AGENDA C-2
JUNE 2010
MEMORANDUM
TO: Council, SSC and AP Members
FROM: ChrisOliver ¥ SR ESTIMATED TIME
. . 4 HOURS
Executive Director

DATE: June 2, 2010

SUBJECT: BSAI Crab ACLs and Snow Crab Rebuilding Plan

ACTION REQUIRED

(a) Initial review of BSAI Crab Annual Catch Limit analysis and BSAI snow crab rebuilding plan.
(b) Approve Crab SAFE/OFLs as necessary.:

(c) Review PSC discussion paper.

BACKGROUND

(a).Initial review of BSAI Crab Annual Catch Limit analysis and BSAI snow crab rebuilding plan.

At this meeting, the Council will take initial review of an analysis of amendments to address BSAI Crab ACLs
and the snow crab rebuilding plan. The executive summary of the ACL and snow crab rebuilding analysis is
attached as Item C-2(a)(1). The full analysis was mailed to you on May 18", Several additional documents
are included here that either revise sections of the draft or provide additional information and sections that were
not yet included in the initial review draft. This environmental assessment evaluates two actions to amend the
BSAI Crab FMP? :

Action 1: to amend the FMP to specify the method by which the Council will establish annual catch
limits (ACLs) to meet the requirements of the revised Magnuson-Stevens Act. These ACLs are to be
established based upon an acceptable biological catch (ABC) control rule which will be set forth in the
FMP and will account for the uncertainty in the overfishing limit (OFL) point estimate. Two
alternative means of establishing the ABC control rule are considered: 1) a constant buffer approach
where the ABC for each stock would be set by application of a constant pre-specified buffer value
below the OFL; and 2) a variable buffer approach where the ABC would be established based upon a
pre-specified percentile of the distribution for the OFL which accounts for scientific uncertainty
regarding the OFL. A range of constant buffers and probabilities are considered under each alternative
approach.

Action 2: to prepare and implement an amended plan to rebuild the snow crab stock in compliance
with section 304(e)(3) of the Magnuson-Stevens Act. A range of alternative time frames are
considered for rebuilding the stock.

The Council reviewed a preliminary draft of this analysis in April. The Council’s April motion is attached as

- Item C-2(a)(2). The Council requested that staff also provide clarification at this meeting on the differential
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treatment of uncertainty in the ABC control rule under the groundfish tier system compared with the proposed a
treatment of uncertainty in the ABC control rule under the crab tier system. A description of these differences
is attached as Item C-2(a)(3) and staff will provide further clarification in presentation at this meeting. The
Board of Fisheries (BOF) received a report from Council staff on March 16" regarding the ACL analysis for
BSAI crab stocks and rebuilding plans. A letter from the BOF to the Council is attached as Item C-2(a)(4).

A supplemental document is attached as Item C-2(a)(5) which provides tables of revised rebuilding
trajectories for the snow crab rebuilding plan. These tables replace those included in the initial review draft.
Two different model scenarios are included here, Model | (base model) and Model 5 (CPT preferred model
choice). At the May Crab Plan Team meeting the CPT recommended Model 5 for the 2010/11 stock
assessment cycle (see agenda item C-2(b) for stock assessment discussion and CPT report under Item C-
2(b)(1)). The SSC will recommend the final snow crab model choice at this meeting. Rebuilding scenarios in
the rebuilding analysis will use the recommended model. Tables in the attached document show scenarios
using both Model 1 and Model 5.

A modified version of Table 3 from that document is shown below to indicate where these results (using the
results from Model 5 for example purposes) relate to the Council suite of rebuilding alternatives for the snow
crab stock. Here the probability of rebuilding is projected under the assumption that the definition of ‘rebuilt’
is the second consecutive year above Bysy (note additional tables in the document indicate the Trarger dates
and probability of rebuilding under a 1-year rebuilt definition option). In bold are the alternatives as selected
by the Council with a default 50% probability of rebuilding based upon the projections. Options as described
below are applied to each alternative to increase the probability of rebuilding by the selected Tyarger date.

Alternative Probability of TTARGET Probability Buffer N
(and option) rebuilding year-ending rebuilding
date from
projections
Alternative 1 50% 2015/16 0.572 25%
Alternative 2
_(Tvi) 50% 2014/15 0.943 100%
Alternative 3 50% 2014/15 0.500 66%
Alternative  3-
Option 2 75% 2014/15 0.757 86%
Alternative  3-
Option 3 90% 2014/15 0.91 97%
Alternative 4
(Tenp ) 50% 2015/16 0.572 25%
Alternative 4-
Option 2 75% 2015/16 0.758 59%
Alternative  4-
Option 3 90% 2015/16 0.905 79%
Option 1 79% 2019/20 0.792 25%

