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C-3(d) BSAI Crab SAFE

Diana Stram (NPFMC), Forrest Bowers (ADF&G), and Jack Turnock (NMFS-AFSC) presented
information from the Crab Plan Team report and SAFE analyses.

Table 1 shows the SSC recommendations for tier designations, years of biomass or catch, gamma (a
multiplier for natural mortality), natural mortality, and OFL. This year, the SAFE reports for Pribilof
Islands golden king crab and Adak red king crab will be reviewed in September by the Crab Plan Team
(CPT) and in October by the SSC. Next year, the assessments will be ready for the May CPT meeting.

General recommendations to all assessment authors for future assessments:

1. As reiterated from our June 2008 report, “future stock assessments should provide analyses to
support the choice of 7...” in Tier 4. Currently, analysts have used, and the Crab Plan Team and
the SSC have supported, a value of 1 for y in the calculation Fop, = y M, in which M is natural
mortality, which results in a proxy for Fusy. The SSC recommends that analysts provide
rationale for the selection of y=/. The value of 1 for y is the default value used in Tier 5 for
groundfish and should be conservative for crab stocks, since only the legal male component of the
adult stock is harvested. However, analysis in the Environmental Assessment for Amendment 24
to revise overfishing definitions for crab showed that values of y between 2 and 3 might be
appropriate for Fp, estimation for some Bering Sea crab stocks. Therefore, it is desirable to
investigate whether alternative approaches can be developed. Some suggestions for doing this



2. will be forthcoming from the crab data weighting and stock assessment workshop, held in Seattle
during the May Crab Plan Team meeting. A report from that workshop will be available in time
for the September Crab Plan Team meeting,.

3. The SSC encourages stock assessment authors and the Plan Team to discuss whether there is
evidence for a common year that corresponds with a shift in recruitment across stocks. If there is
not a single year, then evidence should be examined for a number of years that are common
across groups of species or areas.

EBS Snow Crab

Public testimony was provided by Leonard Herzog (Alaska King Crab Harvesters Co-op), and Arni
Thomson (Alaska Crab Coalition).

The SSC has reviewed this assessment several times over the last few years. The central component of
this assessment is a length-based model, which integrates length composition, fishery catch, and survey
data. A CIE review and an external review completed last year provided many useful suggestions for
improvement. The SSC supports continued use of this model for stock status determinations and
specifications.

The SSC appreciates the author’s efforts to improve methodological descriptions and to undertake
retrospective and projection analyses. The SSC concurs with the recommendations made on page 10 of
the Introduction to the SAFE, for improvements to be completed this year (for the September Plan Team
meeting) and next year (for the May Plan Team meeting).

The SSC has three additional recommendations for the stock assessment authors to complete by
September (or next June, where noted):

1) Provide a comparison of model results between the model using old survey data in this document, and
a model using newly revised data that corrects previous errors in the database. The SSC is interested in
seeing the results of this analysis, to evaluate the sensitivity of the model to changes in the biomass time
series. We do not envision a complete MSE evaluation with the new data for September, because a
project to do that is being funded by NPRB.

2) The SSC strongly reiterates the need for additional work on the effect of selectivity on the stock
assessment. In October 2008, the SSC requested an analysis of survey selectivity, to be presented at this
meeting. We noted that the model estimates of selectivity (approximately = 1, depending on year) are
considerably higher than those estimated by an underbag experiment, as shown in Figure 24. The
requested analysis has not yet been conducted. Instead, the current SAFE report explains that a second
field experiment is to be done this year to provide new experimental estimates. While it is commendable
to conduct these new experiments to obtain improved estimates, the results of the original selectivity
study by Somerton and Otto (1999, Fish. Bull. 97) are currently the best scientific information available,
and may be more realistic than the new model derived estimates.

The SSC requests that, by June 2010, the stock assessment author include a thorough investigation
of the effects of using the model-derived survey selectivities, in comparison to using the
experimentally derived survey selectivities of Somerton and Otto (1999), and the results of new field
experiments on selectivity, to be conducted in the summer of 2009. Specifically, the SSC requests
comparisons of all reference points, including Bjsy, and Fisy, as well as time series of mature and legal
male biomass estimates, fits to survey size frequencies for male and female crabs, and projections of
future populations toward the rebuilding target.

