AGENDA C-3(c, d)

FEBRUARY 2010
MEMORANDUM
TO: Council, SSC and AP Members
W ESTIMATED TIME
FROM: Chris C.)llver. 4 HOURS
Executive Director
(All C-3 items)

DATE: February 2, 2010

SUBJECT: Bering Sea Crab issues

ACTION REQUIRED M

(c) NOAA/Bering Sea Fisheries Research Foundation survey report f‘j(wé

(d) Review methodology for ACL analysis and performance measures for rebuilding; review of Crab Stock
Assessment and Data Weighting report (SSC only)

BACKGROUND
(c) NOAA/Bering Sea Fisheries Research Foundation survey report

NOAA Fisheries and the Bering Sea Fisheries Research Foundation (BSFRF), an industry organization,
conducted a cooperative survey using side-by-side tows with two different types of nets to understand the
selectivity of the NMFS annual Bering Sea trawl survey net for snow crab. A report from AFSC staff , attached
as Item C-3(c)(1) reviews the research to estimate snow crab selectivity and efforts to understand the sensitivity
of the snow crab model to the selectivity parameters. This report discusses the extent to which the cooperative
survey data can be compared with the NMFS trawl survey data and the selectivity differences between the two
types of nets. A report from BSFREF (initially presented to the Crab Plan Team in September 2009) is attached
as Item C-3(c)(2). Representatives from the BSFRF and AFSC will be on hand to report on these surveys.

For the SSC only, the AFSC stock assessment author will present a sensitivity analysis of the NMFS snow crab
model regarding the selectivity parameters. Two documents related to treatment of these data in the snow crab
model are provided. Item C-3(c)(3) provides results of various runs of the Bering Sea snow crab assessment
model under different assumptions regarding survey selectivity and natural mortality and projections evaluating
rebuilding under these assumptions. Item C-3(c)(4) evaluates treatment of the 2009 industry survey data as an
additional survey in the snow crab assessment model.

(d) Review methodology for ACL analysis and performance measures for rebuilding; review of Crab Stock
Assessment and Data Weighting report (SSC only)

ACL analysis and performance measures

A workgroup of Crab Plan Team members, SSC members and other state and federal staff continues to make
progress on methodologies for proposed ACLs for BSAI crab stocks to meet statutory requirements. SSC
review of draft documents at this time is intended to assist analysts in refining methods for formulating ABC



control rules for BSAI crab stocks which explicitly account for uncertainty. A draft description of the ACL
alternatives and the rebuilding options for Snow and Tanner crab stocks is included as Item C-3(d)(1). This
includes changes to the snow crab rebuilding alternatives as recommended by the SSC in December. However,
further clarification is sought from staff on the request by the SSC in December regarding inclusion of a
performance measure in the rebuilding alternatives (rebuilding alternatives are included under Item C-3(d)(1).
This request was the following (from December 2009 SSC minutes):

We recommend that all of the alternatives include a performance measure to evaluate the probability
that the stock does not rebuild by a certain year (for example after 10 years), similar to the Bjgy,
threshold for some groundfish. This would provide a stronger incentive to avoid a potential stock
collapse.

Analysts seek further discussion and clarification from the SSC on the specifics for addressing this request in
the alternatives.

A draft impact analysis of ACLs for the Bristol Bay red king crab stock is provided as Item C-3(d)(2). A
descriptions and preliminary impact analysis of Tier 5 crab stocks is included as Item C-3(d)(3). Staff will
provide overviews of these documents and progress towards the full ACL analysis of BSAI crab stocks.
Preliminary review of that analysis is scheduled for April with initial review in June.

Crab stock assessment and data weighting workshop report

In May, 2009, a crab stock assessment workshop was convened at the Alaska Fishery Science Center in
Seattle. Workshop participation involved primarily by members of the Crab Plan Team, crab assessment
authors, and other scientists involved in groundfish stock assessment and fishery management in Alaska. The
workshop provided draft guidelines for structuring stock assessment documents, and guidance on addressing
data weighting and diagnostic issues related to stock assessment. The report from the workshop was appended
to the 2009 Crab SAFE report and also mailed to you in January. Dr. André Punt of the University of
Washington and a member of the Crab Plan Team will provide an overview of the workshop findings.



AGENDA C-1(c)(1)
FEBRUARY 2010

N Review of the research to estimate snow crab selectivity by the NMFS trawl survey

David Somerton, Ken Weinberg (RACE Division, Alaska Fisheries Science Center),
and

Scott Goodman (Natural Resource Consultants)

The length-based fishery management model for snow crab contains parameters describing the
processes of growth, natural mortality and survey selectivity that may be estimated during the model
fitting process but which could be statistically confounded and, compared to those of many Bering
Sea age-based fish models, estimated with considerable uncertainty. In the September 2009 snow crab
assessment model, growth and natural mortality were fixed in the model and survey selectivity
estimated. If survey selectivity could instead be estimated external to the model fitting process, for
example, using experimental data, then the outputs of the management model are likely to have less
bias and greater precision (Somerton et al. 1999). Here we examine the research, leading to and
culminating in the 2009 NMFS-BSFRF cooperative study, which focused on the problem of
estimating snow crab survey selectivity from experimental data.

To better understand the research approaches that have been taken, it is important to clearly
understand the goal. Survey selectivity is considered in the management model as a size-dependent
proportionality between the true population abundance and that estimated by the trawl survey using
swept area methodology. It is typically described mathematically using a logistic function, with the
asymptote or maximum value of this function referred to as “q”. In contrast to this, trawl selectivity is
the proportion by size of the animals in the path of the trawl that are actually caught, and, equivalent
to survey selectivity, the asymptote of this function can be referred to as “Q” (again: q is global over
the population; Q is local to a specific time and location). In all of the approaches described here,
survey selectivity is estimated from estimates of trawl selectivity, which, in turn, are estimated from
data collected using trawl selectivity experiments.

Several experimental approaches have been used to provide the data needed to estimate snow crab
traw] selectivity of the standard 83-112 bottom trawl used by the AFSC to survey the eastern Bering
== sea, all include some method for obtaining an estimate of the true density of crabs in the trawl path.

~—  The first, conducted in 1995, used a Leslie depletion experiment and estimated Q by modeling the



change in catch per swept area (cpue) with increasing number of tows in a small area (Somerton
unpublished data). Unfortunately, the results of this study were put in question when a Canadian
study reported that snow crab are attracted to and quickly repopulate trawl tow paths.

The second study, conducted in 1998, attempted to obtain an estimate of the true density by
attaching a heavily weighted auxiliary bag under the trawl to capture crab escaping beneath the
footrope (Somerton and Otto, 1999). The estimated trawl selectivity function, based on the ratio of the
trawl catch to the combined catch of the trawl and the auxiliary bag (Fig. 1), rises to a maximum of
about 0.85 (the asymptote was larger [0.99], but outside of the snow crab size range).

There were two compelling reasons to question the validity of this Q estimate and its use as a proxy
for q. First, the auxiliary bag captured so much debris that the increased drag caused a decrease in
trawl net spread which, in turn, potentially changed footrope contact and selectivity. To compensate
for this, tow length was shortened from the standard 30 min to 15 min, trawl bridles were shortened
by 50% (this increases the spreading force and helps to counteract the increased drag) and the
experimental area was moved into shallower, sandier areas where net performance was better. Thus
the experimental tows were not conducted exactly like the standard survey tows and the experimental
area was not representative of the snow crab survey area but instead was restricted to the shallowest
and most southerly part (Fig. 2). Second, the catch in the experimental trawl included considerably
more small crabs than are observed in survey catches, indicating that some aspect of the experiment
was creating an artifact. Although a modified selection model was fit to these data (Fig. 1), the
presence of the small crabs again indicated non-standard trawl performance.

To address these problems, in 2009 NMFS and BSFRF jointly conducted a side-by-side trawl
selectivity experiment where the true density in the trawl path was to be estimated using both a
modified version of the standard NMFS survey trawl and the BSFRF nephrops survey trawl that has
been previously used to survey red king crab. The modifications to the NMFS trawl included a layer
of small mesh lining the trawl belly to retain small crabs and the addition of a tickler chain in front of
the footrope to lift crabs off of the bottom just before footrope passage. Side-by-side trawling is a |
commonly used technique to determine the selectivity of one trawl relative to another, and produces
estimates of selectivity with somewhat higher variances than the auxiliary bag technique because
absolute abundance cannot be estimated directly in the path of the standard trawl. However, trawl
performance with large debris catches are better controlled with separate trawls than with an auxiliary

bag. Unfortunately, during testing prior to the start of the experiment, the modified NMFS trawl filled
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A with debris so rapidly that the net was completely torn away from the remainder of the trawl before it
could be retrieved. Since only one additional experimental trawl remained for the side-by-side study,
the experimental protocols were changed so that the tickler chain was removed, 37 kg of chain were
attached to the footrope and tow lengths of both the experimental and standard trawl were reduced to
the same duration (5 min) as the BSFRF tows.