Alternatives 1-4 are specifically designed to have year-ending dates corresponding to a 50% probability of
rebuilding under scenarios of the current rebuilding harvest constraint of 75% Fisy, (Alternative 1 and
Alternative 4), no directed fishing (Alternative 2), and some directed fishing (Alternative 3). Options 1-3 are
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intended to allow for increased probability of rebuilding the stock by target year-ending dates. There are two
means by which the probability of rebuilding may be increased, either by directed fishery harvest constraints
above that which achieves a 50% probability of rebuilding (option 2 at 75% and option 3 at 90%) or by
extending the time frame for rebuilding to achieve a higher probability of rebuilding as initially projected
(option 1 at 70%). For option 1 the initial projection as shown above achieves a higher probability of
rebuilding by extending the projected time frame to 8 years or given an implementation date of 2011/12
2019/20. Here the harvest constraint (25% buffer) is the same under Option | as that under Alternative 4 (or
Alternative 1) in year one of the rebuilding plan. Under each alternative, it is explicit that the F rates will be
adjusted annually to maintain the schedule of rebuilding by achieving either the mature male biomass that is
projected by year for the alternative or the specific probability of rebuilding listed for the alternative. Thus the
potential harvest constraint to meet a 79% probability of rebuilding by 201 9/20 under Option 1 is potentially
greater in future years than that under Alternative 4. However, if rebuilding were on track with the specified
probability under Alternative 4 until the final year of the rebuilding plan before falling below the trajectory to
meet the rebuilt definition, Option 1 would allow for additional time to continue correcting the F rate to meet
the initial rebuilding trajectory without the need for a subsequent rebuilding plan.

Economic analysis of rebuilding scenarios for snow crab are attached as Item C-2(a)(6). This document also
includes supplemental tables and analysis for inclusion in the ACL analysis under Action 1 for snow crab.
Economic analysis of Tanner crab ACLs is attached as Item C-2(a)(7).

(b) Approve Crab SAFE report/OFLs for some stocks.

The Crab Plan Team met in Girdwood, AK from May 10-14, 2010 to review draft BSAI Crab stock
assessments and provide recommendations for the model parameterizations and tier establishments for BSAI
Crab stocks as well as OFL recommendations for 4 of the 10 stocks. There are 10 crab stocks in the BSAI
Crab FMP and all 10 must have annually established OFLs. Six of the ten stocks will have OFLs established
following the summer survey information availability. Two of the ten stocks (Norton Sound red king crab and
Al golden king crab) have OFL recommendations put forward at this time in order to have approved OFLs
prior to the summer fisheries for these stocks. The remaining two stocks (Adak red king crab and Pribilof
Islands golden king crab) have OFLs recommended based on Tier 5 formulation (average catch) and OFLs are
recommended in the spring. Much of the CPT’s stock assessment and OFL recommendations are contained
within the Crab SAFE Introduction while some additional recommendations and discussions are included in
the CPT Report. The Crab Plan Team Report is attached as Item C-2(b)(1) while the Crab SAFE report
introduction was mailed to you previously and is attached as Item C-2(b)(2).

Supplemental figures for the snow crab assessment for Model 5 are attached as Item C-2(b)(3). Additional
discussion of Model 1 (base model) versus Model 5 (CPT recommendation) is contained in the CPT report
under Item C-2(b)(1). The SSC will make the final selection of model choice at this meeting. Asnoted under
C-2(a) the model employed in the 2010/11 assessment cycle will also be used for the revised ACL analysis
over the summer.

(c) Review PSC discussion paper

A discussion paper on crab bycatch in the BSAI groundfish and scallop fisheries was mailed to you on May
24™ The Council reviewed a previous iteration of this paper in October 2009 and made several requests for
additional information at that time. This discussion paper responds to two specific motions by the Council in
April 2010 (Appendix A of the paper) and October 2009 (Appendix B of the paper) as well as to several
requests by the Crab Plan Team at their recent meetings. These requests have all been incorporated into the
paper at this time. Appendix F (size and sex composition of groundfish bycatch by stock) of the paper was not
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available at the time of the mailing and is attached as Item C-2(c).

As noted in the paper, following approval of Amendment 24 to the BSAI Crab FMP, all crab stocks now have
annually-specified overfishing limits (OFLs). For all stocks for which information is available, these OFLs are
intended to cover total removals from the stock, including bycatch in groundfish and scallop fisheries. As
discussed under agenda item C-2(a), additional requirements for catch removals for crab stocks will be
necessary to comply with Annual Catch Limits (ACLs). The Crab Plan Team discussed relative bycatch
management measures in groundfish and scallop fisheries at the May 2020 meeting and their minutes are
attached under agenda item C-2(b) above. The Team continues to recommend that the Council consider
measures to restrict bycatch in groundfish fisheries. The Team reiterated its request and discussed specific
bycatch concerns related to individual in conjunction with ACLs and Accountability Measures (AMs) at the
March and May 2010 meetings. This paper intends to provide the Council with the information necessary to
determine whether or not to initiate an analysis at this meeting to restrict bycatch of crab stocks in groundfish
and scallop fisheries in order to prevent exceeding an annually specified ACL or OFL by crab stock due to
catch outside of the directed crab fisheries.



