing
mortality (or capture, see below) rates were added to the model. This change stemmed from what
appeared to be poor fits to female bycatch in previous assessments (Figure 4, lefthand plot). Relative to
Model 0, this single change (Model C) improved the model fit by almost 40 likelihood units (Tables 3, 5)
while adding only 3 model parameters (bycatch mortality rates were not estimated for males or females
for the BBRKC fishery in Models 0 or C). The improved fit is clearly apparent in Model C (Figure 4,
righthand plot). Interestingly, this change had larger positive effects on fits to size compositions in the
fisheries, as well as size compositions for mature crab in the survey, than it did on fits to fishery bycatch
mortality. This was due to concomitant changes in estimated fishery selectivity for females (Figure 5).

Change “D” was implemented in the model code as an option to fit discard mortality (biomass) for males
in the directed fishery, rather than total mortality. It was hypothesized that fitting to discard mortality only
might be more accurate/effective, because “observed” total mortality simply combined observed discard
mortality and observed retained mortality. Although the total objective function values for Model 0 and
Model D (Table 3) are not directly comparable because the directed fishery total/discard mortality data
being fit are different, making this change did substantially improve the fit to retained catch biomass (~23
likelihood units) but also substantially degraded fits to retained catch size compositions (~28 units) and
total catch size compositions (~16 units) for the directed fishery (Table 5). The influence of the choice on
fitting total or discard mortality in the directed fishery on fishery size composition fits probably reflects
the fact that the total catch size compositions (from observer sampling) reflect total capture size
compositions, not discard compositions. Total catch size compositions are fit because it was felt that
observers were not distinguishing crab that would either be retained or discarded accurately enough to
allow use of “discard” size compositions. However, as has been noted previously, this introduces a logical
inconsistency into the model because the model estimates size compositions for total mortality in the
directed fishery, not total capture. It should also be noted that using the GMACS fishing mortality model
(see below) eliminates this inconsistency because it can estimate total capture size compositions, as well
as discard and retained compositions. Changes to final MMB-at-mating and average recruitment, relative
to Model 0, were very small.

Model change “E” turned on estimation of parameters related to bycatch fishing mortality rates in the
BBRKC fishery. In previous assessments, these rates have been fixed at nominal values—although
selectivity curves have been estimated. Estimating these parameters (including a log-scale female offset)
results in an improvement of almost 10 likelihood units over Model 0 (Table 3), but at the expense of
estimating 25 additional parameters. Somewhat surprisingly, estimating these parameters actually
degrades the “fit” bycatch mortality in the BBRKC fishery (Table 5)—however, the bycatch mortality
during the time period over which data is available (1992-present) is quite small and below any ability to
fit well using the model’s standard log-likelihood model for fishery mortality, which assumes that bycatch
mortality has an associated (but un-estimated) standard deviation of ~1000 t. Instead, the improvement in
overall model fit, which comes mainly through better fits to mature male and immature female size
compositions in the survey (Table 5), is probably related to a different extrapolation of pre-1992 bycatch
mortality rates in the BBRKC fishery using effort data.

In previous assessments, the log-scale parameter reflecting mean “historic” (1949-1973) recruitment was
initialized with a value of 0. Model change “F” was to evaluate the effect of setting the initial value for
this parameter to the same value as that used for the “current” recruitment period—with the concern that
the initial value might affect the convergence. For a single model run without jittering initial parameter
values, it turned out this change had no effect. For jittered model runs, the concern was irrelevant.

In previous assessments, the log-scale parameters associated with estimating the size dependence of the
probability of molting to maturity hit their upper bounds for larger crab because the probability had to be
< 1. In the 2015 assessment, 9 of the 32 parameters for males hit the upper bound (0, log-scale). This was



a concern because of indirect effects this behavior might have on model convergence and inverting the
model hessian to obtain parameter uncertainty estimates. Model change “G” introduced an option to
estimate these parameters on a logit, rather than log, scale. For Model G, only 1 out of 32 parameters for
males hit the upper bound (15, logit-scale). The estimated size-specific probabilities of molt-to-maturity
with model G were very similar to those obtained with Model, but lacked the decline seen in Model 0 for
the largest male crab (Figure 6). However, the overall model fit decreased by 3.2 likelihood units.

In the 2015 assessment, as in other recent ones, the model began building up the population in 1949 from
zero abundance using only “historic” recruitment. This led to speculation that an earlier start might allow
the model to “spin-up” more effectively prior to being informed by data (retained catch data starts in
1965). Consequently, the model code was revised to use an input from a model configuration file as the
model start year. In addition, the year to start estimating log-scale “historic” recruitment deviations was
added as an input in the control file. That way, recruitment deviations did not necessarily start in the same
year the model started. Change “H” addressed this issue by starting the model in 1930 under constant
recruitment until 1949, at which time “historic” deviations were added. This change apparently made
almost no difference whatsoever (Table 3).

As illustrated in Figure 5 (left plot), several logistic selectivity curves in the 2015 assessment failed to
reach 1 by the largest size bin included in the model. While this is not necessarily a problem, it
complicates comparison of (for example) fishing rates based on the concept of “full selection” to a fishing
gear. It can also indicate the existence of structural conflicts between data and model, such as widely-
different fishing mortality rates on males and females in the same fishery. As such, the model code was
revised to provide the option (set in the control file) to normalize logistic curves used to describe
selectivity processes in the fisheries and surveys. For change “I”, this option was invoked for all the
logistic selectivity curves used in the model (i.e., for the surveys and all fisheries except male bycatch in
the snow crab fishery). Perhaps surprisingly, Model | was the only model scenario for which parameter
uncertainty information (i.e., an “std” file) was not produced. However, given that estimating fishing
mortality offsets for females in Model C led to female bycatch selectivity curves that were essentially 1 at
sizes less than 150 mm CW (Figure 5, righthand plot), there were clearly structural inconsistencies in
Model 0 and the data that were resolved by scaling “fully-selected” fishing mortality differently for males
and females. Requiring that female selectivity curves reached 1 by the largest size bin simply exacerbated
the inconsistencies between Model 0 and the data.

As described above, each of the individual changes A-1 was evaluated singly against the 2015 assessment
model. These changes were also applied and evaluated incrementally, with accumulated changes
progressing from Model A to Model A-1, which included all “intermediate” changes B, C, D, E, F, G, and
H. Components of the objective function for most of the incremental models are compared in Table 6. A
subset of comparisons of fits to biomass time series, MMB-at-mating, and recruitment from the models
are compared in Figures 7-26. Selectivity curves are compared in Figures 27-32. Because Model A and
Model 0 were nearly identical, and because Model B and Model 0 are not strictly comparable on the basis
of likelihood considerations, the progression in models starts with B, moves to A-C and proceeds
incrementally to A-l1. Comprehensive graphical comparisons between Model 0 and the incremental-
change models are available in the accompanying online material in the file
“ModelComparisons.IncrementalChanges.zip”.

Adding A and C to B (Model A-C) results in a markedly better fit (~67 likelihood units; Table 6). This
primarily results from improved fits to the bycatch size compositions from the groundfish fishery and to
size compositions for mature males in the survey. The overall improvement was substantially larger than
that obtained in Model C relative to Model 0 (~40 units). Adding change D to Model A-C, fitting to male
discard mortality in the directed fishery rather than total mortality, incrementally improved fits to retained
catch biomass (~22 likelihood units) but reduced fits to size compositions for retained catch (~27 units)



and total male catch (~16 units). Adding change E (estimating parameters related to BBRKC bycatch
mortality) to Model A-D resulted in an improvement in model fit by almost 6 likelihood units, but this
gain was offset, from a parsimony standpoint, by adding 25 new parameters. Making this addition
improved the fit to size compositions for immature female crab (9 units), but degraded the fit to size
compositions for mature females (6 units). Adding F (setting an initial value for historic recruitment) to
Model A-E changed nothing because the change was ignored in the jittering process; results are not
included in Table 6.

Adding G (estimating the probability of size-specific molt-to-maturity using logit-scale parameters) to
Model A-F resulted in a slightly degraded overall model fit masking several large changes in individual
likelihood components. Substantially better fits (> 10 likelihood units) were obtained for size
compositions for bycatch in the groundfish fisheries, mature males in the survey, mature females in the
survey, and mature survey biomass. Substantially worse fits (>10 units) were obtained for immature
males and females in the survey, particularly for immature males (~47 units). Adding changes H (starting
the model in 1930) and | (enforcing logistic selectivity) to Model A-G had extremely small effects (< 1
likelihood unit) on most components, with the largest change being a better fit to immature female size
compositions in the survey (1.4 units).

Comparison of time series from these models (Figures 7-26) indicates, particularly since 1980, very
similar trajectories for mature survey biomass, retained catch biomass, total (male) catch mortality in the
directed fishery, male bycatch mortality in the ground fish, snow crab and BBRKC fisheries, MMB, and
recruitment. Fairly large relative differences exist, however, for estimated female bycatch mortality in the
non-Tanner fisheries, reflecting an interplay between whether or not offsets to fishing mortality rates for
females are estimated and partially-compensating adjustments to fishery selectivity curves for females.
(Figures 27-32). Male fishery selectivity and retention curves show few changes between models, except
that the total selectivity curve for 1996 in the directed fishery for Model B is right-shifted to smaller sizes
(as in the 2015 assessment; Figure 27). Bycatch fishery selectivity curves for females are typically shifted
to smaller sizes for Models A-C and above (e.g., Figures 28-30), although not necessarily so for the
BBRKC fishery (Figure 28).

Although time series trends in MMB and recruitment (Figures 23-26) were quite similar, final MMB and
average (1982+) recruitment estimates decreased slightly as model changes were added from Model B
(Table 8: final MMB: 73.9 thousand t; average male recruitment: 87.7 million) to Model A-I (final MMB:
65.8 thousand t; average male recruitment: 80.7 million)

For Change “J”, the GMACS fishing mortality model (FMM; Appendix A) was used in place of the
standard TCSAM FMM. One advantage to the GMACS approach is that it estimates the overall capture
process, simply and clearly reflecting the on-deck sorting process to decompose the catch into retained
and discarded components. The standard TCSAM FMM estimates the overall mortality process, but it
does not “get back” to what was captured. As such, the GMACS formulation is consistent with the size
compositions obtained from “at-sea” observer sampling in the directed fishery, because these reflect
captured crab prior to sorting, whereas the standard TCSAM model is not. Models using the GMACS
FMM were considered at the September, 2015 assessment as alternatives to the preferred model, but all of
the models exhibited poor convergence behavior and were rejected. Here, the results for Model A-I, using
the standard TCSAM FMM, are compared with the Model A-J using the GMACS FMM, are based on
converged models obtained by evaluating multiple runs with jittered initial parameters. More graphical
comparisons than shown here between Models A-1 and A-J are available in the accompanying online
material in “ModelComparisons.A-IvsA-J.zip”.

Based on differences in likelihood, Model A-I apparently fits the data much better (~48 likelihood units)
than Model A-J, with most of the difference related to the fit to total male size compositions in the



directed fishery (54 units; Table 7). The major difference in model fit appears to be that the size
compositions predicted by Model A-J exhibit a distinct “kink™ on the upslope of the distributions near
120 mm CW in 2005, 2006 and 2007, as well less-distinct kinks in 2013 and 2014, whereas those
predicted by Model A-I do not (Figure 33). However, this difference belies the similarity in parameter
estimates and model time series (see the “online” auxiliary material in TCSAM2013.A-1vsA-J.zip). The
estimated selectivity curves differ between the two models (Figure 34), but are not directly comparable
because the curves for Model A-I reflect selectivity associated with total (retained + discard) mortality,
whereas those for Model A-J reflect selectivity associated with capture, before discard mortality occurs.
The curves associated with retention (Figure 35) are much more similar.

One issue the CPT has raised regarding using the GMACS FMM is whether or not it, applied on a size-
specific basis, is equivalent to {total estimated discard mortality} = {handling mortality} x {total
estimated discards} at the fishery level (i.e., integrated over sizes). This is not an issue with the bycatch
fisheries, which don’t have retention, but might be for males in the directed fishery, which are subject to
both handling mortality and retention. While it should be apparent from the GMACS FMM equations
(Appendix B) that this condition indeed holds from a theoretical point-of-view, it never hurts to verify in
practice. Thus, Figure 36 presents the ratio of total (size-integrated) estimated discard mortality from
Model A-J to total (size integrated) estimated discards. The ratio should be 0.321, the assumed handling
mortality for pot gear, which it is (within numerical limits).