The side-by-side experiment occurred in July, 2009, in an area south of St. Matthew Is. (Fig.2).
Twenty-four successful side-by-side tows were conducted simultaneously by two NMFS charter
vessels towing the standard and modified NMFS trawls and a BSFRF charter vessel towing the
nephrops trawl. The initial intent of the experiment was to use the catch of the original modified trawl
to obtain estimates of absolute density; however the ad-hoc modifications to this trawl put this in
question. Consequently, the cpue of the modified trawl was tested against that of the nephrops trawl
which was assumed to capture all crabs. For all size categories (large males [width>102mm]; medium
males [78<width<102]; small males [width<78 mm]; large females [width>50 mm] and small females
[width<50 mm]), cpue estimates from the modified traw] were significantly less (max p<0.02) than
those obtained with the nephrops trawl. Therefore, the BSFRF cpue values were used as estimates of
true crab density. The resulting estimates of trawl selectivity (mean ratio of NMFS to BSFRF cpue)
were as follows: large males (0.35), medium males (0.27), small males (0.13), large females (0.25)
and small females (0.03). Thus an approximate Q value for large males was estimated to be 0.35 (a
mean over a width interval rather than a maximum value).

As with the auxiliary bag experiment, there are compelling reasons why this estimate of Q may not
be a suitable proxy for q. First, the tow length of the standard trawl was reduced from 30 min to 5
min, and previous research (Somerton et. al 2002) indicated that snow crab cpue increases when tow
length is reduced. In addition, the short tow length required inclusion of the “end-effect” catch or the
small amount of catch taken outside of the standard tow bounds that is normally ignored for 30 min
tows. Second, the experimental area was again locally focused and not representative of the entire
snow crab distribution (Fig. 2). Third, the dimensions of the nephrops trawl are smaller than those of
the NMFS trawl and towing speed is slower, which could lead to a greater contribution to cpue from
the herding of large snow crab into the trawl path (Craig Rose, AFSC, per. comm.).

To address the first two of these issues, a different method was used to estimate trawl selectivity
using the normal survey trawl hauls conducted by both NMFS and BSFRF in the 27 NMFS sampling
blocks comprising the 3 BSFRF survey areas (Fig. 2). For the respective surveys, NMFS conducted a



standard 30 min tow at the center of each of these blocks, while BSFRF conducted 4, randomly
located 5 min tows. Although the BSFRF tows differed in both time and location from the NMFS tow
in each block, the 4 tows were averaged and used as a proxy for a side-by-side tow to estimate crab
abundance within the NMFS tow path. In addition, because the BSFRF survey covered a much larger
area than either the side-by-side experiment or the auxiliary bag experiment, spatial covariates,
including depth, sediment size and net spread, which have all been correlated with footrope contact
(Weinberg and Kotwicki 2008; von Szalay and Somerton, 2005), were included in the selectivity
estimation model.

The trawl selectivity model was developed considering the functional form of the model, the spatial
covariates that should be included and the consequences of the strong skew in the cpue ratio (i.e.,
NMEFS cpue / BSFRF cpue). Spatial covariates were added in a way that influenced either the value of
the asymptote (i.e., in the numerator of the logistic function) or the rate at which the asymptote was
reached (i.e., in the denominator). Regardless of the form of the model, net width always improved
the model fit (lower AIC) more than either of the other covariates, and the overall best fit was
obtained with net width in the denominator (Because the separation distance between the footrope and
the bottom increases with increasing net spread [von Szalay and Somerton 2005], a variable
asymptote model is conceptually the best model, but it did not fit the data best). The importance of the
net width effect indicates that trawl selectivity varies spatially over the survey area. This is evident in
Fig. 3 where the best fitting selection model is shown evaluated at the mean and extremes of net
spread over the 27 NMFS blocks. When the net spread is low, as it is in the southeastern portion of
the 27 blocks, the selectivity is relatively high and similar to that observed with the auxiliary bag
experiment that was conducted near this area (Fig. 2). Conversely, when the net spread is high, as it is
in the northern, deeper, blocks, the selectivity is relatively low and similar to that observed with the
side-by-side experiment that was conducted near this area (Fig. 2).

Because of its strong spatial variation, trawl selectivity experiments need to be conducted over a
random or at least representative sample of the survey stations (unlike either the 2009 side-by-side
experiment or the 1998 auxiliary bag experiment) and the estimate of survey selectivity needs to be
based on some spatially averaged value of trawl selectivity. An example of such a spatially averaged
value (Fig. 4) was calculated from the 2009 NMFS survey data by evaluating the trawl selectivity
model at 5 mm carapace width intervals at each station, using the measured net spread, then, for each

interval, determining the weighted average trawl selectivity where the weighting factors were the



/™ cpue by width interval and station. This approach then produces a survey selection function, whose
maximum can be correctly interpreted as an estimate of q.

That said, we believe that the survey selection function shown in Fig. 4 is too uncertain and possibly
quite biased and should not be used to directly constrain the snow crab management model. The
primary reason is that the cpue ratios are highly skewed with some approaching a value of 6 (if the
NMFS Q were actually 1.0, and the two tows sampled the same density of crabs, then maximum
values of the cpue ratios should be near 1.0). Such high variability in the cpue ratio is the result of the
large differences in the time and location of the NMFS and BSFRF sampling. For example, when a
catch ratio is calculated from auxiliary bag data, it is constrained to be no greater than 1.0 and when it
is calculated from side-by-side data, the catches are highly correlated and the catch ratio rarely
exceeds 1.0. However, when the catches from two trawls differ greatly in location or time, then the
catches have much lower correlation and, as in our case, cpue ratios can become extreme and these
extreme values have a large influence on the fitted selection model. From a purely statistical
perspective, the fit could be improved by transforming the values of the cpue (for example, using a
fourth root transformation), but this would simply be an attempt to statistically fix a problem in the
data that originated from poor experimental design.

An alternative approach was taken to deal with the skew, that is, to fit a model to the mean (over all
27 stations) catch ratio for width intervals including at least 3 individuals (this ignores the spatial
variation in trawl selectivity and rests on the assumption that the 27 NMFS stations are representative
of the entire snow crab distribution). Two variations were considered: 1) weighted by an estimate of
population abundance within each area (NMFS cpue), similar in concept to the spatially averaged
selection function shown in Fig.4, and 2) unweighted. Unlike the spatially averaged estimator, where
predicted values of selectivity were weighted, in this case the observed values of the cpue ratio were
weighted. Such weighting enhanced rather that reduced the effects of large cpue ratios, because the
NMFS cpue data was used to both calculate the cpue ratio and to provide the weight, consequently
large NMFS catches, which occurred by chance, led to a high cpue ratios coupled to high weights.
The best fitting selection curve to the unweighted mean data is shown in Fig. 5

The error associated with the mean selection curve, was estimated using bootstrapping (re-sampling
the station data with replacement). The 95% confidence intervals, based on 100 replicates, are also
- shown in the Fig.5. The confidence intervals produced using this approach are somewhat too narrow

because during the bootstrapping process any non-convergent solutions to the model fit were



discarded, thus the extreme values of selectivity were likely not generated. Error estimation using
Markov Chain Monte Carlo methodology would alleviate this shortcoming.

Assuming that Q can be used as a proxy for g, the above results could be utilized in the snow crab
management model two distinct ways. First, the mean and confidence intervals of q at, say, 140 mm
(g =0.76, 95% CI= 0.56-0.95; the true maxima occur beyond the maximum width of snow crab and
140 mm is the largest width interval in this data with sufficient sample size) could be used to
construct a Bayesian prior for q in the snow crab model. Second, sensitivity of model outputs to the
value of q could be examined by running the model with fixed values of q ranging, for example,
between the above 95% CI. In addition, we also recommend that the snow crab model also be run
with a fixed value of q set at 0.32, which is the value determined from the NMFS-BSFRF side-by-
side experiment that was provided at the September 2009 meeting of the Crab Plan Team (oral
presentation by Ken Weinberg and Scott Goodman).