AGENDA C-2(a)(1)
JUNE 2010

Initial Review Draft

ENVIRONMENTAL ASSESSMENT
for proposed amendments 38 and 39

TO THE FISHERY MANAGEMENT PLAN FOR THE BERING SEA AND ALEUTIAN ISLANDS
KING AND TANNER CRABS

to comply with Annual Catch Limit requirements (amendment 38) and to revise the
rebuilding plan for EBS snow crab (amendment 39)

Abstract: This environmental assessment analyses two actions to amend the BSAI Crab FMP. Action 1:
to amend the FMP to specify the method by which the Council will establish annual catch limits (ACLs)
to meet the requirements of the revised Magnuson-Stevens Act. These ACLs are to be established based
upon an acceptable biological catch (ABC) control rule which will be set forth in the FMP and will
account for the uncertainty in the overfishing limit (OFL) point estimate. Two alternative means of
establishing the ABC control rule are considered: 1) a constant buffer approach where the ABC for each
stock would be set by application of a constant pre-specified buffer value below the OFL; and 2) a
variable buffer approach where the ABC would be established based upon a pre-specified percentile of
the distribution for the OFL which accounts for scientific uncertainty regarding the OFL. A range of
constant buffers and probabilities are considered under each alternative approach. Action 2: to prepare
and implement an amended plan to rebuild the snow crab stock in compliance with section 304(e)(3) of
the Magnuson-Stevens Act. A range of alternative time frames are considered for rebuilding the stock.
The impacts of the alternatives considered under both actions upon crab resources, fishery participants,
habitat, marine mammals, and other groundfish resources are discussed in the analysis.

For further information contact:

Diana Stram

North Pacific Fishery Management Council
605 West 4™ Ave, Anchorage, AK 99501
(907) 271-2809

May 2010
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EXECUTIVE SUMMARY

The king and Tanner crab fisheries in the Exclusive Economic Zone (EEZ) (3 to 200 miles offshore) of
the Bering Sea and Aleutian Islands off Alaska are managed under the Fishery Management Plan for
Bering Sea/Aleutian Islands King and Tanner Crabs (FMP). The FMP establishes a State/Federal
cooperative management regime that defers crab fisheries management to the State of Alaska (State) with
Federal oversight. State regulations are subject to the provisions of the FMP, including its goals and
objectives, the Magnuson-Stevens Act, and other applicable Federal laws.

There are two proposed actions contained in this analysis:

Action 1-Annual Catch Levels for BSAI Crab Stocks: The first proposed action is to establish annual
catch levels (ACLs) to meet the requirements of the revised Magnuson Stevens Act. The Magnuson-
Stevens Fishery Conservation and Management Reauthorization Act of 2006 (MSRA, Public Law 109-
479) includes provisions intended to prevent overfishing by requiring that FMPs establish a mechanism
for specifying annual catch levels (ACLs) in the plan (including a multiyear plan), implementing
regulations, or annual specifications, at a level such that overfishing does not occur in the fishery,
including measures to ensure accountability (accountability measures or AMs). All crab fisheries must
have ACL and AM mechanisms by the 2011/2012 crab fishing year. The MSRA includes a requirement
for the SSC to recommend acceptable biological catch (ABC) levels to the Council, and provides that
ACLs may not exceed the fishing levels recommended by the Science and Statistical Committee (SSC).

These ACLs are to be established based upon ABC control rules which account for the uncertainty in the
overfishing limit (OFL) point estimate. To meet the ACL requirements, the ABCs for each stock will be
established under the FMP such that ACL = ABC and the total allowable catches (TAC) and guideline
harvest levels (GHLs) must be established sufficiently below the ABC so as not to exceed the ACL.
Determinations of TACs and GHLs are Category 2 management measures and are deferred to the State
following the criteria in the FMP. ABCs must be annually recommended by the NPFMC SSC.

Action 2 - Rebuilding Plan for Snow Crab Stock: The second proposed action is a revised rebuilding plan
for the eastern Bering Sea (EBS) snow crab stock. The EBS snow crab stock will not rebuild by the end
of the rebuilding time frame of 2009/2010, thus a revised rebuilding plan must be developed for this
stock.

Both of these proposed actions must be implemented prior to the start of the 2011/12 crab fishing year.
These actions are considered together in this analysis as the implementation timing is identical and the
actions themselves are related in the interplay between rebuilding plan catch constraints and ACL catch
constraints for the EBS snow crab stock. For the remaining nine BSAI crab stocks for which rebuilding
provisions are not considered in this analysis, only Action | (establishment of ACLs) applies.
Additionally, Pribilof Islands blue king crab remains overfished. The current rebuilding plan has not
achieved adequate progress to rebuild the stock by 2014. The Council is preparing an amended Pribilof
Islands blue king crab rebuilding plan. This rebuilding plan will be analysed in a separate document
because the primary rebuilding alternatives address bycatch in groundfish fisheries.