Finally, the “L” changes used lognormal, rather than normal, likelihood functions to fit fishery retained
and discard mortality (biomass). This required assigning relative errors (CV’s) to data on retention and
discards in the directed and bycatch fisheries, because the error rates are unknown. Because these data
types originate from different sampling regimes (fish tickets for all retained catch, observers on a fraction
of the fleets for discard data), it was assumed that observed retained catch had a smaller cv than observed
discards. For LO, the cv for retained biomass was taken to be 0.05 while the cv for discards was 0.20 in all
fisheries (the latter in the range of c¢v’s obtained by the NMFS bottom trawl survey). For L1, the data was
assumed to be more accurate and cv’s were set at 0.01 and 0.05, respectively. More graphical
comparisons than shown here between the A-1, A-J, and associated LO models are available in the
accompanying online material in “ModelComparisons.A-lvsA-JandLO0.zip”.

Because the L models incorporate different error structures than the non-L ones, likelihood comparisons
between them are not appropriate and may be misleading. Consequently, only comparisons between L0
models and L1 models are made in Table 7. It is not clear, however, what to make of these comparisons.
Comparisons between A-1 and A-J and between A-1.L0 and A-J.LO seem to show the same pattern in the
difference between objective function components, such that the | models fit male total catch size comps
in the directed fishery better than the J models (as noted previously for the A-1, A-J models) and the J
models fit male discard mortality better. The L1 models appear to be unreasonable and are not considered
further here.

Examining estimate time series of fits to data from the A-1/J, and A-1/J.L0 models (Figures 37-52), the
main effect of the lognormal error structure for fishery catch mortality data is to fit small values (e.g.,
Figure 39 and 49), mainly for female crab, much more closely at the expense of fitting some of the largest
catches (Figures 44 and 48), mainly for male crab in the directed fishery. This has impacts on estimated
fishery selectivity curves (Figures 53-62).

Although small values are fit more closely using the lognormal likelihoods, it is questionable whether this
represents a better picture of processes affecting the stock, because these values probably have small
impact on stock dynamics. Conversely, it may be important to accurately reflect these processes, mainly
because the only observations available in the crab bycatch fisheries are for small values, but the ratio
between fishing mortality and effort during this time period is used to scale effort to times (pre-1991)
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when effort was much larger but bycatch data are unavailable, although presumably larger. Fortunately,
estimated trends in MMB and recruitment are similar for all models, particularly since 1990 (Figures 65-
68). Final MMB is slightly smaller for the “L” models than the non-“L” models, whether A-1 or A-J, as is
average recruitment (1982+), while the differences in final MMB and average recruitment between the A-
I and A-J models are very small whether LO or not (Table 8).

Suggested model configurations to evaluate for September
Given the results presented here, | suggest that the following model runs be evaluated for the September
2016 assessment:

1. Model 0, with updated data.
2. Model A-l, with updated data.

3. Model A-l, with updated data but fitting total male mortality in the directed fishery, not discard
mortality.

4. Model A-J, with updated data.

5. Model A-J, with updated data but fitting total male mortality in the directed fishery, not discard
mortality.

6. Model A-1.L0O, with updated data.

7. Model A-J.L0, with update data.
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Tables

Table 1. Substantive changes to TCSAMZ2013 code since Sept., 2015. Implementation changes that may
affect model results are highlighted. Implementation changes considered in this report are highlighted in

yellow. It should be noted that an option to use the GMACS fishing mortality model was already

implemented but not adequately evaluated.

Category Description
. The beginning of the "historic" and "current" recruitment periods now inputs.
recruitment | . . .
Initial parameter values and estimation phase set now inputs.
natural |linitial parameter values and estimation phase now inputs.
mortality [Time period for high natural mortality now an input.
Phase to estimate fishing mortality in BBRKC fishery now an input.
Lognormal likelihoods implemented for fishery catch data (assumed cv's are inputs).
Option to fit male discard (rather than total mortality) in directed fishery implemented.
fishing Ln-scale offsets to mean fishing mortality/capture for female crab added as parameters.
mortality |Parameters added to estimate scalars to extrapolate fishing mortality using effort.
Methods to estrapolate fishing mortality using effort are set in control file.
Implemented alternative methods to normalize size comps from the groundfish fisheries.
Normalization method for size comps from the groundfish fisheries set in control file.
molt to R .
. Implemented parameter estimation on logit scale.
maturity
. Added nominal legal size as input. Was hard-wired to 138 mm CW.
control file ) )
Survey Q: means, std devs now set in control file.
Model start year now an input.
other Revised code to vectorize many calculations.
Added z-scores from likelihood calculations to output.

Table 2. Individual changes considered in model scenarios.

Change [Description

0 2015 assessment model
start “current” recruitment estimation in 1975, instead of 1974

estimate log-scale fishing mortality/capture rate offsets for female crab
fit to male discard mortality in directed fishery

turn on fishing mortality/capture rate estimation for BBRKC

set initial estimate for historic log-scale recruitment ( = 11.4)

estimate probability of molt-to-maturity using logit-scale parameterization

enforce logistic selectivity = 1 in largest size bin

use GMACS fishing mortality model

use lognormal NLL's with moderate cv's for fits to fishery catch data
use lognormal NLL's with small cv's for fits to fishery catch data

-« — I O MmMmOoOO W >

— =
= O

normalize groundfish fishery size comps using original sample sizes, not input sample sizes

change model start year to 1930, keep start year for "historic” recruitment deviations = 1949
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Table 3. Model scenarios.

Model # # of jitter Objective Func;on invertible Base :;/Iodel ) Iiz;?e Comparable
Scenario | params runs Value Gradient hessian? Model params function ?
0 307 200 2048.68 0.0005142  yes 0 0 0.00 yes
A 307 100 2048.83 0.0038720  yes 0 0 0.15 yes
B 307 100 2483.82 0.0007151  yes 0 0 435.14 no
C 310 100 2008.96 0.0007887  yes 0 3 -39.72 yes
D 307 100 2083.57 0.0012947  yes 0 0 34.89 no
E 332 100 2038.86 0.0014776  yes 0 25 -9.82 yes
G 307 100 2051.84 0.0004363  yes 0 0 3.16 yes
H 307 100 2048.74 0.0001790  yes 0 0 0.06 yes
I 307 100 2052.32 1.6245600 no 0 0 3.64 yes
CE 335 100 2000.32 0.0020877  yes 0 " 28 -48.36 yes
AB 307 100 2483.84 0.0009730  yes B 0 0.02 yes
A-C 310 100 2417.18 0.0015367  yes AB 3 -66.66 yes
A-D 310 100 2451.98 0.0008679  yes A-C 0 34.80 no
A-E 335 100 2446.25 0.3956490  yes A-D 25 -5.73 yes
A-F 335 100 2446.25 0.7825310  yes A-E 0 0.00 yes
A-G 335 100 2449.10 0.0007482  yes A-F 0 2.85 yes
A-H 335 100 2449.15 0.0006855  yes A-G 0 0.05 yes
A-l 335 100 2449.42 0.0010910  yes A-H 0 0.27 yes
A-1.LLO | 335 150 3119.23 0.0001949  vyes A-l 0 669.81 no
A-1.L1 | 335 150 6337.45 0.0117883  yes A-1.LO 0 3218.22 no
A-J 335 100 2496.92 0.0057845  yes Al " 0 7 4750 yes
A-J.LO | 335 150 3149.83 0.0001897  yes A-J 0 652.91 no
A-J.L1 | 335 150 6519.10 0.0006310  yes A-J.L1 0 3369.27 no
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Table 4. Comparison of objective function components for the 2015 assessment model and Model 0.
Green highlighting indicates differences (Model 0 — assessment model) > 2 likelihood units, red indicates
differences < -2.

2015 Model Model0 0-2015 Type Description
2.30 2.24 -0.06 recruitment penalty
0.66 0.61 -0.05 immatures natural mortality penalty
4.21 5.65 1.44 mature male natural mortality penalty
51.50 49.35 -2.14 mature female natural mortality penalty
1.99 1.38 -0.60 8 survey g penalty
16.18 15.91 -0.27 E female survey q penalty
141 141 0.00 s smoothing penalty on female maturity curve
0.16 0.17 0.00 smoothing penalty on male maturity curve
49.46 50.79 1.33 penalty on F-devs in directed fishery
7.70 7.53 -0.18 penalty on F-devs in snow crab fishery
11.69 11.68 -0.01 penalty on F-devs in groundfish fishery
0.90 0.90 0.00 prior on female growth parameter a
0.68 0.68 0.00 g prior on female growth parameter b
0.58 0.44 -0.15 s prior on male growth parameter a
0.04 0.04 0.00 prior on male growth parameter b
194.58 193.94 -0.64 likelihood for directed fishery: retained males
115.48 110.57 -4.92 likelihood for directed fishery: total males
14.00 14.18 0.18 likelihood for directed fishery: discarded females
49.27 49.43 0.16 o likelihood for snow crab fishery: discarded males
13.84 14.06 0.21 :g likelihood for snow crab fishery: discarded females
24.22 24.58 0.36 é likelihood for BBRKC fishery: discarded males
1.96 2.04 0.08 g likelihood for BBRKC fishery: discarded females
135.13 137.58 2.46 b likelihood for groundfish fishery
279.96 280.22 0.26 @ likelihood for survey:immature males
273.26 273.11 -0.15 likelihood for survey: mature males
307.64 301.93 -5.71 likelihood for survey: immature females
99.27 105.18 5.91 likelihood for survey: mature females
311.58 315.65 4.07 likelihood for survey: mature survey biomass
31.87 31.01 -0.87 likelihood for directed fishery: male retained catch biomass
18.21 17.39 -0.81 § likelihood for directed fishery: male total catch biomass
6.75 6.48 -0.27 g likelihood for directed fishery: female catch biomass
10.51 10.45 -0.06 o likelihood for snow crab fishery: total catch biomass
9.61 9.61 0.00 likelihood for BBRKC fishery: total catch biomass
2.53 2.52 -0.01 likelihood for groundfish fishery: total catch biomass
2,049.13 2,048.69 -0.44 total

15



Table 5a. Comparison of objective function components among single-change TCSAM2013 models. Green highlights indicate alternative model

fit is better than base model by at least 2 likelihood units, red highlights indicate the alternative model fit is worse than the base mode by at least 2
likelihood units. Refer to Table 3 for information on number of estimated parameters and model comparability.

Model: 0 A delta B delta C delta D delta .
Category Description
weight  ObjFun ObjFun A-0 ObjFun B-0 ObjFun c-0 ObjFun D-0
1 2.24 2.37 0.13 2.44 0.20 2.22 -0.02 2.24 0.00 recruitment penalty
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 sex ratio penalty
1 0.61 0.61 0.00 0.15 -0.46 0.84 0.23 0.56 -0.05 immatures natural mortality penalty
1 5.65 5.67 0.01 4.61 -1.05 6.47 0.82 5.85 0.20 mature male natural mortality penalty
1 49.35 49.33 -0.03 53.25 3.89 49.52 0.17 48.73 -0.62 mature female natural mortality penalty
1 1.38 1.40 0.02 2.78 1.40 0.95 -0.43 1.13 -0.25 survey g penalty
1 15.91 15.96 0.04 14.36 -1.55 19.97 4.06 15.47 -0.44 P female survey g penalty
1 0.90 0.90 0.00 0.90 0.00 0.90 0.00 0.90 0.00 -g prior on female growth parameter a
1 0.68 0.68 0.00 0.66 -0.02 0.60 -0.08 0.68 0.00 5] prior on female growth parameter b
1 0.44 0.44 0.00 0.77 0.34 0.35 -0.09 0.51 0.07 § prior on male growth parameter a
1 0.04 0.04 0.00 0.04 0.01 0.04 0.00 0.04 0.00 g prior on male growth parameter b
1 141 141 0.00 1.29 -0.11 1.43 0.02 141 0.00 o smoothing penalty on female maturity curve
0.5 0.17 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.01 smoothing penalty on male maturity curve
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1st difference penalty on male size at 50% selectivity in TCF
1 50.79 50.95 0.16 51.13 0.33 50.92 0.13 48.00 -2.79 penalty on F-devs in directed fishery
0.5 7.53 7.53 0.00 8.03 0.50 7.35 -0.17 7.42 -0.10 penalty on F-devs in snow crab fishery
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 penalty on F-devs in BBRKC fishery
0.5 11.68 11.68 0.00 11.86 0.17 11.75 0.07 11.67 -0.01 penalty on F-devs in groundfish fishery
1 193.94 194.05 0.10 195.89 1.95 193.48 -0.46 220.67 26.73 likelihood for directed fishery: retained males
1 110.57 110.46 -0.11 115.02 4.46 111.16 0.60 126.56 15.99 likelihood for directed fishery: total males
1 14.18 14.18 0.00 15.44 1.26 8.74 -5.44 14.24 0.06 likelihood for directed fishery: discarded females
1 49.43 49.43 0.00 50.28 0.85 49.30 -0.13 49.50 0.07 likelihood for snow crab fishery: discarded males
1 14.06 14.05 0.00 14.07 0.01 11.98 -2.08 14.11 0.05 4 likelihood for snow crab fishery: discarded females
1 24.58 24.58 0.00 24.36 -0.21 24.52 -0.05 24.78 0.21 g likelihood for BBRKC fishery: discarded males
1 2.04 2.04 0.00 2.73 0.68 2.46 0.41 2.05 0.01 E likelihood for BBRKC fishery: discarded females
1 137.58 137.33 -0.26 523.96 386.38 113.98 -23.61 137.99 0.41 [ likelihood for groundfish fishery
1 280.22 280.46 0.24 276.52 -3.70 279.13 -1.09 281.87 1.65 likelihood for survey: immature males
1 273.11 273.05 -0.06 284.02 10.91 264.94 -8.18 272.37 -0.74 likelihood for survey: mature males
1 301.93 302.07 0.14 309.10 7.17 312.21 10.28 300.72 -1.21 likelihood for survey: immature females
1 105.18 105.18 0.00 110.85 5.67 95.55 -9.63 105.36 0.18 likelihood for survey: mature females
1 315.65 315.33 -0.32 327.84 12.19 314.89 -0.76 314.86 -0.79 likelihood for survey: mature survey biomass
10 31.01 31.04 0.03 32.31 1.31 30.78 -0.23 8.42 -22.58 likelihood for directed fishery: male retained catch biomass
10 17.39 17.41 0.02 18.55 1.16 17.43 0.03 36.25 18.86 ﬁ likelihood for directed fishery: male total catch biomass
10 6.48 6.48 0.00 7.31 0.83 5.79 -0.69 6.43 -0.05 g likelihood for directed fishery: female catch biomass
10 10.45 10.45 0.00 10.74 0.29 6.95 -3.50 10.50 0.05 ] likelihood for snow crab fishery: total catch biomass
10 9.61 9.61 0.00 9.63 0.02 9.62 0.01 9.61 0.00 likelihood for BBRKC fishery: total catch biomass
10 2.52 2.51 0.00 2.76 0.24 2.59 0.07 2.50 -0.02 likelihood for groundfish fishery: total catch biomass
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 penalty penalty on sel50 devs for TCF
Totals:  2,048.69 2,048.83 " 0.14 2,483.82 | 435.14 2,008.96 | -39.73 2,083.57 34.89 Totals