Because of the inherent errors in all of the methods describe above, we believe that a more
appropriate strategy would be to conduct another selectivity experiment which has the properties: 1)
NMFS towing procedures are the same as used on the survey, 2) trawling is done over a sufficiently
broad area to capture the spatial variation in net width or other covariates, 3) trawling is done
simultaneously and in close proximity to reduce the likelihood of large cpue ratios. A selectivity study
having these attributes has been submitted by BSFRF in a research proposal to the North Pacific
Research Board with the objective of having it conducted in cooperation with the AFSC EBS bottom
trawl survey during summer 2010. Analysis would then be conducted and completed in the Fall of
2010.
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Figure 1 Snow crab trawl selectivity curve based on the 1998 auxiliary bag study. The trawl
selectivity was described with a model combining the processes of escapement under the footrope
(the ascending curve) and passage of small crab through the belly mesh due to the auxiliary bag
(descending curve). The maximum of the ascending curve, within the size range of male snow crab,
could be used as an estimate of Q.
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#  Figure 2. Location of the side-by-side trawling areas (shown with pink shading) and the 3 BSFRF
survey areas encompassing the 27 NMFS survey blocks (shown with a red line). Location of the 1998
auxiliary bag experiment sampling areas (blue circles).
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Figure 3. The cpue ratio ONMFS cpue / BSFRF cpue) by 5 mm width interval is shown with the
fitted model evaluated at the mean (over the 27 NMFS stations in the 3 BSFRF blocks), maximum
and minimum net widths. Also shown is the fitted model ignoring net width. Note, for clarity, ratios >
1.2 were omitted from this figure, however, ratios used in the modeling were quite skewed and as

large as 6.0.
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/= Figure 4. A possible estimator of survey selectivity from trawl selectivity that is spatially varying.
This estimate was produced by evaluating the trawl selectivity function, by 5 mm width increments,
at each NMFS station using the measured value of net width, then for each increment computing the
weighted average where the weighting factors were equal to the station cpue at each width increment.
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Figure 5. Plot of the mean catch ratio NMFS/BSFRF) in the 27 NMFS survey areas by 5
mm width intervals and the fit of a logistic function. Also shown are the 95% confidence
intervals on the mean selection determined using a process known as bootstrapping.

06 08 1.0
|

catch ratio

04

0.0

| I | | | T |
20 40 60 80 100 120 140

width (mm)



AGENDA C-1(c)(2)
FEBRUARY 2010

Preliminary Results of the 2009 NMFS - BSFRF Snow Crab Net Efficiency Study
(Jointly Released by NMFS Alaska Fisheries Science Center and Bering Sea Fisheries
Research Foundation)

September 4, 2009

The NMFS Alaska Fisheries Science Center Resource Assessment and Conservation
Engineering Division’s Groundfish Assessment Program, in partnership with the Bering Sea
Fisheries Research Foundation, conducted a field experiment to estimate the net efficiency (i.e.
proportion of the animals in the trawl swept area that are captured) of the NMFS standard Bering
Sea 83/112 survey trawl for snow crab Chionoecetes opilio. Similar field work by NMFS to
address opilio catchability was done previously (Somerton and Otto, 1999. Net efficiency of a
survey trawl for snow crab and Tanner crab. Fish. Bull. 97:617-625), however, the underbag
methodology used in that previous study did not work well in the muddy areas inhabited by snow
crab, so sampling could not be done randomly over the entire species distribution. Because of
concerns about the potential bias of the net efficiency estimates produced by using an underbag,
a new approach was tried at the end of the 2009 annual eastern Bering Sea bottom trawl| survey,
using a modified version of the survey trawl that initially included a tickler chain in front of the
footrope, 37 kg of additional chain (7.9 m) strung along the center of the footrope, and a fine-
mesh liner to capture all of the crabs in the trawl path. The modified trawl was not intended to
be a replacement for the standard 83/112 trawl but to provide absolute density estimates of snow
crab that could be used as the basis to compute the net efficiency of the standard trawl. Before
beginning the experiment, the modified NMFS trawl was tested in the experimental area using a
15 minute tow, but the catch rate was so high that the weight tore the netting away from the head
and foot ropes. Since the vessel carried only one additional modified trawl, the decision was

made to remove the tickler chain, and shorten the length of the tow from 15 to 5 minutes.

The 2009 field experiment was designed and conducted as a three vessel trawl comparison
consisting of: the NMFS chartered F/V Arcturus towing the standard 83/112 survey trawl, the
NMEFS chartered F/V Aldebaran towing the NMFS modified survey trawl and the BSFRF
chartered F/V American Eagle towing a trawl designed for the European nephrops fishery. The
NMFS modified trawl, with the ad hoc changes in design and fishing protocols, was used in the

24 triplicate side-by-side tows of the experiment involving the three gear types to determine



snow crab net efficiency. Exhibit 1 shows the location of the comparative tow work on Bering

Sea snow crab grounds.

The first question considered was whether the modified survey trawl and the nephrops trawl
estimated the same density of snow crab in each category. This question is important because
the most unbiased estimate of density is needed to calculate the net efficiency of the standard
83/112 survey trawl. Thus, if the nephrops trawl produced a higher density, then its CPUE
should be used as the basis for this calculation. For each of the categories, we therefore tested
the hypotheses of equality in the CPUE (thousands of crabs per unit swept area) between the
modified survey trawl and the nephrops trawl (Exhibit 2). Positive values of the test statistic
(BSFRF CPUE — NMFS CPUE) and probability levels <0.05 indicate that the BSFRF net
efficiency was higher. Crab catch data were divided into five size-sex categories, matching those
used in the NMFS Annual Crab Report to Industry, in the following analysis of the experimental
data. For all categories, the nephrops trawl caught significantly more crabs than the modified
survey trawl. Exhibits 3-4 demonstrate the size frequencies of the captured crab by sex taken by

each vessel.

The net efficiency of the standard 83/112 survey trawl was then estimated for each category
assuming that the nephrops trawl caught everything in the tow path (i.e. CPUE of the standard
83/112 trawl divided by the CPUE of the BSFRF trawl averaged over all 24 tows). These values
are substantially lower than those found in the previous snow crab net efficiency study. For the
large males, for example, the previous estimate is approximately 0.80 while the new estimate is
0.35. This indicates that the standard 83/112 survey trawl has substantial escapement under the
footrope of even the largest sizes of snow crab. Exhibits 5-9 provide tabular catch results in
numbers of crab caught per square nautical mile by vessel/gear type and net efficiency estimates
for each of the five size/sex categories. Exhibits 10-14 provide a graphic presentation of snow
crab densities from each of the 24 triplicate tows by the same five size/sex categories and Exhibit
15 provides a summary of snow crab densities derived across the 24 triplicate tows by the same
five size/sex categories. Exhibit 16 provides a summary of the NMFS standard 83/112 trawl net
efficiency by size and sex category compared to the BSFRF nephrops trawl.



The results of this study as described above will be released to the public and to the North Pacific
Fishery Management Council’s Crab Plan Team meeting on September 14, 2009. Results will
also be provided to the snow crab assessment authors for evaluation of the results on the snow

crab assessment model during the next crab assessment cycle.



Exhibit 1.

Chart showing locations of comparative tows for net efficiency experiment.
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Exhibit 2. One-sample t-Test statistics for comparison of the snow crab CPUEs obtained by
the NMFS modified trawl and the BSFRF trawl (BSFRF CPUE - NMFS CPUE).
A positive t-value and a p-value less than 0.05, indicates that the BSFRF trawl
was more efficient.

Snow crab length class (chelae width) t df p-value
Large male (>102 mm) 3.2323 23 0.0037
Medium male (78-101 mm) 5.1537 23 0.0000
Small male (<78 mm) 43412 23 0.0002
Large female (=50mm) 2.4048 23 0.0246
Small female (<50mm) 3.5874 23 0.0016




Exhibit 3. Length frequencies of male opilio crab binned into 5 mm groups.
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Exhibit 4. Length frequencies of female opilio crab binned into 5 mm groups.
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Exhibit 5. Comparison of densities for large male opilio (#crab/nm2) during 2009 opilio net
: efficiency experiment. Net efficiency is defined as the proportion captured within
the path of the trawl, which for the NMFS survey trawl for large opilio males was

0.35.