3) The projection analyses in the document show that the probability of achieving the rebuilding target in
the next two years is less than 50%, under current harvest policy. However, the analyses suggest that a
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50% probability of rebuilding could be achieved, with a substantial reduction in fishing mortality. The
Plan Team recommends such an approach and suggests how it would be implemented. The SSC requests
that forecast errors be included in the projection graphs, so that the uncertainty in the projections can be
better visualized. Also, it would be helpful for the author to provide an indication of the uncertainty in
the rebuilding target biomass. This could be done either for the original target in the Rebuilding Plan, or
for an updated target based on more recent information, or both. This will help show how uncertainty in
data and model inputs affect the perception of stock rebuilding.

The SSC concurs with the Plan Team recommendations for OFL: the stock should be managed
under Tier 3, the range of years (1979 and later) used for parameter estimation is appropriate, and
OFL should be determined using Fjs;, and the model. Council staff informed the SSC that the
revised snow crab SAFE will be available for SSC review at the October Council meeting. To
accommodate this additional level of review, the Alaska Department of Fish and Game will delay
setting the EBS snow crab TAC until after SSC review in October.

Unlike the Plan Team, the SSC has no recommendation on the issue of adjusting TAC downward, to
increase the probability of reaching the rebuilding target within the 10 year timeframe required in the
rebuilding plan (year 2011). The topic of how often to evaluate and revise harvest rebuilding plans during
the stock rebuilding period has been debated nationally in scientific and management circles. There is no
clear consensus on the optimal approach, but it is clear that there are tradeoffs. However, this does not
remove the obligation to rebuild overfished stocks.

The SSC recommends that changes in rebuilding policy be carefully evaluated under a range of
management scenarios and population responses. The current harvest strategy provides for rebuilding
to the target level. Progress in stock rebuilding has already been made, and the time of rebuilding will
depend on future recruitment trends, population status, and magnitude of harvesting. The SSC seeks
clarification, before the October Council meeting, about its role in providing advice on rebuilding
overfished crab stocks in which management authority has been delegated to the State of Alaska.

Bristol Bay Red King Crab

A length-based model, using trawl survey data, catch data (retained + bycatch), length-frequencies from
the fishery, and fishery CPUE data, is used to estimate abundances and management parameters. This
model was first introduced in 1995, and underwent some major changes in 2004. Last year's model was
based exclusively on post-1984 data, but at the request of the CPT and the SSC, this year's model was
again fit to the full time series from 1968 through 2009. Additional changes from last year include the
incorporation of revised trawl survey data from 1975 through 2008, incorporation of the Bering Sea
Fisheries Research Foundation (BSFRF) survey data for 2007/2008, and allowances for temporal
variation in female maturity and in male and female natural mortality. The authors present results for
three models: Model 1 includes a fixed natural mortality (M=0.18) with "additional" mortality terms for
males and females in 1980 through 1984, and for females in 1976 through 1979 and 1985 through 1993.
Model 1 also includes the BSFRF survey data. Model 2 assumes a constant M=0.18 across years and
includes BSFRF data. Model 3 is similar to Model 1, but without the BSFRF data.

The results suggest that Model 2 fits the data very poorly, as evidenced by the much higher value of the
negative log-likelihood and by poor fits to the survey data (Fig. 12). Models 1 and 3 have very similar
fits in terms of the log-likelihood, but there are some marked differences in the estimated biomass series,
in particular, during the peak in the late 1970s / early 1980s and in recent years. However, estimates from
both models are well within the 95% confidence intervals of the survey data. The SSC supports continued
exploration of the implications of including the BSFRF data. However, the SSC concurs with the CPT
that, without better documentation of the BSFRF data, and without some examination of its apparent
influence on biomass trajectories, the data should not be included for setting the OFL for 2009/10. The
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SSC also remains concerned about the apparent ad-hoc approach to incorporating additional mortality
terms, as detailed below.

In addition to the choice of models, another issue concerns the time period over which recruitment
estimates should be averaged to estimate Bsss, (as a proxy for Bysy). As in last year's assessment, the
authors argue for using the recruitment series since 1995, because of the documented 1989 regime shift
(affecting recruitment about 6 years later, in 1995) and the apparent higher productivity following the
regime shift (Figure 33). The SSC provisionally accepted the 1995 through 2008 period for last year's
assessment and concurs with the author's and the CPT's choice of the 1995 through 2009 recruitments for
estimating Bsse, in this year's assessment.