16



Table 6b. Comparison of objective function components among single-change TCSAM2013 models. Green highlights indicate alternative model

fit is better than base model by at least 2 likelihood units, red highlights indicate the alternative model fit is worse than the base mode by at least 2

likelihood units. Refer to Table 3 for information on number of estimated parameters and model comparability.

Model: 0 E delt CE delt G delta H delta | delta L
Category Description
weight  ObjFun ObjFun E-0 ObjFun CE-0 ObjFun G-0 ObjFun H-0 ObjFun 1-0
1 2.24 2.22 -0.02 221 -0.02 2.23 0.00 2.26 0.03 2.24 0.00 recruitment penalty
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 sex ratio penalty
1 0.61 0.43 -0.18 0.64 0.03 0.61 0.00 0.61 0.00 0.73 0.12 immatures natural mortality penalty
1 5.65 5.33 -0.32 6.20 0.55 5.68 0.03 5.67 0.02 5.53 -0.12 mature male natural mortality penalty
1 49.35 37.82 -11.54 39.05 -10.31 49.24 -0.11 49.37 0.01 50.20 0.85 mature female natural mortality penalty
1 1.38 0.61 -0.77 0.53 -0.86 1.36 -0.03 1.38 0.00 1.39 0.00 survey g penalty
1 15.91 15.34 -0.57 20.64 4.73 15.94 0.02 15.91 0.00 15.54 -0.38 0 female survey q penalty
1 0.90 0.90 0.00 0.90 0.00 0.90 0.00 0.90 0.00 0.90 0.00 § prior on female growth parametera
1 0.68 0.57 -0.10 0.51 -0.17 0.67 -0.01 0.68 0.00 0.68 0.00 o3 prior on female growth parameter b
1 0.44 0.35 -0.09 0.30 -0.14 0.46 0.02 0.44 0.00 0.43 -0.01 .ﬁ prior on male growth parametera
1 0.04 0.04 0.00 0.04 0.00 0.04 0.00 0.04 0.00 0.04 0.00 g prior on male growth parameter b
1 141 1.30 -0.11 1.33 -0.08 2.51 1.10 1.41 0.00 1.40 0.00 = smoothing penalty on female maturity curve
0.5 0.17 0.16 -0.01 0.16 0.00 0.76 0.59 0.17 0.00 0.17 0.00 smoothing penalty on male maturity curve
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1st difference penalty on male size at 50% selectivity in TCF
1 50.79 46.93 -3.86 47.30 -3.49 50.66 -0.14 50.81 0.02 50.78 -0.02 penalty on F-devs in directed fishery
0.5 7.53 7.45 -0.07 7.37 -0.15 7.53 0.00 7.53 0.00 7.51 -0.01 penalty on F-devs in snow crab fishery
0 0.00 0.23 0.23 0.25 0.25 0.00 0.00 0.00 0.00 0.00 0.00 penalty on F-devs in BBRKC fishery
0.5 11.68 11.63 -0.05 11.72 0.04 11.68 0.00 11.68 0.00 11.64 -0.04 penalty on F-devs in groundfish fishery
1 193.94 194.04 0.09 193.69 -0.26  193.77 -0.17 193.94 0.00 193.96 0.02 likelihood for directed fishery: retained males
1 110.57 115.36 4.79 115.97 540 110.93 0.36 110.57 0.00 110.53 -0.04 likelihood for directed fishery: total males
1 14.18 15.46 1.28 8.88 -5.31 14.30 0.12 14.18 0.00 14.10 -0.08 likelihood for directed fishery: discarded females
1 49.43 49.18 -0.25 49.08 -0.35 49.47 0.04 49.43 0.00 49.42 0.00 likelihood for snow crab fishery: discarded males
1 14.06 15.03 0.98 12.34 -1.71 13.99 -0.06 14.06 0.00 13.99 -0.07 a likelihood for snow crab fishery: discarded females
1 24.58 24.06 -0.52 24.04 -0.53 24.60 0.03 24.58 0.00 24.58 0.00 £ likelihood for BBRKC fishery: discarded males
1 2.04 8.00 5.95 6.23 4.18 2.34 0.30 2.04 0.00 2.04 -0.01 E likelihood for BBRKC fishery: discarded females
1 137.58 138.14 0.55 116.21 -21.38 137.69 0.11 137.58 0.00 139.75 2.16 o likelihood for groundfish fishery
1 280.22 290.10 9.88 286.10 5.88 281.50 1.28 280.19 -0.03 280.71 0.49 likelihood for survey: immature males
1 273.11 258.72 -14.40 250.17 -22.94 272.44 -0.67 273.12 0.01 273.91 0.80 likelihood for survey: mature males
1 301.93 285.97 -15.96 296.16 -5.77 302.18 0.26 301.95 0.02 298.41 -3.52 likelihood for survey: immature females
1 105.18 125.83 20.65 118.04 12.86 105.69 0.51 105.17 0.00 109.70 4.52 likelihood for survey: mature females
1 315.65 305.94 -9.71 306.44 -9.21 315.19 -0.45 315.63 -0.02 314.48 -1.17 likelihood for survey: mature survey biomass
10 31.01 32.03 1.02 31.85 0.84 31.00 0.00 31.00 0.00 31.02 0.02 likelihood for directed fishery: male retained catch biomass
10 17.39 18.31 0.92 18.30 0.91 17.40 0.01 17.39 0.00 17.40 0.00 5 likelihood for directed fishery: male total catch biomass
10 6.48 5.33 -1.15 4.92 -1.56 6.52 0.04 6.48 0.00 6.54 0.06 g likelihood for directed fishery: female catch biomass
10 10.45 10.19 -0.26 6.55 -3.90 10.44 0.00 10.45 0.00 10.51 0.06 @ likelihood for snow crab fishery: total catch biomass
10 9.61 13.40 3.79 13.69 4.08 9.59 -0.02 9.61 0.00 9.61 0.00 likelihood for BBRKC fishery: total catch biomass
10 2.52 2.47 -0.05 2.54 0.03 2.51 0.00 2.52 0.00 2.51 -0.01 likelihood for groundfish fishery: total catch biomass
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 penalty penalty on sel50 devs for TCF
Totals:  2,048.69 2,038.86| 983  2,000.33] -48.36 2,051.84) 3.15 2,048.74 7 0.05 2,052.32 3.64 Totals
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Table 7. Comparison of objective function components among incremental TCSAM2013 models. Green highlights indicate alternative model fit is
better than base model by at least 2 likelihood units, red highlights indicate the alternative model fit is worse than the base mode by at least 2

likelihood units. Refer to Table 3 for information on number of estimated parameters and model comparability.

Model: 0 B delta  AC delta ap defta g delta g el delta o, delta
. ) ) B-0 ) AC-B . A-D- ) A-E- ) A-G- ) A-H- ) A-l-  Category Description
weight ObjFun  ObjFun ObjFun ObjFun A-C ObjFun  A-D ObjFun  A-E  ObjFun A-G  ObjFun A-G
1 2.24 2.44 0.20 2.44 0.00 2.46 0.03 2.47 0.00 2.88 041 2.90 0.03 290 0.03 recruitment penalty
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 sex ratio penalty
1 0.61 0.15 -0.46 0.58 0.43 0.55 -0.03 0.47 -0.08 0.87 0.40 0.87 0.00 0.81 -0.06 immatures natural mortality penalty
1 5.65 4.61 -1.05 6.66 2.06 6.91 0.25 7.03 0.12 6.89 -0.15 6.90 0.02 6.90 0.01 mature male natural mortality penalty
1 49.35 53.25 3.89 50.75 -2.49 50.24 -0.52 46.00 -4.24 46.98 0.98 46.99 0.01 46.89 -0.09 mature female natural mortality penalty
1 1.38 2.78 1.40 1.48 -1.30 122 -0.26 0.78 -0.44 0.39 -0.39 0.39 0.00 0.38 -0.02 survey q penalty
1 15.91 14.36 -1.55 19.00 4.64 18.50 -0.49 17.63 -0.88 14.84| -2.79 14.85 0.00 15.22 0.38 P female survey q penalty
1 0.90 0.90 0.00 0.90 0.00 0.90 0.00 0.90 0.00 0.90 0.00 0.90 0.00 0.90 0.00 § prior on female growth parameter a
1 0.68 0.66 -0.02 0.55 -0.11 0.55 0.00 0.51 -0.03 0.46 -0.05 0.46 0.00 0.46 0.00 o3 prior on female growth parameter b
1 0.44 0.77 0.34 0.36 -0.41 0.43 0.07 0.37 -0.06 0.17 -0.19 0.17 0.00 0.17 0.00 .ﬁ prior on male growth parameter a
1 0.04 0.04 0.01 0.04 -0.01 0.04 0.00 0.04 0.00 0.04 0.00 0.04 0.00 0.04 0.00 :‘% prior on male growth parameter b
1 141 1.29 -0.11 1.34 0.04 1.34 0.00 1.34 0.01 2.28 0.94 2.28 0.00 2.29 0.00 o smoothing penalty on female maturity curve
0.5 0.17 0.17 0.00 0.17 0.01 0.18 0.01 0.18 0.00 0.70 0.52 0.70 0.00 0.70 0.00 smoothing penalty on male maturity curve
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 st difference penalty on male size at 50% selectivity in TCF
1 50.79 51.13 0.33 53.30 217 50.53 -2.77 49.82 -0.70 60.76 | 10.94 60.78 0.02 60.76  0.00 penalty on F-devs in directed fishery
0.5 7.53 8.03 0.50 7.75 -0.28 7.65 -0.10 7.63 -0.02 7.55 -0.09 7.55 0.00 7.54 0.00 penalty on F-devs in snow crab fishery
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.26 0.28 0.02 0.28 0.00 0.28 0.00 penalty on F-devs in BBRKC fishery
0.5 11.68 11.86 0.17 11.86 0.00 11.85 -0.01 11.84 0.00 11.94 0.10 11.94 0.00 11.93 -0.01 penalty on F-devs in groundfish fishery
1 193.94 195.89 1.95 194.99 -0.91 222.09| 27.10 222.30 0.21 216.15| -6.14 216.15 0.00 216.16 0.01 likelihood for directed fishery: retained males
1 110.57 115.02 446 110.03 -499 125.81, 15.78 125.77 -0.04 127.32 155 127.33 0.00 127.31 -0.01 likelihood for directed fishery: total males
1 14.18 15.44 1.26 8.71 -6.73 8.70 -0.01 8.81 0.11 8.15 -0.65 8.15 0.00 8.15 0.00 likelihood for directed fishery: discarded females
1 49.43 50.28 0.85 50.31 0.03 50.40 0.09 50.40 0.00 51.51 1.11 51.51 0.00 51.50 -0.01 likelihood for snow crab fishery: discarded males
1 14.06 14.07 0.01 12.27 -1.79 12.27 -0.01 12.35 0.08 12.32 -0.03 1232  0.00 12.32  0.00 2 likelihood for snow crab fishery: discarded females
1 24.58 24.36 -0.21 24.66 0.30 24.88 0.22 24.83 -0.05 25.31 0.48 25.31 0.00 25.32  0.00 g likelihood for BBRKC fishery: discarded males
1 2.04 2.73 0.68 2.55 -0.18 253 -0.01 2.44 -0.09 2.49 0.05 249 0.00 2.48 0.00 E likelihood for BBRKC fishery: discarded females
1 137.58 523.96, 386.38 483.05 -40.91 483.40 0.35 48353 0.12 471.87-11.66 471.87 0.00 47192 0.05 n likelihood for groundfish fishery
1 280.22 276.52 -3.70 277.88 1.36 279.55 1.67 281.71 2.16 32854 46.83 328.52 -0.02 328.92 0.38 likelihood for survey: immature males
1 273.11 284.02 1091 272.22 -11.80 271.17 -1.05 269.70 -1.47 251.61-18.10 251.61 0.00 252.00 0.39 likelihood for survey: mature males
1 301.93 309.10 7.17 309.17 0.07 308.32 -0.85 299.34| -8.98 309.58/10.24 309.59 0.01 308.20 -1.37 likelihood for survey: immature females
1 105.18 110.85 5.67 113.75 290 113.82 0.07 120.26| 6.45 106.62 -13.65 106.61 -0.01 107.30 0.68 likelihood for survey: mature females
1 315.65 327.84 12.19 325.61 -2.23 32459 -1.02 322.54| -2.05 304.05-18.50 304.04 -0.01 303.96 -0.09 likelihood for survey: mature survey biomass
10 31.01 32.31 1.31 31.21 -1.10 8.73| -22.48 8.61 -0.12 9.13 0.52 9.12 0.00 9.12 0.00 likelihood for directed fishery: male retained catch biomass
10 17.39 18.55 1.16 17.73 -0.82 36.56, 18.83 36.71 0.16 3549 -1.23 3549 0.00 35.48 0.00 4 likelihood for directed fishery: male total catch biomass
10 6.48 7.31 0.83 6.35 -0.96 6.32 -0.03 5.57 -0.74 5.85 0.27 5.85 0.00 5.85 0.00 g likelihood for directed fishery: female catch biomass
10 10.45 10.74 0.29 7.13 -3.61 7.13 0.00 7.06 -0.07 7.71 0.65 7.71 0.00 7.70 -0.01 o likelihood for snow crab fishery: total catch biomass
10 9.61 9.63 0.02 9.66 0.03 9.65 0.00 1432 4.67 1469 0.36 14.69 0.00 14.76  0.08 likelihood for BBRKC fishery: total catch biomass
10 2.52 2.76 0.24 2.74 -0.02 2.72 -0.02 2.71 -0.01 2.78 0.08 2.78 0.00 2.78 0.00 likelihood for groundfish fishery: total catch biomass
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 penalty penalty on sel50 devs for TCF
Totals: 2,048.69 2,483.82 " 43514 2,417.18 -66.64 2,451.98 34.79 2,446.25 -5.73 2,449.10| 2.86 2,449.15 0.05 2,449.42 0.31 Totals
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Table 8. Comparison of objective function components among incremental TCSAM2013 models. Green highlights indicate alternative model fit is