LGM @0»‘ ALD m Comp Magnitude | [ Net Efficiency
Tow|| A | B C |[B-A[C*B]C*A A+C
1 1,684 4622 9638/ 2.7 | 21| 57 0.17
3,959| 2,792| 3,724|| 0.7 | 1.3 | 09 1.06
3 1,962| 3,769 2,205(| 1.9 | 0.6 | 1.1 0.89
4 1,831] 4,291] 5,352|| 23] 12| 29 0.34
5 2,917 2,831 4,363/ 1.0] 15] 15 0.67
6 2,977| 3,985 18,707| 1.3 | 4.7 | 6.3 0.16
7 10,867] 18,596 33,245|| 1.7 | 1.8 | 31 0.33
8 904| 1,709 0]] 1.9 | NA [ NA NA
9 284 277 662|( 1.0 ) 24 | 23 0.43
10 0 278 O] [ NA | NA | NA NA
11 648 0] 1254|[ NA | NA | 19 0.52
12 0 271 589]| NA | 2.2 | NA 0.00
13 2,825| 3,946 5,731|| 14| 15 ] 2.0 0.49
14 8,506| 8,786] 19,213|| 1.0 | 22 | 2.3 0.44
15 4,796] 8,302] 20,233)| 1.7 [ 24 | 42 0.24
16 7,622|11,915) 19,878|| 1.6 | 1.7 | 2.6 0.38
17 1,749] 5969 9,839|| 34| 16 | 56 0.18
18 1,219] 1,070 3,159|| 0.9 | 3.0 | 26 0.39
19 1,614 831] 1,869|| 05| 23 | 1.2 0.86
20 298| 1,377] 1,370|| 46 | 1.0 | 46 0.22
21 0 0 O]| NA [ NA | NA NA
22 0 663 0]] NA | NA [ NA NA
23 0 0] 1,659][ NA | NA | NA 0.00
24 1,403 676] 2,282|| 05| 34 | 16 0.62

[TTL] [58.,065] 86,954] 164,973| [ 1.5 ] 1.9 | 28 ][ 035 |
[AVG] [ 2.419] 3623 6,874]

LGM = large opilio males (= 102 mm CW)

ARC = F/V Arcturus using NMFS 83/112 std survey trawl

ALD = F/V Aldebaran using modified NMFS 83/112 std survey trawl
AME = F/V American Eagle using BSFRF nephrops survey trawl



Exhibit 6. Comparison of densities for medium male opilio (#crab/nm2) during 2009 opilio net
efficiency experiment. Net efficiency is defined as the proportion captured within the
path of the trawl, which for the NMFS survey trawl for medium opilio males was
0.27.

Comp Magnitude | | Net Efficiency

C B+A | C+B| C+A A+C
1 3,367 7,541] 16,233]] 22 | 22 | 4.8 0.21
3,959] 5,816| 14,897|| 15| 26 | 3.8 0.27
3 6,130f 20,731| 20,950|{]| 34 | 1.0 | 3.4 0.29
4 5,798| 18,235| 34,253|] 31| 19| 5.9 0.17
5 8,166 21,802| 43,626|| 27 | 20 | 5.3 0.19
6 1,786] 1,860] 11,107]| 1.0 | 6.0 | 6.2 0.16
7 10,867| 18,870|] 66,491|| 1.7 | 3.5 | 6.1 0.16
8 1,808/ 2,849] 6,000{| 16 | 21 | 3.3 0.30
9 1,419] 2.489] 7,948]|| 1.8 | 3.2 | 56 0.18
10 625| 1,668| 8634| 27 | 52 | 138 0.07
11 1,619] 2,149] 10657|| 1.3 | 50 | 6.6 0.15
12 2,156 2439] 8,243|| 11| 3.4 | 3.8 0.26
13 5,337] 5637 14,327|| 11| 25| 2.7 0.37
14 2,734 7936] 15,058| 29 | 1.9 | 55 0.18
15 3,083] 5634| 12,718|| 1.8 | 23 | 41 0.24
16 6,533 7,830 7.178[| 1.2 | 0.9 | 1.1 0.91
17 4198| 9,129| 11684|| 22 | 1.3 | 2.8 0.36
18 11,278| 11,497| 23,375|| 1.0 | 20 | 2.1 0.48
19 10,005 12,181 31,152|| 1.2 [ 26 | 3.1 0.32
20 10,134] 12,117| 21242|| 1.2 | 1.8 | 2.1 0.48
21 20,877] 20,969| 42,508|| 1.0 | 2.0 | 2.0 0.49
22 11,720 17,889 25086(| 1.5 | 1.4 | 2.1 0.47
23 20,773] 32,309| 74,104|] 1.6 | 23 | 3.6 0.28
24 12,281| 66,201| 82,912|| 54 | 1.3 | 6.8 0.15

[ TTL || 166,654] 315,777[610,382| [ 1.9 [ 1.9 [ 3.7 || 0.27 |

[AVG|| 6,944] 13,157] 25,433]

MDM = medium opilio males (78-101 mm CW)

ARC = F/V Arcturus using NMFS 83/112 std survey trawl

ALD = F/V Aldebaran using modified NMFS 83/112 std survey trawl
AME = F/VV American Eagle using BSFRF nephrops survey trawl



Exhibit 7. Comparison of densities for small male opilio (#crab/nm2) during 2009 opilio net
efficiency experiment. Net efficiency is defined as the proportion captured within

the path of the trawl, which for the NMFS survey trawl for small opilio males was
0.13.

SMM Comp Magnitude | | Net Efficiency
Tow B+A |[C=B| C+A A+C
1 962| 8,270 31958 86 |[39] 332 0.03
2,969| 19,077 36,178(| 64 |19 122 0.08
3 1,226 20,312 20,399|| 166 [1.0| 166 0.06
4 1,221f 7509 20337[] 62 [27]| 187 0.06
5 2,042] 2,831 22,436 14 [79] 110 0.09
6 0] 3985 10,523 NA | 26| NA NA
7 1,863] 18,596] 36,570{( 10.0 [ 20| 19.6 0.05
8 9,946 27919] 70,365|| 28 25| 71 0.14
9 15,889| 40,107] 84,116f| 25 |21 5.3 0.19
10 9,370] 48,939] 88,802 52 118] 95 0.11
11 10,365] 39,292 99,675/| 3.8 [25]| 9.6 0.10
12 15,707] 37,131 88,321 24 |124] 56 0.18
13 5,337| 57,211 31,996| 10.7 | 06| 6.0 0.17
14 3,038 5,385 14,020 18 | 26| 46 0.22
15 1,370 9,192 8,671 67 |09] 63 0.16
16 1,089 14298 11,596|| 131 | 08| 106 0.09
17 2,099 19310] 41,202 92 [21]| 19.6 0.05
18 5,182| 19,786/ 41,064 38 |21| 79 0.13
19 3,873| 18,549 39,2521 48 |21] 101 0.10
20 5067] 12944 24668(| 26 [19]| 49 0.21
21 18,680 57,822 87,897 31 |[15] 47 0.21
22 9,376] 50,685] 112,506 54 122] 120 0.08
23 21,747| 63,996| 166,457|| 29 |26 7.7 0.13
24 8,421| 67,552 59,331 80 09| 7.0 0.14
[TTL][156,837]670,699] 1,248.341][ 43 [1.9] 8.0 | 0.13 |

[AVG| [ 6,535] 27,946]  52,014]

SMM = small opilio males (<78 mm CW)

ARC = F/V Arcturus using NMFS 83/112 std survey trawl

ALD = F/V Aldebaran using modified NMFS 83/112 std survey trawl
AME = F/V American Eagle using BSFRF nephrops survey trawl



Exhibit 8. Comparison of densities for large female opilio (#crab/nm2) during 2009 opilio
net efficiency experiment. Net efficiency is defined as the proportion captured
within the path of the trawl, which for the NMFS survey trawl for large opilio
females was 0.25.

LGF| [FARCT] ALD m Comp Magnitude _| [ Net Efficiency
Tow|[_A B C BxA |[C+B[ C+A A+C
1 2,886] 7,784] 2,536|[ 27 [03] 09 1.14
742| 1,396 4,788|| 1.9 [34] 65 0.16
3 736] _4,188] 3,308|| 57 |08 45 0.22
4 610 1,073 8,028|| 1.8 [7.5] 132 0.08
5 875] 21,802 3,116 249 [01| 36 0.28
6 595 1,860[  585|| 3.1 [03] 1.0 1.02
7 1,863| 18,870] 4,433|[ 101 [02] 24 0.42
8 || 39.481| 45,335[152,184|| 1.1 [34] 3.9 0.26
9 | [ 34.332] 44,064[162,934|| 1.3 |37 | 47 0.21
10 | [ 46.226| 35,109] 138,754 0.8 [4.0] 3.0 0.33
11 | |_36,276] 68,084| 178,035 1.9 [26] 4.9 0.20
12 | [ 23,714 30,084 93,031 1.3 [31] 3.9 0.25
13 ||_1,256] 845 1,433|[ 07 [1.7] 1.1 0.88
14 911|283 1,039|[ 03 [37] 11 0.88
15 0 _297| 1734|[ NA [58| NA NA
16 726] 681 1,104|| 09 [16] 15 0.66
17 350|702 1,845|| 2.0 [26] 53 0.19
18 ||_3,048] _ 802| 4422 03 [55] 15 0.69
19 645 1,938] 10,592|| 3.0 | 55| 164 0.06
20 |[_2.086] 6,059 ©9,593|| 2.9 | 16| 46 0.22
21 366] 953 3602|| 26 |38 938 0.10
22 670 2,650] 6.842|| 4.0 |26 10.2 0.10
23 ||_1.298] 1.864] 3.871|[ 14 |21 3.0 0.34
24 0| 1,689 6,846 NA | 41 NA 0.00

[TTL][199,695]298,412][804,654|| 15 [27] 4.0 || 0.25 |
[AVG|| 8,321 12,434| 33527|

LGF = large opilio females (= 50 mm CW)

ARC = F/V Arcturus using NMFS 83/112 std survey trawl

ALD = F/V Aldebaran using modified NMFS 83/112 std survey trawl
AME = F/V American Eagle using BSFRF nephrops survey trawl



Exhibit 9. Comparison of densities for small female opilio (#crab/nm2) during 2009 opilio net
efficiency experiment. Net efficiency is defined as the proportion captured within the
path of the trawl, which for the NMFS survey trawl for small opilio females was 0.03.