The SSC concurs with the CPT recommendation that the stock continue to be managed under Tier
3 and that Model 1, using the 1995 through 2009 series of estimated recruitments, be used as a basis
for estimating B;s, and the associated Fop, and OFL, once 2009 survey data are incorporated.

The SSC appreciates the authors' responsiveness to previous requests and the improved documentation of
the model, model results, and much of the underlying data. We recognize that the Bristol Bay red king
crab model is one of the best developed crab stock assessments and encourage further development of the
model in an attempt to move the stock to an eventual Tier 1 designation. However, a number of issues
remain to be resolved, and the SSC offers the following points for consideration in the 2010 assessment
cycle:

1. We request that the authors continue to explore a model that uses a constant M over time or other
ways of accounting for the large biomass peak in the late 1970s / early 1980s and the subsequent
steep decline in crab abundance. It remains unclear whether the decline was due to increased
mortality (e.g., predation by Pacific cod), a shift in productivity, or a fishing impact. In
particular, any changes in fishing mortality should be modeled as such, based on the history of
changes in gear and fishing practices. Although Model 2 fit the data poorly, the reasons for the
poor fit, in particular to the latter parts of the time series, are not entirely clear and may, in fact,
suggest failure of convergence in the optimization routine, rather than model misspecification.

2. The incorporation of a number of periods that allow for "additional" male and/or female mortality
needs to be re-evaluated, and a sound rationale for the choice of these periods must be provided.
For example, the rationale for why the time periods are different for males and females and why
female mortality differs between 1980 through 1984, 1976 through 1979, and 1985 through 1993
is not clearly stated. To the extent practicable, these periods should be based on clearly
documented oceanographic and biological considerations.

3. The SSC continues to question the rationale for using the 1995 through the current time period of
recruitment for estimating Bjsy,. We recognize that the rationale is more developed for this stock
than for some other stocks and that it is primarily based on a perceived shift in productivity in
1989 (first apparent in the 1995 recruitment of 6-year old crab). However, while recruitment was
somewhat higher in the post-1988 period, the difference in mean recruitment is not significant
(fertilization years 1977-88, i.e. post 76/77 shift, vs. 1989-2002: t =0.125, p = 0.91; 1979-88, the
period used in the assessment, vs. 1989-2002: t = 1.57, p = 0.13). Therefore, we request that
model runs continue to be based on both periods, for comparison, and that the rationale for using
only the post-1988 period be re-evaluated, perhaps as part of a broader evaluation of appropriate
productivity periods across crab stocks in this region.

4. There is a discrepancy between the recruitment estimates summarized in Table 6, those shown in
Figure 33, and those shown in the stock-recruitment relationship in Figure 35. The latter seem to
be labeled by year of hatching, rather than the year of mating, as stated in the legend. These need
to be checked, in order to provide appropriate recruitments for estimating reference points. In
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addition to the parameter estimates in Table 6, it would be very useful if the document included a
table of actual recruitment estimates.

5. The rationale for using three different time periods for estimating average size at 50% maturity
(Figure 9) is unclear and needs to be clearly articulated in the document. For example, these
periods differ from those that were used to model additional mortality for females, and it could be
argued that the same mechanism may be responsible for higher mortalities and smaller size-at-
maturity, suggesting that the same periods be used for modeling changes in these parameters. A
more objective approach to modeling size-at-maturity might be to fit a smooth trend to size at
50% maturity over time or use an appropriate algorithm to find change points in the time series.

6. The SSC appreciates the inclusion of likelihood components that incorporate appropriate
coefficients of variation, rather than arbitrary weights. We request that the weighting issue be
explored further, following recommendations from the recent stock assessment/data weighting
workshop. Possible approaches to pursue include conducting additional sensitivity analyses to
examine the influence of different weights, estimating effective N for multinomial likelihood
components within the model, as is done for many groundfish assessments, or employing a fully
Bayesian implementation of the model with appropriate priors, as recommended by the CPT.