better than base model by at least 2 likelihood units, red highlights indicate the alternative model fit is worse than the base mode by at least 2

likelihood units.

Model:|  A-l At %ML i st %Al A agn T o
A-l- A I.LO-  A- A-1.L1- | Category Description
weight | ObjFun  ObjFun J ObjFun  ObjFun J.L0 ObjFun ObjFun A-J.L1
1 2.90 2.94 0.04 2.82 2.84 0.02 4.62 4.09 -0.53 recruitment penalty
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 sex ratio penalty
1 0.81 0.89 0.08 1.05 1.22 0.17 7.46 12.50 5.04 immatures natural mortality penalty
1 6.90 8.31 1.41 4.63 5.62 0.99 2.10 0.07 -2.03 mature male natural mortality penalty
1 46.89 46.43 -0.46 53.77 53.20 -0.57 54.16 162.00 107.84 mature female natural mortality penalty
1 0.38 0.39 0.01 0.00 0.00 0.00 30.36 24.65 -5.72 survey g penalty
1 15.22 15.92 0.69 12.38 12.92 0.54 0.75 0.25 -0.51 0 female survey q penalty
1 0.90 0.90 0.00 0.90 0.90 0.00 0.90 0.90 0.00 -&9_ prior on female growth parameter a
1 0.46 0.47 0.01 0.45 0.47 0.02 0.05 0.40 0.35 1% prior on female growth parameterb
1 0.17 0.12 -0.05 0.36 0.18 -0.18 0.73 0.37 -0.37 § prior on male growth parameter a
1 0.04 0.04 0.00 0.05 0.04 -0.01 0.11 0.06 -0.05 g prior on male growth parameter b
1 2.29 2.28 -0.01 2.35 2.34 -0.02 21.52 11.55 -9.97 o smoothing penalty on female maturity curve
0.5 0.70 0.65 -0.05 0.67 0.65 -0.02 0.59 0.67 0.09 smoothing penalty on male maturity curve
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1st difference penalty on male size at 50% selectivity in TCF
1 60.76 60.24 -0.52 74.15 69.93 -4.22 170.77 139.81 -30.96 penalty on F-devs in directed fishery
0.5 7.54 7.52 -0.02 14.73 14.76 0.02 32.82 26.76 -6.06 penalty on F-devs in snow crab fishery
0 0.28 0.29 0.02| 144.07 143.10 -0.97 238.62 226.10 -12.52 penalty on F-devs in BBRKC fishery
0.5 11.93 11.91 -0.01 16.51 16.57 0.05 19.18 23.27 4.09 penalty on F-devs in groundfish fishery
1 216.16 226.74 10.58| 202.64 210.25 7.61 308.08 318.51 10.43 likelihood for directed fishery: retained males
1 127.31 181.53 54.22| 114.63 176.59 61.96 238.95 279.63 40.67 likelihood for directed fishery: total males
1 8.15 8.11 -0.04 7.94 7.89 -0.04 255.61 63.37| -192.24 likelihood for directed fishery: discarded females
1 51.50 52.27 0.77 51.15 52.09 0.94 108.32 124.98 16.66 likelihood for snow crab fishery: discarded males
1 12.32 12.23 -0.08 17.89 17.64 -0.25 199.53 29.94| -169.59 @ likelihood for snow crab fishery: discarded females
1 25.32 24.99 -0.32 26.31 26.54 0.23 60.40 48.63  -11.77 g likelihood for BBRKC fishery: discarded males
1 2.48 2.48 -0.01 493 5.07 0.14 26.92 20.93 -5.98 E likelihood for BBRKC fishery: discarded females
1 471.92 468.29 -3.63| 478.07 476.24 -1.83 633.03 761.81, 128.78 [ likelihood for groundfish fishery
1 328.92 324.64 -4.28| 333.75 328.59 -5.16 773.53 420.96 -352.57 likelihood for survey: immature males
1 252.00 246.48 -5.52| 243.54 240.80 -2.74 223.76 214.81 -8.94 likelihood for survey: mature males
1 308.20 309.33 1.13] 317.08 316.40 -0.68 907.56 1,275.53 367.98 likelihood for survey:immature females
1 107.30 113.31 6.01] 104.93 111.82 6.90 31.19 60.95 29.75 likelihood for survey: mature females
1 303.96 302.21 -1.75| 294.69 293.64 -1.05 418.71 714.51 295.81 likelihood for survey: mature survey biomass
10 9.12 9.61 0.48 44.61 43.80 -0.81 15.20 31.79 16.59 likelihood for directed fishery: male retained catch biomass
10 35.48 25.10° -10.39 88.47 60.63 -27.84 34.89 32.08 -2.81 ﬁ likelihood for directed fishery: male discard mortality biomass
10 5.85 5.58 -0.28| 240.49 238.39 -2.10 615.77 584.27  -31.50 g likelihood for directed fishery: female catch biomass
10 7.70 7.59 -0.11 83.31 83.05 -0.26 504.58 558.97 54.39 o likelihood for snow crab fishery: total catch biomass
10 14.76 14.32 -0.44| 134.64 134.39 -0.26 396.20 343.13, -53.07 likelihood for BBRKC fishery: total catch biomass
10 2.78 2.82 0.04 1.29 1.28 -0.01 0.49 0.87 0.38 likelihood for groundfish fishery: total catch biomass
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| penalty  penalty on sel50 devs for TCF
Totals:| 2,449.42 2,496.92 47.50| 3,119.23 3,149.83 30.60| 6,337.45 6,519.09| 181.64| Totals

20



Table 9. Summary results for selected TCSAM2013 model scenarios.

final MMB Avg Male Recruitment
Model .
(1000's t) (millions)

0 69.3 88.4
A 69.4 88.5
B 73.9 87.7
C 68.0 88.1
D 68.2 87.4
E 66.1 85.6
G 69.2 88.2
H 69.3 88.4
| 69.2 88.7
A-C 69.9 86.5
A-D 68.7 85.6
A-E 66.9 83.9
A-G 65.9 80.9
A-l 65.8 80.7
A-J 65.6 81.8
A-1.LO 63.2 75.9
A-J.LO 63.6 77.2
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Comparison of estimated male total mortality selectivity curves from the 2015 assessment

model and Model 0.
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Figure 2. Comparison of model (line) and observed (circles) size compositions for female bycatch in the

groundfish fisheries from the 2015 assessment, Model O (left) and Model B (right).
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Figure 3. Comparison of estimated recent MMB-at-Mating for Models 0, A, B, C, and D.
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Figure 4. Comparison of model (line) and observed (circles) female bycatch in the snow crab fishery
from Model 0 (left) and Model C (right).
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Figure 5. Comparison of bycatch selectivity curves in the groundfish fishery from Model 0 (left) and
Model C (right). Curves for females are dashed lines, colors indicate different time periods.
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Figure 6. Comparison of the size-specific molt-to-maturity for the models indicated in the legend.
Symbols represent data, lines represent model estimates
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Mature survey biomass
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Figure 7. Comparison of fits to mature survey biomass for the models indicated in the legend. Symbols
represent data, lines represent model estimates.
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Figure 8. Comparison of fits to mature survey biomass, 1989-2015, for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Retained catch biomass
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Figure 9. Comparison of fits to retained catch biomass for the models indicated in the legend. Symbols
represent data, lines represent model estimates.
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Figure 10. Comparison of fits tb retained catch biomass, 1988-2014, for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Males, directed fishery
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Figure 11. Comparison of fits to total catch biomass for the models indicated in the legend. Models
including “D” are fit to discard biomass, but fits to total biomass are shown. Symbols represent data, lines
represent model estimates.
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Figure 12. Compariéon of fits to total catch Nbiomass, from 1989 to 2014, for the models indicated in the
legend. Models including “D” are fit to discard biomass, but fits to total biomass are shown. Symbols
represent data, lines represent model estimates.
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Groundfish fisheries bycatch mortality
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Figure 13. Comparison of fits to ‘bycatch in the groundfish fisheries for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 14. Comparison of fits to bycatch in the groundfish fisheries, from 1989't'o 2014, for the models
indicated in the legend. Symbols represent data, lines represent model estimates.
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Males, snow crab fishery bycatch mortality
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Figure 15. Comparison of fits to male bycatch in the snow crab fishery for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 16. Comparison of fits to male bycatch in the snow crab fisﬁéry, from 1989 to 2014, for the
models indicated in the legend. Symbols represent data, lines represent model estimates.
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Females, snow crab fishery bycatch mortality
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Figure 17. Comparison of fits to female bycatch in the snow crab fishery for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 18. Comparison of fits to female bycatch in the snow crab fishery, from 1989 to 2014, for the
models indicated in the legend. Symbols represent data, lines represent model estimates.
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Males, BBRKC crab fishery bycatch mortality
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Figure 19. Comparison of fits to male bycatch in the BBRKC fishery for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 20. Comparison of fits to male bycatch in the BBRKC fishery, from 1989 to 2014, for the models
indicated in the legend. Symbols represent data, lines represent model estimates.
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Females, BBRKC fishery bycatch mortality
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Figure 21. Comparison of fits to female bycatch in the BBRKC fishery for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 22. Comparison of fits to female bycatch in the BBRKC fishery, from 1989 to 2014, for the
models indicated in the legend. Symbols represent data, lines represent model estimates.
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Figure 23. Comparison of model estimates for mature male biomass for the models indicated in the
legend.
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Figure 24. Comparison of model estimates of mature survey biomass, 1989-2015, for the models
indicated in the legend.
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Figure 25. Comparison of model estimates for (male) recruitment for the models indicated in the legend.
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TCF: male (total) selectivity TCF: male retained selectivity (dodged)
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Figure 27. Comparison of model estimates for total (left) and retained (right) selectivity for males in the
directed fishery during the time periods indicated.
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Figure 28. Comparison of model estimates of the retention function (left) and female selectivity (right) in
the directed fishery during the time periods indicated.
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SCF: male selectivity
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Figure 29. Comparison of model estimates for male (left) and female (right) bycatch selectivity in the

snow crab fishery during the time periods indicated.
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Figure 30. Comparison of model estimates for male (left) and female (right) bycatch selectivity in the

groundfish fisheries during the time periods indicated.
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RKF: male selectivity
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BBRKC fishery during the time periods indicated.
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NMFS trawl survey: male selectivity
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Figure 33. Comparison of model estimates and data for total catch size comps for males in the directed
fishery for: Model A-1 (upper panel), Model A-J (lower panel).