SMF]| [JARG™ ALD—m Comp Magnitude _| [ Net Efficiency
Tow A B c B+A [C+B| C-+A A+C
1 |[[4810] 13622] 56,307|[ 28 |41 11.7 0.09
2 || 2227] 55490 76,080|| 249 [14| 342 0.03
3 || 1.716] 34,800 29,220|[ 20.3 [ 0.8 17.0 0.06
4 916] 19,844 25154|| 217 | 13| 275 0.04
5 || 1.167] 10,193 75411|| 87 | 7.4| 646 0.02
6 893| 3985 9,354|| 45 |23 105 0.10
7 _|[3.105] 22425| 29,921|| 72 [13]| 96 0.10
8 || 6,329] 64,327] 102,547|| 102 [ 16| 16.2 0.06
9 |[4540] 59268] 96,038|| 131 | 1.6 212 0.05
10 || 7.184| 121,098 138,754|[ 16.9 | 11| 19.3 0.05
11 || 8,097] 97,003 160,482|| 12.0 [ 1.7 | 19.8 0.05
12 || 3,080] 58,814 87,732|| 191 [ 15| 285 0.04
13 || 1,884] 139,405] 94,079|| 74.0 [ 0.7 | 49.9 0.02
14 || 1,823 14,171 _20,251||_7.8 | 14| 1.1 0.09
15 685 190,866] 17,343|| 29.0 | 0.9| 253 0.04
16 726] _24,510] _11,596|| 33.8 | 05| 16.0 0.06
17 || 1,749 _62,847| 105,158|| 359 | 1.7 | 60.1 0.02
18 305] 16,043| 30,956|| 52.6 | 1.9 1016 0.01
19 323|  20,487| 29,283|| 635 | 1.4| 907 0.01
20 298| __14,871] _ 9,593|| 49.9 |06 322 0.03
21 366| _ 18,108] 116,716|| 49.4 | 6.4 | 318.7 0.00
22 335]  69,529] 145,194 | 207.6 | 2.1 | 4336 0.00
23 0 2,175 103,967|| NA |47.8] NA 0.00
24 0] 38,008 52,485| NA [14| NA 0.00
[TTL] [52,557] 1,000,889 1,623,619 [ 19.0 | 1.6] 309 ][ 003 |

[AVG] [ 2,190] 41,704] 67.,651]

SMF = small opilio females (< 50 mm CW)

ARC = F/V Arcturus using NMFS 83/112 std survey trawl

ALD = F/V Aldebaran using modified NMFS 83/112 std survey trawl
AME = F/V American Eagle using BSFRF nephrops survey trawl
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Exhibit 15.  Chart and table of average densities for all tows (#crab/nm2) by size and sex
category during 2009 opilio net efficiency experiment.

80,000
O (NMFS Std 83/112 Trawl) O(NMFS Mod 83/112 Trawl) B (BSFRF Nephrops Trawl)
70,000 - |
i
1
60,000 -
50,000 -
40,000 A
30,000 -
20,000 -
10,000
0 - T . T co
Large Males Medium Males Small Males Large Females Small Females
Density Averages from 24 Side by Side Tows (crab/nm?)
F/V Arcturus F/V Aldebaran F/V American Eagle
Opilio Size Sex Category (NMFS Std 83/112 Trawl) (NMFS Mod 83/112 Trawl) (BSFRF Nephrops Trawl)
Large Males (2 102 mm) 2,419 3,623 6,874
Medium Males (78-101 mm) 6,944 13,157 25,433
Small Males (< 78 mm) 6,535 27,946 52,014
Large Females (2 50 mm) 8,321 12,434 33,527
Small Females (< 50 mm) 2,190 41,704 67,651

Total Opilio (All Sizes) 26,409 98,864 185,499




Exhibit 16.  Net efficiency by size and sex category for NMFS standard trawl based on results
of 2009 opilio net efficiency experiment.

Net Efficiency

1.00 ¢
0.90 |
0.80 |
0.70 §
0.60
0.50 |
0.40 0.35
030 §

0.20 |

Large Males

Medium Males

Small Males Large Females Small Females

Density Averages from 24 Side by Side Tows (crab/nm?) Net Efficiency
F/V Arclurus F/V American Eagle F/V Arcturus :
Opilio Size Sex Category (NMFS Std 83/112 Trawl) (BSFRF Nephrops Trawl) F/V American Eagle
Large Males (2 102 mm) 2,419 6,874 0.35
Medium Males (78-101 mm) 6,944 25,433 0.27
Small Males (< 78 mm) 6,535 52,014 0.13
Large Females (2 50 mm) 8,321 33,527 0.25
Small Females (< 50 mm) 2,190 67,651 0.03




AGENDA C-1(c)(3)
FEBRUARY 2010

Bering Sea Snow Crab Assessment Model Sensitivity to Survey Selectivity
Benjamin Turnock
National Marine Fisheries Service
January 22,2010

This document presents results of various runs of the Bering Sea snow crab assessment
model under different assumptions regarding survey selectivity and natural mortality.
Projections evaluating rebuilding are also presented for some model scenarios. Model
runs presented here use different data and model weighting than the September 2009
snow crab assessment. Model runs use the “new” survey data, and likelihood weighting
of the observed coefficients of variation on survey biomass with no added weight as
recommended by the Crab Plan Team (September 2009 assessment used higher
weighting on survey biomass likelihood). The new survey data biomass estimates are on
average about 87% of the old survey data due to the actual measured net width used
(which are larger) instead of a fixed 50 ft net width.

Somerton et al. 2010 (NPFMC document) estimated a survey selectivity curve for male
snow crab using the 108 tows conducted by BSFRF in 2009 compared to the standard
NMFS survey tows in the same areas (Figure 1). The curve estimated by Somerton was a
three parameter model,

a
1+ e(-(b + ¢ * carapace width))

Selectivity =

Parameter estimates were: a=0.8418, b=-2.6466 and c = 0.0354. This curve has a
selectivity of 0.76 at 140mm and +/- 95% Confidence Interval of 0.56 to 0.95. Somerton
et al. 2010, did not present analyses for female snow crab survey selectivity, although
preliminary analyses indicate selectivity would be estimated higher than for males of the
same size.

The maximum length bin in the snow crab model is 130-135mm cumulative length bin.
Survey selectivity by length (same as carapace width) is estimated in the snow crab
model as a 3 parameter equation, Q, size at 50% selected and size at 95% selected,

Selectivity|= 0

- 111(19)(1—150% )
(o505 75004)

l1+e

In model runs presented, Q was fixed at a range of values from 0.55 to 0.95 to evaluate
model fit. These values correspond to the 95% confidence interval around the best
estimate of maximum selectivity from Somerton et al. 2010 of 0.76 (95% C.I., 0.56, 0.95)
(Figure 1). While the Q was fixed, the size at 50% and size at 95% parameters were



estimated in the model for the three time periods 1978-1981, 1982-1988, and 1989 to
2009. Survey selectivity was fixed to be the same for males and females. Values lower
and higher than the 95% C.I. were run to compare the likelihood values of Q=0.32
estimated from the side by side experiment(BSFRF report) and to determine where the
best fitting model occurred (Table 1 and Figure 2). The best fit (lowest likelihood)
occurs at about Q=1.2. As Q declines the model fit degrades substantially. The
difference in likelihood at Q = 0.76 is 130 more than at the best fitting Q=1.2. Q=0.85
is would be approximately equivalent to the September 2009 assessment using the old
survey data and Q=1.0 based on the average difference in net widths alone.

Another approach to fitting survey selectivity is to use a prior distribution on Q with
mean equal to the Somerton et al. 2010 estimate of 0.76 and the estimated standard
deviation of 0.1 assuming a normal distribution (95% C.I. 0.56 to 0.95). The model
estimated Q = 1.09 with this prior, slightly less than where the best fit is using fixed Q.