7. In addition to using the BSFRF data to get an improved estimate of capture probability by size,
the data should also be included in a model alternative presented to the CPT and SSC. However,
as noted earlier, all data must be clearly described and documented and the model fit to the data
should be shown.

Tanner Crab

Estimates of MMB biomass are derived annually from information collected during the EBS trawl survey.
Following this summer’s survey, assessment authors will incorporate new estimates into revised
assessments for CPT review in September 2009. Fish ticket and observer data are used to estimate
retained and non-retained catch, and assumed handling mortality rates are applied to the non-retained
portion of the catch, to estimate a total catch OFL. Estimated abundance of legal males increased over
2007 abundance by 9%, largely due to a high density of legal males observed at a single survey station.
Although the stock was determined to be rebuilt in 2007, the 2008 survey showed a marked decline in
estimated abundance across all other size classes of males and females, possibly signifying the
commencement of a declining period of abundance for this stock.

The revised EBS bottom trawl time series was not used in the Tanner crab assessment. This information
is important for stock status determination and the SSC recommends use of the revised time series
for the final assessment in 2009. The SSC agrees with the CPT and authors that the OFL for this
stock should be based on the Tier 4 control rule, since no formal assessment has been developed for
the entire EBS region. The SSC agrees with the CPT and authors that Brer be based on the average
mature male biomass (MMB) for the years 1969 through 1980, discounted by fishery removals
(retained and non-retained mortalities) and natural mortality between the time of survey and
mating, and that y=1.0 and M=0.23. This equates to a Brgs of 189.76 million pounds of MMB. The
SSC notes that the current BSAI Crab SAFE Introduction mistakenly lists the range of years for
calculating Brgr as 1975 through 1980.

The SSC recommends that the stock assessment authors should:

1. Use the most recent data available, including revised survey data to be available for review in
September and revised bycatch data from the groundfish fisheries when those become available.

2. By September, 2009, provide complete documentation on data sources and the calculations and

assumptions used in the stock assessment for computing OFL. Table headings should clearly and
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accurately describe the data, including indicating when data includes a handling mortality
assumption.
3. Develop an assessment model that incorporates the entire stock area in the next assessment cycle.

Pribilof Islands Red King Crab

The SSC agrees with the Plan Team recommendations for management of Pribilof Islands red king
crab under Tier 4, setting y=1, M=0.18, using the 1991 through 2009 period to determine the
average mature male biomass as a proxy for Bysy, once the 2009 bottom trawl survey results for
this area are available. The SSC appreciates the inclusion of estimates of Bysy proxies for the two time
periods, 1980 through 2009 and 1991 through 2009, and looks forward to the results of the final analysis
in October. The Plan Team’s rationale for beginning the time series at 1991, was based on the observation
that red king crab were relatively uncommon in the area, prior to 1991. The SSC would like to see this
rationale included in the final SAFE report. The SSC also looks forward to seeing the implementation of
the catch-survey analysis in next year’s iteration of the assessment.

The SSC notes that there is a possibility that the abundance trends of red king crab are related to those of
blue king crab, in that red king crab may be replacing blue king crab in the Pribilof Islands area. Given
this possibility, it would be valuable to include interactions between these crab species, as a factor in any
future development of population dynamics models. This might take the form of a single king crab model
with partitioning of size class abundances between the two species, or of two separate models with a
factor in each to account for the interaction.

In regards to ecosystem considerations, the SSC would like to see consideration given to time trends in
the abundance and potential influence of major fish predators, including arrowtooth flounder. Also, the
SSC suggests that calculations of the impact of pot gear on the substrate should be based on the area
inhabited by the Pribilof Islands red king crab population, rather than the entire area of the Bering Sea
shelf.

Pribilof Islands Blue King Crab

The SSC agrees with the Plan Team recommendation for management of Pribilof Islands blue king
crab under Tier 4, with y=1, M=0.18 using the 1980 through 1984 and 1990 through 1997 time
periods, to determine the average MMB as a proxy for Bysy, estimated as 9.01 million pounds. The
SSC appreciates seeing the written justification in the SAFE omission of the 1985 through 1989 period,
because it may not represent the productivity potential of the current stock.