TCF: male (total) selectivity
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TCF: male retained selectivity
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Mature survey biomass
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Figure 37. Comparison of fits to mature survey biomass for the models indicated in the legend. Symbols

represent data, lines represent model estimates.
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Figure 38. Comparison of fits to mature survey biomass, 1989-2015, for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Retained catch biomass
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Figure 39. Comparison of fits to retained catch biomass for the models indicated in the legend. Symbols
represent data, lines represent model estimates.
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Figure 40. Comparison of fits to retained catch biomass, 1988-2014, for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Males, directed fishery
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Figure 41. Comparison of fits to total catch biomass for the models indicated in the legend. Models

including “D” are fit to discard biomass, but fits to total biomass are shown. Symbols represent data, lines
represent model estimates.
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Figure 42. Comparison of fits to total catch biomass, from 1989 to 2014, for the models indicated in the
legend. Models including “D” are fit to discard biomass, but fits to total biomass are shown. Symbols
represent data, lines represent model estimates.
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Groundfish fisheries bycatch mortality
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Figure 43. Comparison of fits to bycatch in the groiindfish fisheries for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 44. Comparison of fits to bycatch in the groundfish fisheries, from 1989 to 2014, for the models
indicated in the legend. Symbols represent data, lines represent model estimates.



Males, snow crab fishery bycatch mortality
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Figure 45. Comparison of fits to male bycatch in the snow crab fishery for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 46. Comparison of fits to male bycatch in the snow crab fishery, from 1989 to 2014, for the
models indicated in the legend. Symbols represent data, lines represent model estimates.
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Females, snow crab fishery bycatch mortality
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Figure 47. Comparison of fits to female bycatch in the snow crab fishery for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 48. Comparison of fits to female byc}altch in the snow crab fishery, from 1989 to 2014, for the
models indicated in the legend. Symbols represent data, lines represent model estimates.



Males, BBRKC crab fishery bycatch mortality
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Figure 49. Comparison of fits to male bycatch in the BBRKC fishery for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 50. Comparison of fits to male bycatch in the BBIR;KC fishery, from 19855 to 2014, for the models
indicated in the legend. Symbols represent data, lines represent model estimates.
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Figure 51. Comparison of fits to female bycatch in the BBRKC fishery for the models indicated in the
legend. Symbols represent data, lines represent model estimates.
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Figure 52. Comparison of fits to female bycatch in the BBRKC fishery, from 1989 to 2014, for the
models indicated in the legend. Symbols represent data, lines represent model estimates.
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TCF: male (total) selectivity
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Figure 53. Comparison of model estimates for selectivity for males in the directed fishery during the time
periods indicated. Selectivity for the 2015 model (Model 0) and “I” models is total mortality selectivity,
while it is capture selectivity for “J”” models.
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TCF: male retained selectivity
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Figure 54. Comparison of model estimates for retained selectivity for males in the directed fishery during
the time periods indicated.
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TCF: male retention functions
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Figure 55. Comparison of model estimates of retention functions in the directed fishery during the time
periods indicated.
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TCF: female selectivity
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Figure 56. Comparison of model estimates of female selectivity (right) in the directed fishery during the

time periods indicated.
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SCF: male selectivity
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Figure 57. Comparison of model estimates for female bycatch selectivity in the snow crab fishery during

the time periods indicated.
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SCF: female selectivity
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Figure 58. Comparison of model estimates for female bycatch selectivity in the snow crab fishery during

the time periods indicated.
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GTF: male selectivity
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Figure 59. Comparison of model estimates for male bycatch selectivity in the groundfish fisheries during

the time periods indicated.
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GTF: female selectivity
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Figure 60. Comparison of model estimates for female bycatch selectivity in the groundfish fisheries

during the time periods indicated.



RKF: male selectivity
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Figure 61. Comparison of model estimates for male bycatch selectivity in the BBRKC fishery during the

time periods indicated.
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RKF: female selectivity
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Figure 62. Comparison of model estimates for female bycatch selectivity in the BBRKC fishery during

the time periods indicated.



NMFS trawl survey: male selectivity
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Figure 63. Comparison of model estimates for male selectivity in the NMFS bottom trawl survey during
the time periods indicated.
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NMFS trawl survey: female selectivity
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Figure 64. Comparison of model estimates for female selectivity in the NMFS bottom trawl survey during
the time periods indicated.
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Figure 65. Comparison of model estimates for mature male biomass for the models indicated in the
legend.
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Figure 66. Comparison of model estimates of mature survey biomass, 1989-2015, for the models
indicated in the legend.
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Male Recruitment
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Figure 67. Comparison of model estimates for (male) recruitment for the models indicated in the legend.
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Male Recruitment
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Figure 68. Comparison of model estimates of (male) recruitment, 1989-2015, for the models indicated in
the legend.
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Appendix A: TCSAM (Tanner Crab Stock Assessment Model) 2013 Description

Introduction

The Tanner crab stock assessment model (TCSAM) is an integrated assessment model developed in C++
using AD Model Builder (Fournier et al., 2012) libraries that is fit to multiple data sources. Model code is
publicly available on github (https://github.com/wStockhausen/wtsTCSAM2013; the current branch is
‘dev20160316°), and an R package has been developed run the model and plot model output (publicly
available on github at https://github.com/wStockhausen/rTCSAM2013). While a number of options have
been added to the code in recent years, TCSAM?2013 suffers “structural” difficulties with a number of
hard-wired time periods and other constraints that cannot really be addressed without re-writing the code.
The model described herein is the version used in the Sept. 2015 assessment (Stockhausen, 2015; referred
to as TCSAM2013). Several recently-added options are also described.

Model parameters in TCSAMZ2013 are estimated using a maximum likelihood approach, with Bayesian-
like priors on some parameters and penalties for smoothness and regularity on others. Data components
entering the likelihood include fits to survey biomass, survey size compositions, retained catch, retained
catch size compositions, discard mortality in the bycatch fisheries, and discard size compositions in the
bycatch fisheries. Population abundance at the start of year y in the model, n,, , , s -, is characterized by
sex X (male, female), maturity state m (immature, mature), shell condition s (new shell, old shell), and size
z (carapace width, CW). Changes in abundance due to natural mortality, molting and growth, maturation,
fishing mortality and recruitment are tracked on an annual basis. Because the principal crab fisheries
occur during the winter, the model year runs from July 1 to June 30 of the following calendar year.

A. Calculation sequence

Step Al: Survival prior to fisheries
Natural mortality is applied to the population from the start of the model year (July 1) until just prior to
prosecution of the pulse fisheries for year y at 6t§. The numbers surviving at 5t§ in year y are given by:

Al

where M represents the annual rate of natural mortality in year y on crab classified as x, m, s, z.

Step A2: Prosecution of the fisheries
The directed fishery and bycatch fisheries are modeled as pulse fisheries occurring at 6t§ in yeary. The
numbers that remain after the fisheries are prosecuted are given by:

2 — -F] .l A2
Nyxmsz = (1 —€ y'x'm's'z) Nyxm,s,z

where F' represents total (across all fisheries) annual fishing mortality in year y on crab classified as x, m,
X, Z.

Step A3: Survival after fisheries to time of molting/mating
Natural mortality is again applied to the population from just after the fisheries to the time at which
molting/mating occurs for year y at §t;;*. The numbers surviving at 5t* in year y are then given by:

A3

_My,x,m,s,z'(at;/n_5t§)

3 _ 2
Nyxmsz = € Nyx,m,s,z

where, as above, M represents the annual rate of natural mortality in year y on crab classified as x, m, s, z.
In the 2012 and 2013 assessments, molting and mating were taken to occur on Feb. 15 each year (6ty" =
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0.625), and the pulse fisheries were taken to occur just prior to this (6t§ = 0.625, also), so the term in
the exponent in eq. A3 was O for all years.

Step A4: Molting, growth, and maturation
The changes in population structure due to molting, growth and maturation of immature (new shell) crab,
as well as the change in shell condition for new shell mature crab due to aging, are given by:

4 _ MAT .3
Ny x,MAT,NS,z = Z 0) vz Pyxs  MyxiMmns,z Ada
Z,
4 _ IMM | ;1 _ .3
Ny x,IMM,NS,z = Z G)y,x,z,z' (1 ¢y,x,z') ny,x,IMM,NS,Z' Adb
Z’
nt =n3 +n3 Adc
v,x,MAT,0S,z — '*y,x,MAT,0S,z v, X,MAT,NS,z

where ¢,, . , is the probability that an immature (new shell) crab of sex x and size z will undergo its

terminal molt to maturity and @', , .+ is the growth transition matrix from size z”to z for that crab, which

may depend on whether (n=MAT; eg. A.4a) or not (m=IMM; eq. A.4b) the terminal molt to maturity
occurs. Additionally, crabs that underwent their terminal molt to maturity the previous year are assumed
to change shell condition from new shell (NS) to old shell (OS; A.4c). Note that the numbers of immature,
old shell crab are identically zero in the current model because immature crab are assumed to molt each
year until they undergo the terminal molt to maturity; consequently, an equation for m=IMM, s=NS above
IS unnecessary.

Step A5: Survival to end of year, recruitment, and update to start of next year

Finally, population abundance at the start of year y+1 due to recruitment of immature new shell crab at
the end of year y (ryx.) and natural mortality on crab from the time of molting in year y until the end of
the model year (June 30) are given by:

Tyxz =Ry Pyx Mz Aba

-M (1=t 4 — — A5Db
e~ Myximm s,z (1-6t5) ‘N v immNsz T Tyxz ™=IMM,s=NS

n =
y+1,x,m,s,z _ (1 spm .
e Myxmsz @a-6ty") . n;,x,m,s,z otherwise

B. Model processes: natural mortality

Natural mortality rates in TCSAM2013 vary across 3 year blocks (model start-1979, 1980-1984,1985-
model end) within which they are sex- and maturity state-specific but do not depend on shell condition or
size. They are parameterized in the following manner:

MPase . sMm otherwise . Bl
My xm,s,z = basex’m's o T natural mortality rates
e MY53% - OMy 1 » My, 1980 < y < 1984 B2

where y is year, X is sex, m is maturity state and s is shell condition, the M2%s¢ are user constants (not
estimated), and the §M,, ,,, and 5My, ,, are parameters (although not all are estimated).
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Priors are imposed on the §M,, ,,, parameters in the likelihood using:

_(5Mx,m_#x,m)

Pr(SMx_m) =e

2 -af_m

Prior probability function for §M,, ,,, B3

The p’s and o2, along with bounds, initial values and estimation phases used for the parameters, as well
as the values for the constants, used in the 2013 model are:

lower

upper initial

parameters/constants | iy m 0fm bound bound value phase code name
MR35 - h - - 023 | NA baseM msx
SMey i 101005 1 g, 2.0 10 | 7 e Tnm
SMyavi mar 1.0 005 | g4 1.9 1.0 7 oMEac At
SMrgmaLs mat 1.0 1 005 | g4 1.9 1.0 7 -
SM 1w N N h h 1.0 NA -
MY aLe mar 0.1 10.0 1.0 7 oMfac Big (MALE)
OMEerare Mar 0.1 10.0 1.0 7 pMfac_Big
(FEMALE)

where constants have phase = NA and estimated parameters have phase > 0. When no corresponding
variable exists in the model (code name = NA), the effective value of the parameter/constant is given.