These two proposed actions are scheduled for initial review at the June 2010 Council meeting. Final
action by the Council is scheduled for October 2010.
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Review of actions under consideration and overview of impacts
Action 1: Annual Catch Levels for BSAI Crab Stocks

The proposed action is to amend the FMP to specify the method by which the Council will establish
annual catch limits (ACLs) to meet the requirements of the revised Magnuson-Stevens Act. These ACLs
are to be established based upon an acceptable biological catch (ABC) control rule which will be set forth
in the FMP and will account for the uncertainty in the overfishing limit (OFL) point estimate. To meet the
ACL requirements, ABCs will be annually established under the ABC control rule and ACLs will be set
such that ACL is set equal to the ABC.

Three alternatives are considered under Action 1, with multiple options under Altemative 2 and
Alternative 3:

Alternative 1-Status Quo: Alternative 1 would continue the current practice of annually established OFLs
for the 10 BSAI crab stocks and would not establish annual catch limits below these values. All catch
levels (TACs and GHLs) for these stocks are established by the State of Alaska using the management
categories outlined in the FMP. Note this alternative is considered for comparative purposes against
other alternatives in this analysis but per revised federal guidelines would not meet all applicable legal
requirements.

Alternative 2 and Alternative 3-Establish ACL equal to ABC: Alternative 2 and Alternative 3 address
how the ABC control rule will be specified, the process by which the SSC will recommend the ABC to
the Council annually, and the accountability measures that are enacted if the ACLs are annually exceeded.
Two approaches are considered for the specification of the ABC control rule, a constant buffer approach
and a variable buffer approach.

Alternative 2- Constant Buffer: The ACL would be 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 set below the
annual OFL based on the most recent stock assessment using the 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 5: 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

Alternative 3- Variable Buffer: The ACL would be set equal to the total-catch acceptable biological catch
(ABC). The ABC would be established based upon a pre-specified percentile of the distribution for the

' Note that other buffer values may be selected within these ranges.
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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*2 (‘P star’).

A range of P* values are considered and result in stock-specific percentage buffer values that 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 annual OFL using the buffer which corresponds to the selected
P* and taking account of the annual assessed extent of scientific uncertainty. The OFL is based upon the
most recent stock assessment.

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

Option 1: P*=05
Option 2: P*=04
Option 3: P*=03
Option 4: P*=0.2
Option 5: P*=0.1

Selection of either Alternative 2 or 3 will implement a process for annual ABC specification under the
FMP. The process by which the ABC is determined differs according to which approach is selected,
constant buffer or P*. In either case the Tier system in the FMP is amended to explicitly provide for ABC
specification in addition to the current OFL-only control rules. The calculated ABC would be the ABC
recommendation for that year noting that the SSC may recommend an alternate ABC value in the annual
specification process. A schematic of the current Tier system is provided in Figure ES 1 with indication
of how the ABC will be included by Tier. The process for annually specifying the ABC under each
approach is described below.

2 Further information on the background rationale and utility of P* as a reference value for risk is contained in
Chapter 3 of this analysis. ‘
} Note that other P* values may be selected within these ranges.
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Figure ES1 Schematic of the Current OFL Tier system and proposed ABC process
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Process for ABC recommendation: In order to modify this process to allow for the SSC to recommend
the ABC on an annual basis, three options are considered:

Option 1: SSC recommends ABC levels annually at October Council meeting
: (delayed TAC-setting)
Option 2: SSC recommends ABC levels annually prior to October Council meeting
(shift timing of October Council meeting)
Option 3: SSC recommends ABC levels annually prior to October Council meeting
(convene special SSC meeting prior to TAC-setting)
Option 4: SSC recommends ABC levels annually in June

Accountability Measures: Accountability measures (AMs) must also be specified in the case that ACLs
are annually exceeded.

Summary of impacts of Action 1

The treatment of uncertainty is a critical aspect in this analysis. Two aspects to uncertainty are
considered: assessment uncertainty and additional uncertainty. Stock-specific OFL distributions are
contained in each chapter and indicate the relative uncertainty characterized within the assessment itself
due, for example, to the ability of the population dynamics model to mimic the observed length-frequency
and survey biomass data. As noted in each stock-specific chapter however, this characterization of
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uncertainty may not be sufficient to adequately capture the true uncertainty of the stock’s OFL. For this
reason, a qualitative section is included for each stock that outlines the additional sources of uncertainty
not captured in the assessment itself, but which should still be considered when assessing the true
uncertainty associated with the estimate of the OFL. The sources listed for each stock are restricted to
calculation of OFL in the short-term and do not consider issues such as changes over time in productivity
and habitat loss. Whether and how much additional uncertainty is included by stock has a substantial
impact on the size of the resulting buffer value.