When the complete survey selectivity curve was fixed at the Somerton et al. 2010 curve
for both males and females, the fit was considerably worse (5108 total likelihood) than at
any of the runs with fixed Q only (Table 1). The assessment model estimate of survey
selectivity for the 1989 to 2009 period that gives the best fit to the data is flat down to
about 40 mm compared to the Somerton et al. 2010 curve which declines as size
decreases (Figure 1).

The fit to the male and female survey biomass improves as fixed Q increases to 1.2
(Figures 3 and 4). The new survey data and changes to weighting factors used in the
model runs presented here result in a fit to female biomass that is lower than the observed
biomass relative to the September 2009 assessment. The fit to the female survey biomass
time series improves as Q increases. The fit to female survey biomass is very poor when
the Somerton et al. 2010 selectivity is used in the model (Figure 4). Applying the
Somerton et al. 2010 selectivity curve results in a lower capture probability for mature
female crab than mature male crab due to their smaller size. Mature female snow crab
are generally in the size range of 45-65Smm. If selectivity is lower for animals in this size
range, we would expect to see lower overall numbers of females in the survey data than
males if recruitment and natural mortality are similar. The average abundance over the
1978 to 2009 time period shows the ratio of female to male crab is approximately 1.27 to
1 (Figure 5). The average abundance by length for male snow crab is highest in the 40 to
65 mm range. This size range is also the highest abundance by length for of female snow
crab due to their terminal molt at maturity. While a lower abundance of males would be
expected due to added fishing mortality, this difference is an average of about 600
million crab (female mean abundance = 2,807 million, mean male abundance=2,219
million), more than can be accounted for by the directed male fishery. If male and female
abundance were equal in the survey data, this would imply a similar selectivity for
mature females (45-65mm) as for males (45-135mm). The declining survey selectivity
curve estimated by Somerton et al. 2010 results in much lower selectivity for female crab
than male crab due to size differences that if true, implies that the expected female:male
sex ratio in the population would need to be much higher than observed in the survey
data.



Somerton et al. 2010 also discusses issues that may result in spatial differences in
catchability of the standard survey net, due to bottom type and depth. In many years in
the survey data, a few large catches of female snow crab account for a large percentage of
the survey abundance estimate. For illustration, in the 2004 survey the highest 3 tows in
the survey accounted for about 40% of the abundance of females > 50mm. If females
tend to aggregate more than males, and the probability of capture is higher when females
are aggregated, then this may account for the flat survey selectivity estimated in the
model that gives the best fit to the data. This could be explored further by examining the
distribution of tows with high abundance using the 1978 to 2009 time series.

Estimating Natural Mortality

The snow crab assessment current has immature male and female M = 0.23, mature
female M = 0.29 and mature male M=0.23. The higher M for mature females is a
recommendation by the workshop on OFL revisions (2006) and the crab plan team.
Survey selectivity was fixed at the Somerton et al. 2010 curve for both males and females
and natural mortality estimated. One model scenario estimated one M for males and one
M for females. Estimating M improved the total likelihood from 5108 to 4218 (Table 2).
The natural mortality estimated for females was 0.28 and for males 0.45 (Table 2). The
value of M=0.45 is not plausible for males given the current information on longevity
from tagging data of Canadian snow crab. If male natural mortality is fixed at 0.23,
female M is estimated lower at 0.16 (total likelihood = 4661).

Estimating Survey Selectivity Separately for Males and Females

Difference in survey selectivity may result from different behavior of male and female
snow crab, or differences in spatial distribution of males and females and selectivity of
the survey net due to bottom type or depth. Separate survey selectivity curves were fit
for females and males for all three time periods in the model. This adds 9 additional
parameters to the model. Natural mortality was fixed at mature female M =0.29, mature
male = 0.23 and immature crab M=0.23. The results vary by time period (Figures 6 and
7). The earliest time period has the maximum selectivity bounded by 1.2, as selectivity
was not estimated well and went to much higher values. Female selectivity was estimated
lower than males at sizes less than 60 mm. The 1981 to 1988 period female selectivity
was estimated to be slightly less than males with a maximum of about 1.05 for males and
0.95 for females. The later period from 1989 to 2009 female selectivity was estimated
higher than males (Figure 7 has the 1989 to 2009 selectivities only for ease of viewing)
(maximum about 1.27 compared to male maximum of 1.0). The selectivity remains near
the maximum for both males and females until about 50 mm where it begins to decline.
Increasing the survey selectivity of females relative to males improves the female fit to
the survey biomass. The higher survey selectivity for females in the 1989-2009 period
results in an improved fit to the male and female survey biomass (Figures 8 and 9).
Model runs with female Q higher than male Q and natural mortality = 0.23 for all crab
result in better fits to the female survey biomass than with survey selectivity equal for



males and females. Figures 8 and 9 include runs were female Q was fixed to be 1.0 and
1.1 with male Q fixed at 0.85 and natural mortality fixed to be the same for all crab at
0.23..

Rebuilding Projections

Projections for fixed Q values of 0.85, 0.75 and 0.65 were run to evaluate the sensitivity
of reference points and rebuilding times to Q (Tables 3, 4 and 5, and Figures 10 and 11).
The survey Q was fixed the same for all three time periods in the model and both sexes
with the size at 50% and at 95% estimated by the model. B35% increases from 298
million lbs at Q=0.85, to 310 million Ibs at Q=0.75 and to 327 million lbs at Q=0.65.
F35% declines as Q declines, from 0.8 at Q=0.85, to 0.78 at Q=0.75, and to 0.75 at
Q=0.65. In all three scenarios, the stock would not have rebuilt to B35% within the 10
year time frame. The mean biomass using the new survey data declines from 2009/10 to
2012/13 and then increases thereafter. The time to rebuild (two consecutive years above
B35% with > 50% probability) is 2017/18 for Q=0.85, 2016/17 for Q=0.75 and 2015/16
at Q=0.65. While MMB was projected to be above B35% in 2009/10 with Q=0.65,
MMB declined over the next few years.

Literature Cited
Somerton, D., K. Wenberg and S. Goodman. 2010. Review of the research to estimate
snow crab selectivity by the NMFS trawl survey. Report to NPFMC January 2010.



Table 1. Total likelihood, survey length frequency likelihood and survey biomass
likelihood for a range of fixed maximum survey selectivity (Q). Male and female survey
selectivity set equal and selectivity at 50% and selectivity at 95% parameters estimated
by the model. Some likelihood components not shown may be negative, so that the sum
of survey length likelihood and survey biomass likelihood may be greater than the total
likelihood. Somerton et al. 2010 run is with survey selectivity fixed for both males and
females at the logistic curve estimated in the Somerton et al. 2010 using the 108
additional tows conducted by BSFRF.

Q fixed Total Likelihood Survey Length Survey biomass

0.32 4679.18 4217.81 520.075

0.55 4245.50 4083.99 336.708

0.65 4130.45 4051.91 280.521

0.75 4046.38 4026.95 236.346

0.85 3987.72 4007.53 204.147

0.95 3949.25 3992.78 182.557

1.1 3920.70 3977.46 166.719

1.2 3916.78 3970.70 165.273

1.3 3922.39 3966.05 169.887

1.4 3935.85 3963.09 179.711
Q=1.09 estimated in
model with prior
mean = 0.76,

s.d. =0.1 3917.32 3973.63 163.096
Somerton Selectivity

fixed 5108.15 4556.89 710.472

Table 2. Model runs with survey selectivity fixed at the Somerton et al. 2010 estimated
curve and with natural mortality fixed and estimated.

Total Male M Female M
Likelihood
Somerton 5108.15 Fixed 0.23 Fixed 0.29
selectivity fixed
Somerton 4218.87 | Estimated 0.45 | Estimated 0.28
selectivity fixed
Somerton 4661.85 Fixed 0.23 | Estimated 0.16
selectivity fixed




Table 3. Rebuilding projections at 75% F35% for Q=0.85. B35% =298.3, F35% = 0.80.
Prob. 2 yr. > B35% is the probability of rebuilding to two years in a row above B35%.