C. Model processes: growth
Growth of immature crab in the 2013 TCSAM model is based on sex-specific transition matrices that
specify the probability that crab in pre-molt size bin z grow to post-molt size bin z'. The sex-specific
growth matrix @, , - (i.e., the array 1en_len[sex,ilen,ilen] in the model code) is related to the sex-
specific parameters ay, by, and S, by the following equations:

— . Axz=1, ,7
Gx,z,z’ = Cx,z AZ,Z’ e Bx

Ay

z,Z

Sex-specific (x) transition matrix for
growth from pre-molt z to post-molt z’, | C1
with z’' > z

Cxz =

A Fxz™
Z,Z
7

Azz’ -1
1. Bx

Normalization constant so

Cc2
1= Z G)x,z,z’
ZI
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A, =2 -z Actual growth increment C3
Ay = |Zxz — 2]/ Bx Mean molt increment, scaled by B, C4
Z,, = e% - zbx Mean size after molt, given pre-molt c5
' size z
0, ., Is used to update the numbers-at-size for immature crab following molting using:
n;lc-,z’ = Z Nyz* G)x,z,z' Cé6
z
where z is the pre-molt size and z’ is the post-molt size.
Sex-specific priors are imposed on the estimated values @, and b, for the a, and by parameters using:
(Bxttay) Prior probability function for a’s c7
Pr(a,) =-e Tax
(bx—Hb,)

~ o Prior probability function for b’ C8

Pr(b,) =e °* T P y >

The w’s and o2, along with the bounds, initial values and estimation phases used for the parameters in the

2013 TCSAM are:

lower upper - code name
2
parameter sex (x) Uy 0% bound bound initial value phase
female 0.56560241 0.100 0.4 0.7 0.55 8 DGrAF1
ax
male 0.43794100 0.025 0.3 0.6 0.45 8 DGrAML
female 0.9132661 0.025 0.6 1.2 0.90 8 bGrBF1
bx
male 0.9487000 0.100 0.7 1.2 0.95 8 bGrBM1
By both NA NA 0.75000 0.75001 0.750005 -2 pGrBeta x

Note that the S, are treated as constants because the associated estimation phases are negative.
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D. Model processes: maturity

Maturation of immature crab in TCSAMZ2013 is based on sex- and size-specific probabilities of
maturation, ¢, ,, where size z is pre-molt size. After molting, but before assessing growth, the numbers of
crab remaining immature, ny ;) vs 2, @nd those maturing, n; yar v, at pre-molt size z are given by:

_ Dla
n;,IMM,NS,Z = (1 - ¢x,z) "Ny IMM,NS,z

+ — .
Ny MAT NS,z = Ox,z " N IMM,NS,2 D1b

where n, ;yy ns,z 1S the number of immature, new shell crab of sex x at pre-molt size z.

Two options are now available to parameterize ¢, , relative to model parameters py’*t. In the standard
parameterization, the py'et are log-scale parameters related to the ¢, , by:

" _ {ep%‘?&ALE,Z 7z < 100 mm CW female probabilities of maturing at D2a
FEMALEz = 1 72> 100 mm CW pre-molt size z
mat male probabilities of maturing at pre-
bmare,; = ePMALEz molt size z D2b
whereas, for the new option, the p'#* are logit-scale parameters related to the ¢, , by:
mat aguge .
_{1/(1 + ePFEMALEZ) 7 < 100 mm CW female probabilities of maturing at
PremMALEz = ; D3c
’ 1 7> 100 mm CW pre-molt size z
mat male probabilities of maturing at pre-
bmarez = 1/(1 + ePMALEz) molt size z D3d

For both options, each pFii .z - is an estimated parameter (16 parameters), as is each pyj4fz , (32
parameters).

Second difference penalties, P24, on the parameter estimates are applied in the model’s objective
function to promote relatively smooth changes with size. Penalties on negative first differences, P17,
are applied to avoid a decline in the probability of molting-to-maturity at larger sizes. These penalties are
of the form

T - - —— -
P1™ = posfun(Vpmet S1iZ Slfference penalties for decreasing probabilities with Dda
2
P2 = Z[V(focr,lza 9] 2".-difference (smoothness) likelihood penalty D4b
zZ
Vpidt = pitdt — pity first differences D4c
The bounds, initial values and estimation phases used for the parameters in the 2015 model for the
standard option were:
parameters lower bound upper bound initial value phase code name
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mat
PMALE,z -16

-1.0 5

pPrM2MF

mat
PFEMALE,z -16

pPrM2MF

E. Model processes: recruitment

Recruitment of immature (new shell) crab in TCSAMZ2013 has the functional form:

Ryxz=Ryx'R;

recruitment of immature, new shell crab

El

where y is year, x is sex, and z is size. Ry,x represents total sex-specific recruitment in year y and R,

represents the size distribution of recruits, which is assumed identical for males and females.

Sex-specific recruitment, Ry,x, is parameterized as

eanR+5Ry

H H . . .
b= {e”LnR *ORy  y <y (historic recruitment)
yx . .
Yrec < Y (current recruitment) immature, new shell crab

sex-specific recruitment of

E2

where y,... is the first year of “current” recruitment, the sex ratio at recruitment is assumed to be 1:1 and
the 6R,,and 6R§’ are “devs” parameter vectors, with the constraint that the elements of a “devs” vector

sums to zero. Previously, yrc was hard-wired to 1974, but it is now an input in the model control file.

Independent parameter sets are used for the “historic” period during model spin-up (1949-1973) and the

“current” period (1974-2013).

The size distribution for recruits, R,, is based on a gamma-type distribution and is parameterized as

a A,
R,=c71-AP LB

size distribution of recruiting crab

E3

a Az
where a and 8 are parameters, A,= z 4+ 2.5 — z,,;, and c = )}, Azﬁ_l -e # is anormalization constant
sothat 1 =Y, R,. Zmin is the smallest model size bin (27 mm) and the constant 2.5 represents one-half the

size bin spacing.

Penalties are imposed on the “devs” parameter vectors §R;,and 6R;; in the objective function as follows:

P(6R) = Z 6R,*
y

Penalty function on 6R,,

E4

P(SRH) = Z(&e;’ — 8RH_,)?
y

1%t difference penalty function on 6R5

ES5

The bounds, initial values and estimation phases used for the parameters used in the 2013 model are:

lower

parameters bound

upper
bound

initial
value

phase code name
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pLnRY - - 0.0/11.4 1 pMnLnRecHist
pLnR - ” 114 1 pMnLnRec
5R! -15 15 0 1 pRecDevsHist
o8, -15 15 0 1 pRecDevs
. 11.49 1151 11.50 -8 pRecAlpha
P 3.99 4.01 4.00 -8 pRecBeta

where parameters with phase < 0 are not estimated (i.e., treated as constants).

F. Model processes: fisheries

Four fisheries that catch Tanner crab are included in TCSAM?2013: 1) the directed Tanner crab fishery, 2)
the snow crab fishery, 3) the BBRKC fishery and 4) the various groundfish fisheries (lumped as one
bycatch fishery). Crab (males only) are assumed to be retained exclusively in the directed fishery.
Bycatch of non-retained Tanner crab (males and females) is assumed to occur in all four fisheries; discard
mortality fractions for the (discarded) bycatch are assumed to differ between the crab and groundfish
fisheries due to the differences in gear used (pots vs. primarily bottom trawl).

Two options now exist in the TCSAM?2013 code to model fishing mortality: the standard option (used in
previous assessments) and the Gmacs option. The fundamental difference between these models is
illustrated in Figure Al. In both options, the predicted number of crab killed in fishery f by year in
TCSAM2013 model has the functional form:

22
f _lyxmsz _fT 1 . S
My xmsz = o |1—e y.x.m.s.z] Ny ms.z estimated crab mortality in fishery f F1
y,xm,s,z

where y is year, X is sex, m is maturity state, s is shell condition and z is size, Fy’fx,m_s_z is sex/maturity

state/shell condition/size-specific fishing mortality in yeary, and F 5. = X s Fy’f xm.s,z 1S total fishing
mortality sex x crab in maturity state m and shell condition s at size z at the time the fisheries occur in
year y. Note that m}’:,x,m,sz represents the estimated mortality in numbers associated with fishery f, not the

numbers captured (i.e., brought on deck). These differ because discard mortality is not 100% in the
fisheries).

In the standard option, the total fishing mortality rate Fy’f x.m,s,z for each fishery is decomposed into two
multiplicative components: 1) the mortality rate on fully-selected crab, FMZ, and 2) a size-specific
selectivity function S;_ xm.s,z» as follows:

2

y.x,m,s,z

= FMJ,

Y

y,.x,m,s

fishing mortality rate in fishery f

F2s
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In the Gmacs option, the total capture Cj’; xm.s,zrate for each fishery is similarly decomposed into two
multiplicative components: 1) the capture rate on fully-selected crab, Fc!, and 2) a size-specific
selectivity function S;. xm,s,z» as follows:

Cj’; xmsz = FCSJ:I X Sj:_ xms fishing mortality rate in fishery f | F2s

For the Gmacs option, the fishing mortality rate Fy’f x.m,s,z 1S related to the capture rate C£ xmsz DY

f
By xm,s,z

= (] + hms - [1 — r){x,m,s,z]) . C;; xm.s,z fishing mortality rate in fishery f | F2g

y.x,m,s,z

where ry’f xm.s,z 18 the “retention” function and hm; is the rate of handling mortality on discarded (non-
retained) crab.

Fully-selected fishing mortality

The manner in which the fully-selected fishing mortality (or capture) rate is further decomposed is time-
dependent and specific to each fishery. Consequently, this decomposition is discussed below specific to
each fishery.

Considering total fishing mortality (retained + discards) in the directed Tanner crab fishery (TCF) first,
the fully-selected fishing mortality is modeled differently in three time periods. In the standard FMM,
total sex-specific fishing mortality is parameterized as

0.05 y < 1965 fully-selected fishing
FMISF = 0 1965 < y, fishery closed | Mortality rate inthe F3s
directed Tanner crab

eanFTCF+5F;CF+anFxTCF

1965 <y, fishery open | fjshery

where pLnFT¢Fis a parameter representing the mean In-scale fishing mortality in the Tanner crab fishery
since 1964 (catch data for this fishery begins in 1965), 6F; ¥ represents a “devs” parameter vector with
elements defined for each year the fishery was open, and pLnFlF is an optional female-only log-scale
offset (i.e., pLnFSF . = 0) added this year. Prior to 1965, a small directed fishing mortality rate (0.05) is
assumed.

The parameterization for sex-specific capture rates in the Gmacs FMM looks identical, but the parameters
have different interpretations:

0.05 y <1965 fully-selected capture rate
FCIGF = 0 1965 <y, fishery closed | in the directed Tanner crab | F3g
emeCF‘l'SF;CF'*'anF;CF 1965 < Y, flshe'ry open fISheI’y

For Tanner crab bycatch in the snow crab fishery (SCF), the fully-selected discard fishing mortality is
modeled differently in three time periods using:

0.01 y <1978 fully-selected discard fishing
FMSSF = rSCF . ESCF . ePlnFEF 1978 < y <1991 mortality rate in the snow crab F4s
epmSCF_‘_(gF;CF_'_anF).CS‘CF 1992 <y fishery
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where pLnF5¢Fis a parameter representing the mean In-scale bycatch fishing mortality in the snow crab
fishery since 1992 (when reliable observer-based Tanner crab discard data in the snow crab fishery first
became available), §F7F represents a “devs” parameter vector with elements defined for each year in
this time period, and pLnFE;¢F is an optional female-only log-scale offset (i.e., pLnF;5F - = 0) added this
year. Prior to 1978, a small annual discard mortality rate associated with this fishery (0.01) is assumed.
Annual effort data (total potlifts, E3§CF ) is used to extend predictions of Tanner crab discard mortality in
this fishery into the period 1978-1991. To do this, the assumption is made that effort in the snow crab
fishery is proportional to Tanner crab discard fishing mortality and estimate the proportionality constant,
rS¢F  using a ratio estimator between effort and discard mortality in the period 1992-present:

1 resent i i 1 i i
= yPr FMSCF ratio estimator relating fishing
SCF — {N i } mortality rate to effort in the

F5
{% S eos BT } snow crab fishery

where N is the number of years, 1992-present.

For Tanner crab bycatch in the BBRKC fishery (RKF), the fully-selected discard fishing mortality when
the fishery was open is modeled differently in three time periods using:

0.02 ¥ < 1953
FMESF = | max {0.01,—ln[1 — pRKF . ERKF ePL”Fa?”]} 1953 <y < 1991

o PLFRKE 4+ SERKF 4 pLnpRKF

fully-selected discard
fishing mortality rate
in the BBRKC fishery

F6
1992 <y

where pLnFRXFjs a parameter representing the mean In-scale bycatch fishing mortality in the BBRKC
fishery since 1992 (when observer-based Tanner crab discard data in the BBRKC fishery first became
available), SEFF represents a “devs” parameter vector with elements defined for each year in this period
that the fishery was open, and pLnERKF is an optional female-only log-scale offset (i.e., pLnFEKE. = 0)
added this year.. Prior to 1953, a small annual discard mortality rate associated with this fishery (0.02)
was assumed. Annual effort data (total potlifts, EﬁKF ) was used to extend predictions of Tanner crab
discard mortality in this fishery into the period 1953-1991. To do this, we made the assumption that effort
in the BBRKC fishery is proportional to Tanner crab discard fishing mortality and estimate the
proportionality constant, 7RXF  using a ratio estimator between effort and discard mortality in the period
1992-present:

ratio estimator relating fishing
mortality rate to effort in the
BBRKC fishery

en {% Zf;els;;lzt [1 —e —FM;}KF:I}

r = I F7
present
{N Zy=1992 Ea}’aKF}

where N is the number of years, 1992-present, when the BBRKC fishery was open. For any year that the
BBRKC fishery was closed, FM5 X" was set to 0.