This stock was declared overfished in 2002 and, even though there has not been any directed fishing since
1999, the stock has continued to decline. It is unlikely that it will be rebuilt by the end of the rebuilding
plan 10 year horizon in 2012. Recognizing that a new rebuilding plan will be needed, and that additional
protective measures could be taken, the SSC commends the Plan Team for considering five alternatives
(listed in the September 2008 plan team minutes) to reduce bycatch of blue king crab, four of which
pertained to closing areas to all targeted groundfish harvest or just to directed Pacific cod harvest. The
fifth alternative was to modify pot gear for Pacific cod. If the Council initiates a review of these
alternatives, the SSC requests that the analysts identify expected bycatch reductions that might be
accrued. The SSC also encourages additional observer coverage as appropriate to improve monitoring of
blue king crab bycatch. While the Plan Team suggested not considering this fifth alternative, the SSC
suggests that use of a slick ramp for Pacific cod pots to make entry into a pot difficult for king crab
should be considered.

In regards to a revised rebuilding plan, the SSC recommends reconsideration of the time frame for
estimation of Bggr in terms of potential environmental changes that may have altered the potential
productivity of the population. The SSC also requests that when a revised rebuilding plan is developed, it
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should include an analysis examining information on stock separation from the St. Matthew Island blue
king crab stock and the possibility of competitive or predation interactions with Pribilof Islands red king
crab.

St. Matthew Island Blue King Crab

St. Matthew blue king crabs are assessed by a four-stage catch-survey analysis of males only. This stock
was declared overfished in 1999, and the fishery has since been closed and managed under a rebuilding
plan. This stock has been recovering, and mature male biomass exceeded the rebuilding target in 2008. If
this occurs in 2009, as well, which the Crab Plan Team feels is likely, the stock will be considered to be
rebuilt.

Five model scenarios were analyzed. Among these, the Crab Plan Team recommended scenario 1, with a
fixed catchability coefficient (q) and natural mortality (M), with a separate M estimated for 1999. The
SSC agrees with the choice of model scenario 1, the Plan Team’s recommendation for Tier 4
designation, and the Plan Team’s itemized comments listed on p. 18 of the introduction section of
the Crab SAFE. In summary, these are: (1) towards possible future Tier 3 designation, continue model
refinements for review at the May 2010 Crab Plan Team meeting; (2) include bycatch in the estimation
model, so that a total male catch OFL can be estimated and, ultimately, total male and female catch OFL;
(3) include confidence intervals on model output and CVs for surveys; (4) examine the sensitivity of
weighting choices; (5) include separate likelihood components for total number of crab and breakdown to
size classes; (6) report the number of parameters for each model scenario; (7) justify how changes in
molting probability affect model results; and (8) run the model to determine how the stock might respond
at a Fysy proxy to inform Bygy.

Norton Sound Red King Crab

This assessment utilizes a length-based model that combines multiple sources of data, including
information from four surveys and three fisheries. The revised model does not include discard mortality
or mortality from non-directed fishery bycatch. The stock trajectory exhibited a sharp decline in the
1980s, from high biomass levels during the 1970s, followed by a gradual increase after 1996. The harvest
rate was high in the late 1970s and early 1980s, and it fluctuated around 10% after 1983. The authors
addressed the SSC request for a likelihood profile on natural mortality.

The CPT recommended, and the SSC agrees, that the assessment model output be used as the basis
for estimating biological reference points for the 2009/10 season. The author provided scenarios under
two different assumptions regarding natural mortality (M = 0.3 and M= 0.18). The CPT recommended,
and the SSC concurs, that the scenario based on M = 0.18 be used for estimating stock status in 2009. The
CPT also recommended, and the SSC concurs, that this stock qualifies for Tier 4 management, that the
reference time period for estimation of Bysy proxy should be 1983 through 2009, and gamma should be
set at 1. Based on these considerations, the SSC recommends a 2009/10 OFL for Norton Sound red
king crab of 0.71 million pounds (retained catch OFL).

In addition to the recommendations above, the CPT provided the following recommendations for
improvements to the model (see following paraphrased from CPT minutes). The SSC agrees with the
CPT that these additional requests should be addressed in the 2010 assessment including:

1. The assessment model from the previous year should be included in the current assessment in
order to evaluate the impact of changes made to the model, and to have those results as a fall-
back option if the current model is unsuitable and rejected for OFL-determination.