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Total
catch

53.7
53.0
42.4
373
51.5
74.8
89.9
96.1
98.7
103.5

Lower
95% C.I.
total
catch

534
21.3
19.5
18.1
254
32.5
31.3
28.3
25.0
234

Retained
catch
Upper
95% C.I. Maximum
total F (full
catch selection)
54.1 48.0 0.45
86.7 47.7 0.45
75.2 38.0 0.41
65.8 324 0.39
89.1 44.3 0.46
142.1 65.4 0.52
193.4 79.6 0.54
222.6 85.3 0.54
236.8 87.4 0.53
241.4 91.6 0.54

Mature
male
biomass
at mating
time
240.5
226.0
208.2
205.0
237.0
283.7
317.3
335.4
3494
363.4

Male
Bicmass
(>101mm)
at
beginning
of Fishery
163.4
1565.4
1354
118.8
142.5
189.5
2225
235.3
2416
250.6

Total

mawre  Drob

biomass B35%
398.2 0.083
384.0 0.083
374.1 0.083
387.1 0.083
447.8 0.117
527.1 0.351
586.3 0.504
621.5 0.58
646.3 0.651
669.2 0.712

Table 4. Rebuilding projections at 75% F35% for Q=0.75. B35% = 310.4 million lbs,
F35% = 0.78. Prob. 2 yr. > B35% is the probability of rebuilding to two years in a row

above B35%.
Total
catch
2009 53.8
2010 67.0
2011 50.8
2012 43.4
2013 58.7
2014 83.5
2015 99.5
2016 106.0
2017 108.3
2018 112.8

Lower
95% C.I.
total
catch

53.5
28.3
23.7
21.5
29.3
37.3
35.1
31.8
2717
26.0

Retained
catch
Upper
95% C.I. Maximum
total F (full
catch selection)
54.2 48.0 037
112.7 60.4 0.48
89.1 455 0.43
75.8 375 0.41
98.2 50.1 047
155.5 72.6 0.52
212.9 87.7 0.54
243.9 93.6 0.54
258.5 95.5 0.53
260.7 99.5 0.54

Mature
male
biomass
at mating
time

285.4
251.7
232.0
225.7
259.7
-311.3
348.7
368.3
382.6
386.0

Male
Biomass
(>101mm)
at
beginning
of Fishery
193.6
185.6
154.6
132.5
167.0
208.2
245.0
259.0
265.3
274.0

Total

matre  Drob

biomass B35%
399.8 0.289
387.2 0.289
369.2 0.289
378.2 0.289
435.8 0.324
512.2 0.53
569.2 0.653
601.7 0.709
623.0 0.768
6414  0.805

prob 2yr
>B35%

0
0.017
0.017
0.017
0.017
0.058
0.311
0.452

0.53
0.603

prob 2yr
>B35%

0
0.088
0.088
0.088

0.09
0.158
0.428
0.555
0.619
0.689
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Table 5. Rebuilding projections at 75% F35% for Q=0.65. B35% = 327.3 million Ibs,
F35% =0.75. Prob. 2 yr. > B35% is the probability of rebuilding to two years in a row

above B35%. MMB is above B35% in 2009/10, however, declines until 2012, so the
probability of being above B35% two years in a row is still below 0.5 until 2015/16.

Retained Male
catch Mature Biomass
Lower Upper male (>101mm) Total
95%C.l. 95%C.. Maximum biomass at survey
Total total total F (full atmating beginning mature  Prob
catch catch catch selection) time of Fishery biomass B35%
2009 54.0 53.6 54.4 48.0 0.29 3474 235.6 404.2 0.614
2010 86.0 38.4 134.8 776 0.51 301.3 2274 393.1 0.614
2011 62.6 294 106.4 56.0 0.45 264.5 181.4 366.3 0.614
2012 51.8 25.7 89.2 44 .6 0.42 253.9 1514 370.8 0.614
2013 68.3 346 110.7 §7.9 048 290.4 176.8 4248 0.64
2014 94.8 43.9 173.9 81.9 0.52 348.2 2335 497.6 0.762
2015 111.7 40.1 237.2 97.9 0.53 390.2 274.7 551.4 0.834
2016 118.4 36.3 270.7 104.1 0.53 411.0 290.0 580.4 0.87
2017 120.1 31.2 286.9 105.5 0.52 4249 295.8 597.2 0.886
2018 124.0 291 285.6 108.8 0.52 436.7 3034 610.3 0.905
1.2
—e— Somerton
1 4 |——2009 assessment
2
> 0.8
k5
S
& 0.6 -
>
£ 0.4 -
(/]
0.2 1
0 T T T T T T
0 20 40 60 80 100 120 140
Carapace Width (mm)

Figure 1. Survey selectivity estimated for the period 1989 to 2009 in the 2009
assessment and the survey selectivity curve estimated by Somerton et al. 2010 from the
108 tows by BSFRF and NMFS standard survey tows.

prob 2yr
>B35%

0
0.256
0.256
0.256
0.257
0.337
0.587
0.684
0.742
0.781
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Figure 2. Total likelihood values at fixed maximum survey selectivity (Q) from 0.32 to
1.4. Best fit occurs at the lowest values at about Q=1.2.
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Figure 4. Fit to female mature survey biomass for various levels of fixed Q and for
Somerton et al. 2010 selectivity curve.
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female snow crab.
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Figure 10. Mature male biomass at mating fishing at 75% F35% projected from 2009/10
to 2018/19 for three values of fixed Q: 0.85, 0.75 and 0.65.
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2018/19 for three values of fixed Q: 0.85, 0.75 and 0.65.
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AGENDA C-1(c)}(4)
FEBRUARY 2010

Progress Report on Snow crab assessment model estimation of survey Q with added 2009
Industry survey

Benjamin J. Turnock
Alaska Fisheries Science Center
February 2, 2010

An industry survey of 108 tows in 27 survey stations (10,827 sq nm) in the Bering Sea
was conducted in summer 2009(see Somerton et al 2010). Abundance estimates by
length as well as survey biomass for the study area for the industry tows as well as the
NMES tows were added to the stock assessment model as an additional survey. Survey
selectivities were estimated using logistic curves for males and females for the NMFS
standard survey in the entire Bering Sea area, the industry tows in the study area and the
NMFS tows in the study area. Likelihood equations were added to the model for fits to
the length frequency by sex for the industry tows in the study area and the NMFS tows in
the study area. A likelihood equation was also added for fit to the mature biomass by sex
in the study area for the industry tows and NMFS tows separately.

The maximum selectivity for the NMFS study area was estimated by the product of the Q
for the NMFS Bering Sea area and the Q for the Industry survey in the study area. The Q
for the industry survey in the study area was assumed to represent the fraction of crab
available in the study area relative to the entire Bering Sea. The maximum catchability of
the industry net in the study area was assumed to be 1.0. A separate Q for females was
estimated from the male Q for the NMFS survey in the entire Bering Sea and for the
NMEFS survey in the study area. The maximum survey selectivity (Q) estimated for the
entire Bering Sea area in Somerton et al. 2010 was estimated at 0.76 at 140 mm.

For male survey selectivity,

Industry survey sel = Q (availability) * logistic selectivity
NMFS survey sel in study area = Q(availability)* Q (entire Bering Sea) * logistic sel
NMES survey entire Bering sea = Q (entire Bering Sea) * logistic sel

Each logistic selectivity was estimated with two parameters.

The abundance estimated by the industry survey in the study area was 66.9 million male
crab >=100 mm compared to 36.7 millioh for the NMFS net (Table 1). The NMFS
abundance of females >=50mm (121.5 million) was greater than the industry abundance
estimate in the study area (113.6 million). The abundance of male crab in the entire
Bering sea survey for 2009 was greatest in the 30 — 60mm size range (Figure 1). The
abundance of crab in the 35 to 60mm size range for the industry net in the study area was
very low compared to the abundance of the same size range for the NMFS entire Bering
Sea survey. The differences in abundance by size for the NMFS entire Bering Sea survey
and the Industry study area are due to availability of crab in the study area as well as
capture probability. While the abundance of larger male crab for the NMFS net in the
study area is less than for the Industry, the abundance of females >45 mm is greater for
the NMFS net than the Industry. This difference may be due to towing in different places



for the two nets within the study area, or to higher catchability of females due to
aggregation behavior. The ratio of abundance of the NMFS net and Industry net in the
study area are quite different for males and females (Figure 3). The ratio of abundance
indicates a catchability for mature females (mainly 45 — 65 mm) that is greater than 1.0.

The largest tows for small crab in the entire Bering Sea area were north of the study area
near St. Matthew Island (Figures 4, 5 and 6). Some higher tows for large males
(>=100mm) and for mature females occurred in the study area as well as outside the
study areas. These distributions indicate the availability of crab throughout the Bering
Sea.

Survey selectivities were estimated for two models, one with no added weight (weight =
1) on the survey biomass fit in the study area, and another with a relatively high weight
(50) (Figures 7 and 10). The higher weight on survey biomass fit in the study area results
mainly in a better fit to the industry male mature biomass, however, poorer fit to the
entire Bering Sea survey length and biomass (Table 3, Figures 8 and 11). The estimate of
survey Q for male crab was 0.81 (compare to 0.76 estimated by Somerton et al 2010
using a logistic function) using the higher weight to fit the study area survey biomass
(Table 2). The Q was higher (1.05) for a weight of 1.0 on the study area survey biomass
fit. Female Q was estimated higher than male Q at 1.24 for the weight 1.0 model and

1.11 with the higher weight model.