Based on results of the preliminary analysis, the stocks with the most precise estimates of within-
assessment uncertainty are the following: Bristol Bay red king crab, EBS snow crab, St. Matthew blue
king crab, Al golden king crab, and Tanner crab. Of these however, the OFL for St Matthew blue king
crab in particular should be based on higher (assumed) levels of additional uncertainty, despite the low
uncertainty associated with the estimate of the OFL from the assessment itself. It is not possible to
estimate the extent of uncertainty associated the OFL for Tier 5 stocks in a manner similar to stocks in
Tiers 1-4 due to lack of reliable biomass estimates. Thus a different characterization of uncertainty was
employed for Tier 5 stocks.

Additional uncertainty (i.e., in addition to the estimated ‘within assessment’ uncertainty described above)
is included by conducting analyses for range of constants that represent different levels of additional
uncertainty, from 0.0 (no additional uncertainty), to 0.2 (low), 0.4 (medium) and 0.6 (high). For all
stocks, it is recommended that some additional uncertainty should be allowed for computing ABCs. A
value must thus be recommended for each stock. It is recommended that unless a different value is
recommended by the CPT and endorsed by the SSC, the additional uncertainty should be set to 0.2 for
Bristol Bay red king crab and EBS snow crab, to 0.4 for EBS Tanner crab, Al golden king crab and to 0.6
for St. Matthew blue king crab, Pribilof Islands blue king crab, Pribilof Islands red king crab, Norton
Sound red king crab, Pribilof Islands golden king crab and Adak red king crab. Note that the impacts of
accounting for these levels of additional uncertainty compared with only employing the buffer resulting
from the within-assessment variability can be substantial.

A summary of the analysis of alternatives is provided below to highlight the distinction between the
policy choice of a constant buffer (Alternative 2) by stock or Tier and a variable buffer (Alternative 3) by
stock or Tier. Under Alternative 3 the Council would choose an appropriate P* value for each stock (or
Tier) depending upon an understanding of the relative risk of overfishing. Once the P* decision is made,
the buffer value associated with that level of risk is calculated annually and results in a buffer level for
that particular stock taking into account the annually calculated within and additional variance of the
assessment. As information improves for each assessment, the buffer value calculated will likewise
decrease for the same P*, resulting in a gradual increase in the ABC over time. Table ES-1 provides a
summary of the buffer values calculated for a range of P*s the current fishing year using the
recommended levels of variance. The Council may not select an alternative that would lead to greater or
equal to a 50% chance of overfishing thus some P* options for some stocks (and P* = 0.5 for all stocks)
are not available to the Council as a policy decision.
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Table ES-1 Buffer values for 8 stocks for a range of P*s under Alternative 3 using the recommended
additional variance levels (ou). Shading indicates P* choices that would resultin a 50% chance

of overfishing.
' P 0.5 [ 04 | 03 | 02 | o4
Stock Buffer
Bristol Bay red king crab : 11% 17% 24%
EBS snow crab 13% 18% 16%
Tanner crab 69% 100% 100%
Pribilof Island red king crab 89% 100% 100%
St. Matthew blue king crab 11% 23% 3%
Norton Sound red king crab 40% 48% 60%
Dutch Harbor golden king crab 28% 35% 46%
Adak golden king crab 29% 37% 48%

Similar information for Alternative 2 is presented in Table ES-2. Here the policy decision is to select an
appropriate fixed buffer level by stock (or Tier), taking into account the estimated risk of overfishing
indicated in the analysis. Once the policy decision is made on the choice of a fixed buffer level (i.e., ABC
= x% OFL, where x is the buffer level selected), that buffer levels would be used annually for that stock
regardless of any modification in information contained in the stock assessment annually. The P*s
associated with a range of buffer values calculated for the current fishing year using the recommended
levels of variance are summarized in Table ES-2. Again, the Council may not select an alternative that
would lead to greater or equal to a 50% chance of overfishing thus some buffer options for some stocks
(and a 0 buffer equating to a P* = 0.5 for all stocks) are not available to the Council as a policy decision.

Table ES-2 P* values for 8 stocks for a range of buffer values under Alternative 2 using the recommended
additional variance levels (op). Shading Indicates P* choices that would result in a 60% chance

of overfishing.

Buffers 0 [ 10% | 20% | 30% | 40%

Stock
Bristol Bay red king crab
EBS snow crab
Tanner crab
Pribilof Island red king crab
St. Matthew blue king crab
Norton Sound red king crab
Dutch Harbor golden king crab
Adak golden king crab

Directed Harvest Constraint (Short-term)

Results in each chapter of this analysis (Chapters 4-12) summarize the impact of a range of ACL buffer
values on the short-term harvest, i.e. whether the ABC control rule at different buffer values would
constrain the State harvest strategy for that stock. Here the State harvest strategy is used to approximate

the TAC level in future years.