Finally, for Tanner crab bycatch in the groundfish fisheries (GTF), the fully-selected discard fishing
mortality in the fishery was modeled differently in two time periods using:

(1 e TFGTF 4 sEGTF GTF fully-selected discard
orr _ I Z ePLNET T HOB T TAPINETT g, 1973 fishing mortality rate | o
FMy = y=1992 in the groundfish trawl
k oPLAFCTE +8FTF +pLnFfTF 1973 <y fisheries
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where pLnFTFis a parameter representing the mean fully-selected In-scale bycatch fishing mortality in
the groundfish fisheries since 1973 (when observer-based Tanner crab discard data in the groundfish
fisheries first became available), SF,°"F is a “devs™ parameter vector with elements representing the
annual In-scale deviation from the mean, and pLnESTF is an optional female-only log-scale offset (i.e.,
pLnFSLF . = 0) added this year. Prior to 1973, the fully-selected discard mortality rate associated with
these fisheries was assumed to be constant and equal to the mean over the 1973-present period.

When the Gmacs FMM option is selected instead of the standard FMM, the previous parameterizations
apply to the FC;‘x’s, not the FM;:,x’s.

The bounds (when set), initial values and estimation phases used for the fully-selected fishing mortality
parameters and devs vectors in the 2013 model were:

lower upper initial
parameters bound bound value phase code name
pLnFT¢F N N -0.7 1 pAVGLnF TCF
SECF 15 15 0 2 pF_DevsTCF
pLnFSC¢F N - -3.0 3 pAvVGLNF SCF
SESCF 15 15 0 4 PF_DevsSCF
ST RKF -5.25 -5.25 5.5 4 Dvainr atE
SERKF 15 15 0 -5 DF_DevsRKF
pLnFCTF - - -4.0 2 PAVGLNF GTF
SEFTE 15 15 0 3 PF_DevsGTF

where all parameters and parameter vectors were estimated (phase > 0), except for those associated with
the BBRKC fishery.

Fishery selectivity

The manner in which fishery selectivity is parameterized is also time-dependent and specific to each
fishery, as with the fully-selected fishing mortality. However, the time periods used to define selectivity
are not necessarily those used for the fully-selected fishing mortality.

In the directed Tanner crab fishery (TCF), total (retained + discards) selectivity (under the standard
FMM) or capture selectivity (under the Gmacs FMM) is modeled using sex-specific ascending logistic
functions. For males, in addition, total selectivity is parameterized differently in three time periods,
corresponding to differences in information about the fishery (pre-/post-1991) and differences in the
fishery itself (pre-/post-rationalization in 2005):
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total selectivity for

-1 . .
ST AL sz = {1 n e—pﬁﬁgﬂALE'(Z—PZso%FMALE)} females in the directed | F9
Tanner crab fishery
-1
({1 + e Phuis (- Zoiie) ) y <1990
TCF(1) reF -1 total selectivity for
Sy SALEmsz = {1 + e PPuaLe '(Z_ZS"%MALE)} 1991 <y <1996 | males in the directed | F10
_ Tanner crab fishery
TCF(2) TCF 1
l{l + e PPmaLs '(Z‘ZSOy.MALE)} 2005 <y <2009
where the pB2 " ®are parameters controlling the slopes of the associated logistic selectivity curves,
pZSOIT,ng 4 18 the parameter controlling the size of females at 50% selection, ELZFLE controls the size

of 50%-selected males in the pre-1991 period, and zs,’¢F

y,MALE

controls the size of 50%-selected males in

the post-1990 period. The latter three quantities are functions of estimable parameters as described in the

following:
1996 . .
——TCF  _ 1 z 7. TCF male size at 50%-selected used in F11
SOMALE ~ ¢ 50y,MALE pre-1991 period
y=1991
TcF _  pLnZsgTCF 4675, TCF male size at 50%-selected used in

Zs50ymaLe — € MALE yMALE post-1990 period F12
where anZSOL‘:fLE is a parameter controlling the In-scale mean male size at 50% selectivity post-1990

TCF
and SZSOy’MALE

is a parameter vector controlling annual In-scale deviations in male size at 50%

selectivity post-1990. As formulated, selectivity in the directed fishery is not a function of maturity state

or shell condition.
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The bounds, initial values and estimation phases used in the 2013 model for the 5 parameters describing

total selectivity in the directed Tanner crab fishery were:

parameters !,%\:Jvﬁg ggﬁre]é '\:‘;}Lael phase code name
PBFEMALE 01 04 0.25 3 s1pTCFF z50
PZSOICEFMALE 80 150 115 3 selTCFF_z50
17\:1?412(51) 0.05 075 0.4 3 selTCFF_z50
MaLE o o 025 3 £ish_slope yr 3
PLNZ50 0015 40 >0 4.5 3 log avg sel50 3

where all parameters were estimated. The bounds, initial values and estimation phase used in the 2013
model for the In-scale “devs” parameter vector 5250;% A, describing annual deviations in male size at
50%-selected (1991-1996, 2005-2009) were:

arameters lower upper initial hase code name
P bound bound value P
TCF -0.5 0.5
6ZSOJ’.MALE 0 3 log sel50 dev_ 3

In the snow crab fishery (SCF), bycatch (discard) selectivity is modeled using three time periods (model
start to 1996, 1997-2004, 2005 to present). Male selectivity is described using dome-shaped (double
logistic) functions in each period, with:

SCF(1) <
S"S”g‘lféj y = 1996 male selectivity in the
SyiatEmsz = 4 Swarny 1997 <y < 2004 _ F13
GSCF(3) 2005 < snow crab fishery
MALE,z =)y
where the double logistic functions S;iFL(;)Z are parameterized using:
a a -1 -1 -
S350, = f1 4+ e PP (ormal ) oA (e EEE) T S g
where pﬁ,fcp(t“)and pZSOfCCF(m) are the 6 parameters controlling the ascending limb of the double

logistic function and pg,

SCF(td)

and pZs, 57D are the 6 parameters controlling the descending limb for

each period t. Note that pZ50iCF (td) js evaluate on the log-scale to ensure positivity.
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Female selectivity is described using ascending logistic functions in each period, with:

Siemats. ¥ <1996 -

SS AL msz = | Seencrs, 1997 <y < 2004 Zig‘fv'i f;b'if;'r‘l’;g In the F15
\Semas. 20055y

where the ascending logistic functions Sﬁgﬂﬂm are parameterized using:

Somarg = {1 + e‘pﬁﬁggﬁ)LE'(z‘PZSOfv%?w)} ' ascending logistic selectivity | F16

where the p[i,fCF ®are the 3 parameters controlling the slopes of the associated logistic selectivity curves

and the pZs, 5" are the 3 parameters controlling size at 50%-selection.

As formulated, selectivity in the snow crab fishery is not a function of maturity state or shell condition.
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The bounds, initial values and estimation phases used in the 2013 model for the 12 parameters describing
male selectivity in the snow crab fishery were:

lower

upper

initial

parameters bound bound value phase code name
SCF(1a) 0.01 0.50
MALE 0.255 4 selSCFM slpAl
SCF(1 60 150
pZSOMAL(Ea) 1225 4 selSCFM_z50Al
SCF(1d) 0.01 0.50
MALE 0.255 4 selSCFM slpDl
SCF(1d 40 200
pZSOMAL(E . 120 4 selSCFM 1nz50D1
SCF(2a) 0.01 0.50
MALE ¢ 0.255 4 selSCFM slpA2
SCF(2 60 150
PZsomare 122.5 4 selSCFM_z50A2
SCF(2d) 0.01 0.50
MALE 0.255 4 selSCFM slpD2
SCF(2d 40 200
pZSOMAL(E . 120 4 selSCFM 1nZz50D2
SCF(3a) 0.01 0.50
MALE ¢ 0.255 4 selSCFM slpA3
SCF(3 60 150
PZsopars 122.5 4 selSCFM_z50A3
SCF(3d) 0.01 0.50
MALE 0.255 4 selSCFM slpD3
SCF(3d 40 200
PZsomars. 120 4 selSCFM 1nZ50D3

where all parameters were estimated.
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The bounds, initial values and estimation phases used in the 2013 model for the 6 parameters describing
female selectivity in the snow crab fishery were:

lower

upper

initial

parameters bound bound value phase code name
PEMALE o oo 0275 4 SelSCEF_s1pal
PZs0 AL >0 150 100 4 selSCFF z50A1
Ifg;(jzzs 0.05 05 0.275 4 selSCFF_slpA2
PZsopsmale >0 120 85 4 5e1SCFF_z50A2
gg;(sz 0.05 0 0.275 4 selSCFF_slpA3
PZs07imars >0 120 85 4 Se1SCFF_z50A3

where all parameters were estimated.

In the BBRKC fishery (RKF), bycatch (discard) selectivity is also modeled using the three time periods
used to model selectivity in the snow crab fishery (model start to 1996, 1997-2004, 2005 to present), with
sex-specific parameters estimated in each period. All sex/period combinations are modeled using

ascending logistic functions:

({1 " e—pﬂ,}:KF(l)‘(Z—szoﬁKF(l))}

SRKF

-1

l{l + e‘PﬁfKF(s)'(Z—PZSO§KF(3))}_1

y <1996

RKF(2) -1
Skmsz = {1+ ePPe el ™Y T 1997 <y < 2004

2005 <y

selectivity in the
BBRKC fishery

F17

where the pg,

RKF(p)

the pZSO§KF (P) are 6 parameters controlling size at 50%-selection. As formulated, selectivity in the

BBRKC fishery is not a function of maturity state or shell condition.

are 6 parameters controlling the slopes of the associated logistic selectivity curves and
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The bounds, initial values and estimation phases used in the 2013 model for the 12 parameters describing

male selectivity in the BBRKC fishery were:

lower

upper

initial

parameters bound bound value phase code name
151;1221) 0.0t 050 0.255 3 selRKFM slpAl
PZsopgrs % 150 122.5 3 selRKFM z50A1
1511;]1}2) 001 050 0.255 3 selRKFM slpA2
pZSOﬁIZIzSEZ) % 150 122.5 3 selRKFM z50A2
1511511;(93) 0.0t 050 0.255 3 selRKFM sl1pA3
PZSO@’ZFLS) % 150 122.5 3 selRKFM z50A3

where all parameters were estimated.

The bounds, initial values and estimation phases used in the 2013 model for the 6 parameters describing
female selectivity in the BBRKC fishery were:

parameters l')%‘gﬁ; EEEEQ I\?a:}:il phase code name
pﬁﬁb{{ﬂiglL)E 0005 050 0.2525 3 selRKFF_slpAl
PZso s >0 150 100 3 selRKFF_z50A1
151{:(1\};,(4225 0.005 050 0.255 3 SelRKFF slpA2
PZs0fgmaie >0 150 100 3 selRKFF_z50A2
15515,(4325 001 050 0.255 3 selRKFF_slpA3
PZs0fpmace >0 10 110 3 selRKFF_z50A3

where all parameters were estimated.

In the groundfish fisheries (GTF), bycatch (discard) selectivity is also modeled using three time periods
(model start to 1986, 1987-1996, 1997 to present), but these are different from those used in the snow




crab and BBRKC fisheries. Sex-specific parameters are estimated in each period; all sex/period
combinations are modeled using ascending logistic functions:

({1 + e-pﬂf”m-(z-vzso?”“))}_1

SGTF

-1
{1 + e—PﬁfTF(S)'(Z—PZsoﬁTF(S))}

y <1986

GTF(2) -1
Yamsz = {1+ ePPx ’ w20 1987 <y <1996

1997 <y

selectivity in the
groundfish fisheries

F18

where the pﬁf

TF(p)

the pZSOgTF(p) are 6 parameters controlling size at 50%-selection. As formulated, selectivity in the
groundfish fisheries is not a function of maturity state or shell condition.

are 6 parameters controlling the slopes of the associated logistic selectivity curves and

The bounds, initial values and estimation phases used in the 2013 model for the 12 parameters describing
male selectivity in the groundfish fisheries were:

lower upper initial
parameters bound bound value phase code name
1\6/17,:151(51) oot 050 0.255 3 selGTFM slpAl
PZsomrs’ 0 12001 80.005 3 selGTFM z50A1
137;541(52) oot 050 0.255 3 selGTFM slpA2
PZsomars 0 12001 80.005 3 selGTFM z50A2
137,:151(53) 001 050 0.255 3 selGTFM_ slpA3
PZsomass 0 20011 g0.005 3 se1GTFM_ 25083

where all parameters were estimated.
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The bounds, initial values and estimation phases used in the 2013 model for the 6 parameters describing
female selectivity in the groundfish fisheries were:

parameters !,%\:Jvﬁg ggﬁre]é '\:‘;}Lael phase code name
Fc';gl\ljlglll?E 0.0t 050 0.255 3 selGTFF slpAl
pZSOgZ(sz 40 1201 82.505 3 selGTFF_z50Al
FG'gl\Ijlfl?E 0.005 050 0.255 3 selGTFF slpA2
pZSOI?"g;(sz . 20.01 145.005 3 selGTFF z50A2
ggﬂing 0.0t 050 0.255 3 selGTFF slpA3
stogﬂ(ﬂg . oot 95.005 3 selGTFF z50A3

where all parameters were estimated.