2. In this assessment, stock losses due to natural mortality and retained catch are considered.
Mortalities due to directed fishery discards and non-directed bycatch are not included; thus,
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handling mortality is explicitly set equal to zero. In the absence of observer data on discards and
bycatch, the assessment should include a sensitivity analysis as to a plausible range of non-
retained mortalities. Also, the approach used in the Bristol Bay red king crab assessment for
estimating discarded catch in the directed fishery should be investigated, with the results
compared to those from the zero non-retained mortality assumption.

3. The assessment should be updated for September 2009, with the 2008/09 retained catch, in order
to determine if overfishing was occurring in 2008/09.

4, Further analysis of the retrospective pattern in the assessment should be performed given
concerns regarding the consistent pattern indicating an overestimate of biomass, compared to the
trawl survey.

5. The assessment should include an assumed bycatch and discard mortality.

The CPT also requested, and the SSC concurs, that subsequent assessments include an OFL calculation
based on Tier 5. However, the SSC continues to encourage the author to work on the Norton Sound red
king crab assessment model, with a long-term goal of moving this stock to Tier 3. In particular, the SSC
requests that likelihood profiles on natural mortality be included in the 2010 assessment, to re-examine
the results when bycatch mortality and discard are included in the model.

The SSC recognizes that the author made last-minute adjustments to the SAFE chapter, in response to
CPT requests. Several sentences appear to be remnants from the earlier version and should be fixed. For
example:

1. Page 15 2™ paragraph. The author should clarify that the information available for the assessment
has changed since the publication of Zheng et al. 1998. The conclusions made in 1998, may not
reflect the conclusions that would be made with the current model under different assumptions of
the baseline natural mortality rate.

2. Page 17, first full paragraph, last sentence. This sentence appears to be in conflict with the
recommendation for setting gamma = 1.

Aleutian Islands Golden King Crab

Public testimony was provided by Linda Kozak (Kozak & Assoc.) and Dick Tremaine (Norton Sound
Economic Development Corporation).

The Crab Plan Team has determined that the assessment model for Aleutian Islands golden king crab is
insufficient, and should not be used. They recommend managing this stock under Tier 5, using a retained
catch OFL. The SSC agrees with Tier 5 designation for this stock, but had much discussion over the
time period to be used to calculate catch averages.

The Crab Plan Team recommends using the time period of 1990/1991 through 1995/1996, whereas the
SSC continues to recommend the period of 1985/1986 through 1995/1996. The SSC and Crab Plan Team
agree that data prior to 1985/1986 are not appropriate to include, due to a reduction in the minimum size
limit in 1985. The Crab Plan Team argued that catches during 1985/1986 through 1989/1990 are
inappropriate for OFL estimation, because declines in average weight (from 4.5 to 4.1 Ibs) and fishery
CPUE (from 11.9 to 8.0 crabs per pot) during this period might be indicative of an unsustainable level of
harvest. However, the SSC finds that those declines are rather small, relative to variability over the
history of the fishery. Moreover, the SSC notes that the fishery may have been affected by other factors,
such as changes in fishing effort, market price, and other BSAI crab fishing alternatives. The SSC notes
that the management system was relatively constant from 1985 onward. This provides another
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justification for using the longer time period to calculate catch averages. A longer time period likely
provides a more robust estimate than a shorter time period.

The SSC recommends a retained catch OFL of 9.18 million pounds (i.e., same as last year) under
Tier 5, based on average catch over 1985/1986 to 1995/1996. The SSC looks forward to further
improvements in model development, in hopes that this stock can be managed under Tier 4 in the near
future.

The SSC endorses the detailed CPT comments on page 8 of the May 2009 Crab Plan Team Report,
which in summary are: (1) fits to size-composition data suggest model mis-specification; (2) need for
clarity on fully selected F given that selectivity does not reach 1.0 at any size; (3) investigation of
unexpected model results that suggest that some large crab are discarded; (4) consideration of whether eq.
25 is redundant with eq. 21 with clarification on what is observed vs. predicted and examination of model
sensitivity to removal; (5) consideration that the penalty terms are in disparate units, which may have
substantial effects on model performance; (6) fix typos on variables for C and D in egs. 10 and 11; and (7)
include scenarios both with and without commercial CPUE data consistent with previous SSC advice.