For Bristol Bay red king crab, the retained component of the catch based on the state harvest strategy
would be constrained at buffer levels below 0.9 (i.e., a 10% buffer, or ABC established at 90% of the
OFL). For Pribilof red king crab, any buffer (i.c., even at a 0% buffer or ABC established at the OFL)
would constrain the State harvest strategy (note that the State harvest strategy has not been employed for
this stock since 1993 due to concerns with the potential for bycatch of the Pribilof blue king crab stock in
a directed Pribilof Island red king crab fishery and stock fluctuations within the Pribilof Island red king
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crab stock). All directed catch remains at zero for Pribilof blue king crab stock so there is no short-term
impact of any buffer size on the directed catch component of the ABC for this stock. For St. Matthew
blue king crab, the retained catch component would be constrained at all buffer levels for the ABC. For
Norton Sound red king crab, only buffer levels below 0.5 would constrain the current harvest strategy
estimate. For Al golden king crab, only buffers below 0.1 would constrain the retained catch component
of an ABC for this stock. For Pribilof Island golden king crab, buffer values below 0.8 would constrain
the estimated GHL (based on the 2010 GHL amount). The western Aleutian Islands (WALI) red king crab
stock is currently closed at this time thus buffer values considered do not impact the directed catch for this
stock at this time.

Probability of Overfishing

More constraining buffers (or lower values for P*) decrease the probability that stocks will become
overfished in the future. This is shown quantitatively for those stocks for which biomass estimates and
projections of stock status are possible. This is highly dependant however upon individual stock status
and recruitment assumptions inherent to these models. Additional information by stock should be
considered in evaluating long-term implications of these ACL alternatives.

Action 2: Rebuilding Plan for Snow Crab stock

The purpose of this proposed action is to prepare and implement an amended plan to rebuild the snow
crab stock. Several alternatives are considered under Action 2, which are framed in terms of the time
frames necessary to rebuild the stock.

Alternative 1: No Action
This is the no action alternative. This alternative would be future management under which ever
alternative is selected under Action 1.

Alternative 2: Set target rebuilding time frame (Trua:) based on the minimum number of years necessary
to rebuild the stock.

This alternative would set Ty ager based on minimum number of years necessary to rebuild the stock,
under the current assessment of the snow crab stock, if all sources of fishing-related mortality are set to
zero.

Alternative 3 to Alternative 5: Set Trucir above the minimum number of years (between 1 above the
minimum and Tpw).

Alternative 3: 3 years to rebuild

Alternative 4: 4 years to rebuild

Alternative 5: 5 years to rebuild

Under these alternatives, the annual fishing mortality rate would be calculated so that the probability of
rebuilding by Tracer is fixed at the selected value. Note that closures in groundfish fisheries and crab
fisheries would need to occur in a given year if F=0 is necessary to achieve the agreed probability in that
year. Under the default scenario (i.e., if none of the options below is selected), Trancer Would be the year
in which the probability of rebuilding is 50%.

In addition to these alternatives, options are considered that would increase the probability of rebuilding
by the agreed Tracer. Increasing probability of rebuilding for a given Tracer is achieved through either
extending the time frame for rebuilding (option 1) or through directed fishery harvest constraints (options
2 and 3).
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Options to increase probability of rebuilding:
option 1: increase probability of rebuilding to 70% by increasing time frame to Tengto 8 years
option 2: increase probability of rebuilding to 75% by Tuarge
option 3: increase probability of rebuilding to 90% by Tiage.

Under option 1 the probability of rebuilding would be increased to 70% by extending the time frame for
Tena While retaining the maximum fishing mortality constraint of 75% of Fop_ for 3 additional years from
the Alternative 5. Under options 2 and 3, the time frame to rebuild cannot be extended to increase the
probability of rebuilding higher than under option | thus these options would require a more constraining
maximum fishing mortality rate than the 75% of For, assumed under the other alternatives and option 1.

The time frames and the relative probability of rebuilding for each alternative and option are summarized
below for the Base Model (ES-3)°. The probability of rebuilding assumes the current default definition of
rebuilt in which calculated biomass must be above the Bysy estimate for the second consecutive year
before the stock is considered ‘rebuilt’.

Table ES-3 The relative probability of rebuilding, year-end date in crab fishing year for rebuilding, and
resulting buffer value necessary to rebuild in this time frame for each alternative and

 Alternative Probability of rebuilding Trarcer z::-ending Buffer ;:::le % of

Alternative 1 (no action) 0.526 (50% probability) 2016/17 25%
Alternative 2 (Twin) 0.616 (50% probability) 2013/14 100%
Alternative 3 0.52(50% probability) 2014/15 73%
Alternative 3-Option 2 0.75 (75% probability) 2014/15 85%.
Altemative 3-Option 3 0.90 (90% probability) 2014/15 93%
Alternative 4 0.52 (50% probability) 2015/16 40%
Alternative 4-Option 2 0.755 (75% probability) 2015/16 67%
Alternative 4-Option 3 0.91 (90% probability) 2015/16 82%
Alternative 6 0.526 (50% probability) 2016/17 25%
Alternative 5-Option 2 0.755 (75% probability) 2016/17 60%
Alternative 5-Option 3 0.909 (90% probability) 2016/17 80%
Alternative 5-Option 1 (Teno ) {0,704 (70% probability) 2017/18 45%

For all options, the values for the probability of rebuilding for each year of the rebuilding period and the
associated rebuild fishing mortality rate would be calculated annually using the best assessment of the
EBS snow crab stock, as recommended by the SSC. The CPT, SSC, and Council will annually review
progress towards rebuilding and recommend annual adjustments to the fishing mortality rates on which
management decisions are based consistent with the intent of the chosen altemative and progress towards
rebuilding. If rebuilding to the proxy for Busy does not occur by Teqg, then the maximum F will be the
rebuilding F’, the F of the final year, or 75% of For., whichever is lower, until a new rebuilding plan is
developed.