Retention in the directed fishery

Retention of male crab in the directed fishery is modeled as a multiplicative size-specific process “on top”
of total (retention + discards) fishing selectivity. The number of crab (males only) retained in the directed
Tanner crab fishery is given by

Ry, r tained male crab (numb
FTCF  _ ymsz__ [q_ e_Fy,MALE,m,s,z] Tl retained male cra (numbers) F19
P R MALEms.z yMALEm.s,z in the directed fishery

where R§§,’l’, s,z IS the retained mortality rate associated with retention, which is related to the total fishing

mortality rate on male crab in the directed fishery, F; CALEm,s.20 DY

retained mortality rate in the

RTCF TCF TCF TCF TCF ” _
directed fishery

— . — TCF , .
yms,z — Pymsz 'y MALEmsz = F My Pym,s,z " Oy,MALE,m,s F20

where pJ%F ¢ , represents size-specific retention of male crab. Retention at size, pJ$} s ;. in the directed

fishery is modeled as an ascending logistic function, with different parameters in two time periods, as
follows:

_pRTCFR().(;_p7. TCFR(1) -1
{1 +ePF (z-pZ50 )} y = 1990 size-specific retention in the

directed fishery

TCF —

Pymsz = F21

-1
{1 + e—PIJ’"FR(Z)-(z—szoTCFR(Z))} 1991 <y

where pBTCFR® js the parameter controlling the slope of the function in the each period (t=1,2) and

pZsoTCFRM s the parameter controlling the size at 50%-selected. As formulated, retention is not a
function of maturity state or shell condition.
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The bounds, initial values and estimation phases used for the size-specific retention parameters in the
2013 model were:

parameters !,%\:Jvﬁg ggﬁre]é '\:‘;}Lael phase code name
pBTCErRM 025 Lot 0.63 3 fish fit slope mnl
pZsy PR 8 160 122.5 3 fish fit sel50 mnl
pBTCrR® 025 201 113 3 fish _fit slope mn2
pZsy PR 8 100 122.5 3 fish fit sel50 mn2

where all parameters were estimated.

G. Model indices: surveys
The predicted number of crab caught in the survey by year in the 2013 TCSAM model has the functional
form:

Nyemsz = Qyx " Syxz  Myxmsz predicted number of crab caught in survey | G1

where y is year, X is sex, m is maturity state, s is shell condition and z is size, q,, ,is sex-specific survey
catchability in yeary, S, . , is sex-specific size selectivity in yeary, and n,, , ,,, s , is the number of sex x
crab in maturity state m and shell condition s at size z at the time of the survey in year y.

Three time periods that were used to test hypotheses regarding changes in catchability and selectivity in
the survey over time are defined in the model. These periods are defined as: 1) y < 1982,2) 1982 <y <
1987, and 3) 1988 < y. As parameterized in the 2013 model, catchabilities in periods 2 and 3 were
assumed to be identical, so only two sets of sex-specific parameters reflecting catchability were used in
the model. In terms of the three time periods, catchability was parameterized using the sex-specific
parameters q.. and ¢!/ in the following manner:

qk y < 1982 survey
—_ 11
Tyx =1qx 1982<y <1987 catchability G2
q!! 1988 < y

The bounds, initial values and estimation phases used for these parameters in the 2013 model were:

arameters lower Upper initial hase code name
P bound bound value P

0.50 1.001
qIIVIALE 0.7505 4 srvZ2 q
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0.50

1.001

qFEMALE 0.7505 srv2_ femQ
0.20 2.00

qII\/gALE 11 srv37q
0.20 1.00

qII:'IEMALE 06 srv3_femQ

where all parameters were estimated (phase > 0).

Similarly, survey selectivity in periods 2 and 3 was assumed identical and only two sets of sex-specific

parameters were used to describe survey selectivity using logistic functions:

(

-

l{l + e‘[1n(19)'(z—2505c1)/5295¥]}_1

{1 + e‘[ln(19)'(l—zso;)/5z‘95§c] }_1

y <1982

-1
{1 + e—[1n(19)-(z—250¥)/6295;1]} 1982 < y < 1987

1987 <y

survey selectivity

G3

where the zs0’s are parameters reflecting the inflection point of the logistic curve (i.e., size at 50%

selected) and the §zq5’s are parameters reflecting the difference the sizes at 50% and 95% selected.
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The bounds, initial values and estimation phases used for the selectivity parameters used in the 2013
model were:

parameters !,%\:Jvﬁg ggﬁre]é '\:‘;}Lael phase code name
Zsof\,,ALE 0 %0 45 4 srv2 sel50
Z50;‘EMALE 200 100.01 -49.005 4 srv2_sel50 f
8295 415 0 100 50 4 srv2 seldiff
8295 b paiaLE 0 100 50 4 srv2 seldiff f
Zsof\f,ALE 0 09 34.5 4 srv3 sel50
ZsoIFIEMALE =0 69 9.5 4 srv3 sel50 f
8295 115 0 100 50 4 srv3 seldiff
8295 piALE 0 100 50 4 srv3 seldiff f

where all parameters were estimated (phase > 0).

H. Model fitting: objective function equations

The TCSAM2013 model is fit by minimizing an objective function, ¢, with additive components
consisting of: 1) several penalty functions, 2) several negative log-likelihood functions based on assumed
prior probability distributions for model parameters, and 3) several negative log-likelihood functions
based on input data components, of the form:

o= Z Ap - Fy—2 Z Ap - In(pp) =2 Z A+ In(Ly) model objective function | H1
f p l

where Ff represents the fth penalty function, g,, represents the pth prior probability function, £;
represents the Ith likelihood function, and the A’s represent user-adjustable weights for each component.

Penalty Functions
The penalty functions associated with various model quantities are identified in the section (B-F)
concerning the associated process.

Prior Probability Functions

The prior probability functions associated with various model parameters are identified in the section (B-
F) concerning the associated parameter.
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Likelihood Functions

The model’s objective function includes likelihood components based on 1) retained catch size
frequencies (i.e., males only) in the directed fishery from dockside observer sampling; 2) total catch
(retained + discarded) size frequencies by sex in each fishery from at-sea observer sampling; 3) size
frequencies for immature males, mature males, immature females, and mature females, respectively, from
trawl survey data; 4) dockside retained catch biomass (i.e., males only) in the directed fishery from fish
ticket data; 5) estimated total catch (retained + discarded) mortality in biomass by sex in the crab and
groundfish fisheries from at-sea observer sampling; and 6) estimated mature biomass by sex from trawl
survey data. As discussed in more detail below, size frequency-related likelihood components are based
on the multinomial distribution while those related to biomass are based on either the normal or
lognormal distributions.

Size frequency components
Fishery-related (log-scale) likelihood components involving sex-specific size frequencies are based on the
following equation for multinomial sampling:

multinomial

log-likelihood | 12

bs. d. bs. bs.
INCL = D e pit Iyt +6) — it (e +0)
y z

where f indicates the fishery, x indicates sex, the y’s are years for which data exists, n? _is the sex-

VY, X
specific effective sample size for year y, p%j'zf is the observed size composition in size bin z (i.e., the size

frequency normalized to sum to 1 across size bins for each year), p;'f,?g'f is the corresponding model
estimate, and & is a small constant.

Size compositions for retained catch (male only) in the directed Tanner crab fishery are obtained from
dockside observer sampling and calculated from shell condition-specific size frequencies 70455 ,
using:

3, rObsTCF retained size compositions for the

bs.TCF _ Y, ,S,Z . . .

IMALE z = S pobsTCE directed fishery from dockside H3
s 24z 'y, MALE S,z observer sammpling

where s indicates shell condition (new shell, old shell) and z indicates the size bin. The corresponding

model size compositions are calculated from the predicted numbers retained in the directed fishery
mod.TCF

ry,MALE,m,s,z USing
mod.TCF . . .
mod.TCF _ Yim Xis 'y MALE m.s,z model-predicted retained catch size H4
YMALEZ S X D TmodICr compositions for the directed fishery

where, additionally, m is maturity state (immature, mature).

Size compositions for total (retained + discarded) catch in fishery f (f = 1-4) are sex-specific and are
calculated from sex/shell condition-specific size frequencies 1o, + dyaa, obtained from at-sea
observer sampling using:

obs.f _ 2s [ry,x,s,z

ey + d}? ,I;/falc),csz]

X,z

Vs Yol + d9is el

sex-specific size compositions for
total catch for fishery f from at-sea
observer sampling

H5
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where s indicates shell condition (new shell, old shell) and z indicates the size bin. In the above equation,
d;f,’fg ., has not been discounted for discard survival (i.e., it’s consistent with setting discard mortality to
100%). The corresponding model size compositions are calculated from the predicted total fishing

mortality (numbers) in each fishery f, m)swrs , (= Tyamsz + Of - dyeads ), Using

af . .
o _ Y s My pmms.z model-predicted total catch mortality |
Xz d. i iti i
DI ;rll;m{‘s,z size compositions for fishery f

where, again, the subscript m is maturity state (immature, mature). In eq. H6, m;f,‘c’,‘f,{s,z does not assume
any particular value for discard mortality.

Log-scale likelihood components for the trawl survey involve size frequencies that are sex- and maturity
state-specific, and thus are based on the following equation for multinomial sampling:

ln(LM)srv — z n}s/r;c)m
y multinomial
log-likelihood
DSk (e + 8) ~ gt (et +6)) | '

z

H7

where x indicates sex, the y’s are years for which data exists, n3'y, is the sex- and maturity-state specific
effective sample size for yeary, pgljfzs”’ is the observed size composition in size bin z (i.e., the size
frequency normalized to sum to 1 across size bins for each year), pj'22<"" is the corresponding model
estimate, and § is a small constant.

Fishery biomass components
Likelihood components related to fishery biomass totals are based on the assumption of normally-
distributed sampling, and generally have the simple form:

f_ bs.f _ pmod.f1? -
In(£V)y = —0. SZ[b" 7 —byy normal log-likelihood H8

obsf mod f s

where b,, . is the sex-specific catch mortality (as biomass) in fishery f for year y and b,, is the
correspondlng value predicted by the model. Components of this sort are calculated for retamed biomass
in the directed fishery, total (retained + discard) sex-specific fishery-related mortality in the model crab
fisheries, and discard-related (not sex-specific) mortality in the groundfish fishery. The observed
components of discard-related mortality for each fishery are obtained by multiplying the observed discard
biomass by the assumed discard mortality fraction.

This year, an option to apply a lognormal likelihood to fishery biomass totals was implemented using:

[(n(b225F + 8) — In(b1"2* + 8)]°

lognormal log-likelihood | H9
2-In(1 + cvf 2)

In(£Mf = —0.5 Z

where the cvy ’s represent assumed error cv’s, by fishery.

94




Survey biomass components
Likelihood components related to survey biomass are based on the assumption of lognormally-distributed
sampling errors, and have the form:

lognormal log-likelihood | H9

In(LM)3v = _Z [in(bgles™ + 8) — In(bye™ +8)]°
N = > 2-In(1+ cvpy)

where b95ssTV s sex-specific mature biomass estimated from the trawl survey data for year y, bji2?<"™ is
the corresponding value predicted by the model, and cvy is the cv of the observation. Survey numbers-at-
size n;f;g-g{g,z, classified by sex, shell condition and maturity state, are combined with sex- and maturity
state-specific weight-at-size relationships w;. ., , to estimate sex-specific mature biomass by5<" using

obs.srv _ obs.srv . .
by,x = Z Z Ny x,MATURE,s,z " Wx,MATURE,z mature biomass H10
S zZ

An equivalent equation is used to calculate b{,’},?d-m’.
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Figures
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Figure Al. Comparison of models for fishing mortality in TCSAMZ2013 (left) and Gmacs (right). The

areas associated with retained mortality and discard mortality are the same in both pies. r; is the fraction

of the fishing mortality pie related to retained crab. p; is the fraction of the fishery capture pie related to

retained crab.

96