Figures 9 and 12 show the fits to the length frequency of male and female crab in the
study area for the industry and NMFS tows. Fits to the entire Bering Sea survey biomass
for the weight 1.0 model are shown in Figures 13 and 14.

Table 1. Abundance estimates of females and males by size groups for the industry net in
the study area, the NMFS net in the study area, and the NMFS survey of the entire Bering
Sea. Mature abundance uses a maturity curve.

Females Males

>25mm >50mm mature >25mm mature >100
Industry 585.3 113.6 129.4 4229 200.9 66.9
Study
NMFS 150.2 121.5 120.5 119.2 76.9 36.7
Study
NMFS 1773.5 828.7 1,143.9 1,225.0 463.8 147.2
Bering Sea




Table 2. Q estimates (maximum survey selectivity) using logistic selectivity curves for
the entire Bering Sea (BS) by sex for the NMFS survey and for the Study area with the
Industry net and the NMFS net. An added weight 50 on the likelihood equation to fit the
biomass in the study area decreased the Q from 1.05 to 0.81 for the NMFS Bering Sea

survey.

Weight 50 Weight 1.0
Study area Study area
biomass biomass
Male Q 0.81 1.05
NMFS BS
Q Indust 0.36 0.37
study area
Q NMFS 0.29 0.39
Study area
Fem Q NMFS | 1.11 1.24
BS

Table 3. Likelihood values for model run with weight 1 on study area biomass fit and

weight 50.

Likelihood wgt 1 wgt 50
survey

length 3978.33 | 4013.13
survey

biomass 146.51 | 158.819
total 3867.58 | 4028.72
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Figure 1. Abundance estimates of male snow crab by 5 mm carapace width(>=25mm)
for the NMFS survey of the entire Bering Sea survey area (NMFS Bering Sea), the
industry net in the study area (108 tows) and the NMFS survey in the study area.
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Figure 2. Abundance estimates of female snow crab by 5 mm carapace width for the

NMEFS survey of the entire Bering Sea survey area (NMFS Bering Sea), the industry net
in the study area (108 tows) and the NMFS survey in the study area.
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Figure 3. Ratio of abundance in the study area from the NMFS net to the Industry net for
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Figure 8. Fit to mature biomass by sex in the Study area for the Industry net (indust F
females and Indus M males) and the NMFS net (nmfs F females and nmfs M males).
Survey biomass likelihood weight 1.0.



Industry Industry —
& obskm pred mde
03 prod fem 0.1
Py
oB = 008
¢ 02 8 /\
§ 0.06
g 0.15 Py 0.04 \ A
T £ o0 TN akaad Ty
i 7 es®® 0 Aaad Tea,
06 20 % [ © 00 120 140 0 20 40 60 80 100 120 140
Carapace wdtwm) Carapace width{mm)
NMFS NMFS
| A& obsmae I
02 im‘— 008
pred fem
08 r 0o Ay
018 . o
014 a0t /\J\
e
012 / AA A
A " .
01
/ N /
[ ak a
o 2\ N
) A, 4
002 1 ] » 0 AA‘
R 2! 000006660606 o 20 4 8 8 100 120 140
0 20 4 & 8 {0 120 140 Carapace Width {mm)
Carapace Width{mm)

Figure 9. Fits to study area length frequency for industry and NMFS tows female and
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NMES survey in the study area (Females NMFS, Males NMFS). Survey biomass
likelihood weight 50.
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Figure 11. Fit to mature biomass by sex in the Study area for the Industry net (indust F
females and Indus M males) and the NMFS net (nmfs F females and nmfs M males).
Survey biomass likelihood weight 50.
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Figure 12. Fits to study area length frequency for industry and NMFS tows female and
male crab. Weight study area biomass 50.0.
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Draft ACL crab rebuilding description of alternatives AGENDA C-1(d)(1)
FEBRUARY 2010

2 Description of Alternatives

This Chapter provides an overview of the alternatives and options under consideration in this
analysis as well as those considered but not carried forward for further analysis at this time.

2.1 Alternative 1: status quo

Alternative 1 continues the current practice of annually established OFLs for the 10 BSAI stocks
and does not establish annual catch limits below these values. All catch levels (TACs and GHLs)
for those stocks are established by the State of Alaska using the management categories outlined
in the BSAI Crab FMP. Note this alternative is considered for comparative purposes against
other alternatives in this analysis but per revised federal guidelines as specified in Chapter
1would not comply with statutory requirements.

2.2 Alternative 2: Constant buffer approach

The ACL is set equal to the total-catch acceptable biological catch (ABC). The ABC for each
stock would be set to the product of a constant pre-specified buffer less than 1 and the established
OFL. Once the buffer value is selected, the ABC would be annually established below the
annually updated OFL based upon the most recent stock assessment using this fixed buffer.

Buffer values under consideration in this alternative include the following':

Option 1: ABC = OFL (no buffer)
Option 2: ABC = 90% of OFL
Option 3: ABC = 80% of OFL
Option 4: ABC = 70% of OFL
Option §: ABC = 60% of OFL
Option 6: ABC = 50% of OFL
Option 7: ABC =40% of OFL
Option 8: ABC =30% of OFL
Option 9: ABC = 20% of OFL

Option 10: ABC = 10% of OFL

2.3 Alternative 3: Variable buffer

The ACL is set equal to the total-catch acceptable biological catch (ABC). The ABC is
established based upon a pre-specified percentile of the distribution for the OFL which accounts
for scientific uncertainty regarding the OFL. Here the probability of the ABC exceeding the OFL
(P(ABC>OFL) is equal to a specified value, P*. A range of P* values are considered and result
in stock-specific percentage buffer values which vary over time depending on the assessed extent
of scientific uncertainty. Once the P* value is selected, the ABC would be annually established
below the annually updated OFL using the buffer which corresponds to the selected P* and taking
account of the assessed extent of scientific uncertainty. The OFL is based upon the most recent
stock assessment.

! note that other buffer values may be selected within these ranges.




Draft ACL crab rebuilding description of alternatives C-3(d)

P* values under consideration in this alternative include the following’:

Option 1: P*=0.5
Option 2: P*=04
Option 3: P*=0.3
Option 4: P*=0.2
Option 5: P*=0.1

Actual ABC values corresponding to the P* options based upon calculation of the appropriate
buffer value below OFL by stock are listed in the individual chapters of impacts of the
alternatives by stock.

2.4 Rebuilding options for EBS snow crab and EBS Tanner
crab stocks (apply to both alternatives)

These options apply to EBS snow crab and EBS Tanner crab stocks only. One of the options for
each stock must be selected in order to rebuild the stock. This will be in addition to the ACL
alternative that is selected for the stock. Rebuilding options may be more constraining than the
ABC control rule for these stocks. The harvest strategy necessary to rebuild the stock under each
option below will inform the maximum ACL for each of these stocks. Once each stock is rebuilt
these measures will no longer be necessary and the ABC control rule will apply for each stock.

2.4.1 Snow Crab

The options below represent different target years for rebulldlng the snow crab stock to the proxy
for Bysy with a pre-specified probability (values for nge,) Sub-options (applicable to each
option) establish probabilities for rebulldmg by Tuarge (either fixed probabllmes or increasing
probabilities by year until Tiarger). The maximum permissible year for rebuilding* (denoted Teyq) is
set at 8 years (based on preliminary information included in Table 1, note that the actual end date
for Teq Will be set based on the best available information in the analysis of the rebuilding
alternatives) in order to increase the probability of rebuilding (from interim Ty Option 4
established as the number of years to achieve greater than 50% probability of rebuilding over the
time frame) to greater than 70% over the rebuilding time frame if the total catch fishing mortality
in each year was set to the maximum permissible level of 75% of For".

Option 1: Set Ty based on minimum number of years necessary to rebuild under the current
best assessment of the snow crab stock if all sources of fishing-related mortality are set to zero®.

2 note that other P* values may be selected within these ranges.

3 No less than 50%.

4 The maximum permissible year is denoted T.q rather than T, because Ty (10 years or Ty, plus one
generation time) appears in the NS1 Guidelines and clearly pertains to a new rebuilding plan. This is a
revised rebuilding plan so although there is needs to be a maximum rebuilding time, the rules which
define T do not apply (i.e. the revised plan cannot allow a further ten years for rebuilding).

3 The year corresponding to this level of fishing mortality will be calculated by projecting the current best
assessment of the snow crab stock ahead under the average fishing mortality for the groundfish fishery
and the maximum permissible level of fishing mortality for the directed crab fishery.

§ Recovery by the minimum Tharger could occur with low levels of catch although this would decrease the
probability of rebuilding by T,y See attached table for probability of rebuilding under low levels of
catch (equivalent to incidental catch in other fisheries)