4 See Chapter 4 and snow crab stock assessment (Turnock and Rugolo 2010) for more onformation on the Base

Model configuration.

3 Further consideration should be given prior to initial review as to what the rebuilding F is (possibly average F over
rebuilding time frames, or others rebuilding F?)
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Summary of impacts of Action 2

ACLSs and rebuilding strategies are considered simultaneously for EBS snow crab stock. For this stock,
the probability of rebuilding under different buffer values was estimated.

For EBS snow crab, consideration is also given to different ways to estimate the survey selectivity curve
and maximum selectivity, Q. The upper limit of the buffer examined for rebuilding was 0.75 as
prescribed by the National Standard Guidelines 1 for stocks that have failed to rebuild at the end of a
rebuilding plan. Note this is an interim measure until a revised harvest strategy under the rebuilding plan
is adopted or when the stock is rebuilt. For snow crab, the earliest year the stock would achieve a 50%
probability of rebuilding under F=0.0 is estimated to be 2013/14, while the latest year the stock would be
considered rebuilt is 2017/18 fishing at the maximum permissible F=0.75Fop(Table ES-3).

Summary of impacts on other marine resources and cumulative effects (Actions 1 and 2)

Changes in interactions with other fish species, marine mammals, and seabirds are linked to changes in
target crab fishery efforts. As described above, overall fishing effort in the crab fishery is expected to
remain the same or to decrease under Actions 1 and 2. The harvest levels for all crab species, under any
Alternative, would remain the same or would be constrained. Further, no changes to the distribution of
crab fisheries are anticipated under the proposed Actions. To the extent that crab fishing effort is
reduced, and consequently adverse interactions with incidental catch species though bycatch or
disturbance are also reduced, there could be some benefit to these species. Any effects on incidental
catch species, however, should not be significant under either Action 1 or 2 with any associated
Alternative and Option.

The effects of the two proposed Actions on marine mammals, seabirds, and their habitat are considered
insignificant and are not expected to alter the current rates of interaction beyond those already evaluated
because overall fishing effort in the crab fishery is expected to remain the same or to decrease. Spatial
and temporal concentration effects by these fisheries, vessel traffic, gear moving through the water
column, or underwater sound production which could affect marine mammal foraging behavior, would
not be affected any more than currently by the proposed Actions and Alternatives. The effects of these
Federal Actions and Alternatives on seabirds are considered insignificant and are not expected to affect
current rates of interaction. No changes in the indirect effects of fisheries on prey (forage fish) abundance
and availability, benthic habitat as utilized by seabirds, and processing of waste and offal, all of which
could affect seabirds, are expected under these Actions and Alternatives.

The cumulative effects section of this analysis describes additional past, present, or reasonably
foreseeable future actions. The reasonably foreseeable future actions are the following:

Tanner crab rebuilding plan

Pribilof Island blue king crab rebuilding plan

Revisions to the Crab Rationalization Program

Management measures to address crab bycatch in the groundfish fisheries

The Tanner crab and Pribilof Island blue king crab rebuilding plans are currently under development by
the Council and NMFS, and include alternatives that could further constrain the allowable catch in those
crab fisheries. The analyses for the rebuilding plans will follow the Council’s adoption of a preferred
alternative on ACLs and so will take into account any reductions in harvest levels attributable to the
implementation of ACLs in the discussion of impacts. The Council may also suggest revisions to the
Crab Rationalization Program after the Council’s five year review concludes in December 2010, which
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could affect the percentage of the harvest pool distributed as crew shares and could change the
distribution and amount of crab landings subject to IPQ and regional landing requirements.

The Council is also considering a discussion paper evaluating crab bycatch in the groundfish fisheries.
Currently, there are no hard quotas to cap crab bycatch in the groundfish fisheries, although area closures
with associated catch limits are utilized to reduce bycatch. Accountability Measures (AMs) are a required
provision of the MSRA in conjunction with provisions for ACL requirements. The intent of AMs are to
further protect a crab stock from overfishing by providing for a transparent response mechanism in the
event that the established ACLs are exceeded. Without further Council action, crab bycatch in the
groundfish fisheries will be accounted for by reducing harvest in the directed crab fisheries. As a future
action, however, the Council may consider alternative management measures for bycatch in the
groundfish fisheries.

Crab ACLs and Rebuilding Initial Review Draft xXii May 2010
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Council motion (on Crab ACLs) April 2010

From the April 11, 2010 Council meeting, regarding Agenda item:

D-1(a) Crab ACL Analysis and BSAI snow and Tanner crab rebuilding

The Council directs staff to incorporate SSC and Plan Team recommendations as well as the following
comments in preparing the analysis for initial review.

The Council supports the SSA and AP recommendations on the draft snow crab rebuilding plan and
proposed ABC control rules that would be used to annually establish crab ACLs.

Despite this support, the Council has the following concemns:

The annual stock assessment and OFL specification process should avoid inclusion of multiple
conservative buffers. The Council believes that the appropriate venue for consideration of
precautionary measures is in recommendation of ABC by the Crab Plan Team and SSC and in
TAC setting conducted by the State of Alaska.

The Council would like to have a clearer understanding of the National Standard 1 guideline
requirements to inform selection of a preliminary preferred alternative. For example, would a
range for additional uncertainty of 0.1-0.3 rather than 0.2-0.6 satisfy requirements?

Moving the timing of the ABC recommendation to June as described in the SSA and AP minutes
under a new Option 4 would not allow for use of survey data from the most recent year. As well
the Council may set a one year, rather than two year standard, for rebuilt crab stocks. One or both
of these options may present an unnecessary risk given the sometimes dramatic inter-annual
fluctuations in abundance experienced by some crab stocks.

Accountability Measures are a means of addressing crab bycatch in fisheries contributing to crab
mortality. The Council should begin to develop crab bycatch management measures including
PSC limits for each crab species. It is the Council’s intent that PSC limits be analyzed to identify
the groundfish and scallop fishery sectors contributing to crab bycatch and quantify their relative
contribution to total crab bycatch mortality. The Council believes that Accountability Measures
should establish a linkage between the crab and groundfish FMPs to equitably spread the burden
of crab bycatch mortality amongst all fishery participants.
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Comparison of accounting for uncertainty in the ABC control rule for Crab and
Groundfish Tier systems

At preliminary review in April 2010, the Council requested that staff clarify the treatment of uncertainty
in establishing the ABC control rule under the proposed Crab ACL analysis versus the existing treatment
of uncertainty in establishing ABCs in the BSAI and GOA groundfish tier systems. Below is an excerpt
from the groundfish ACL analysis (NMFS/NPFMC 2010) which noted that current treatment of scientific
uncertainty in the groundfish Tier system was sufficiently conservative at this time to meet the intent of
the National Standard guidelines.

Annual Harvest Specification Process and Incorporation of Uncertainty’

Regulations at 50 CFR part 679 address management of groundfish in the BSAI and GOA. These
regulations describe the annual process of specifying OFL, ABC, and TAC levels for target species and
other species. Under § 679.20(a), a TAC must be specified for each target species category and for the
combined other species category. TACs for the target species may be split or combined by the Council to
establish new quota categories through the annual specifications process, as recommended by its
scientific advisors; a plan amendment is not required. The Council, however, is not authorized under §
679.20 to split or combine the species in the other species category. Before the Council can specify a TAC
for a single species or species group within the other species category, it first must move this species from
the other species category 1o the target species category in the FMPs. Once a species or species group is
categorized as a target species in the FMPs, the Council must specify a separate OFL, ABC, and TAC for
the species or species group in the annual groundfish specifications process, or combine this new target
species with some other target species to form a target species group. Annual specifications for 2010 are
listed for the BSAI in Table 10 and for the GOA in Table 11.

The control rule used for setting specifications for target groundjfish is intended to account for scientific
uncertainty in two ways. First, the control rule is structured explicitly in terms of the type of information
available, which is related qualitatively to the amount of scientific uncertainty. Second, the size of the
bufffer between the maximum fishing mortality rate (maxF) and ABC in Tier I of the ABC control rule and
F and OFL in Tier 1 of the OFL control rule varies directly with the amount of scientific uncertainty. For
the information levels associated with the remaining tiers, relating the buffer between maxF/ABC and
F/OFL to the amount of scientific uncertainty is more difficult because the amount of scientific
uncertainty is harder to quantify, so buffers of fixed size are used instead.

The probability that the specified ABC exceeds the “true” OFL (i.e., the OFL that would be specified if
all scientific uncertainty were eliminated) was evaluated for a variety of stocks in Tiers 1, 3, 5, and 6. The
SSC has determined that the range of resulting probabilities provide sufficient protection against
overfishing, at least for the time being. It is anticipated that research regarding estimation of these
probabilities will continue. This research may result in a future amendment proposal that prescribes the

! From Section 1.4.2.1.1 of NMFS/NPFMC 2010. Environmental Assessment for Amendment 96 to the Fishery
Management Plan for Groundfish of the Bering Sea and Aleutian Islands Management Area and Amendment 87 to
the Fishery Management Plan for Groundfish of the Gulf of Alaska to Comply with Annual Catch Limit
Requirements. North Pacific Fishery Management Council, Anchorage, AK 99501.
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buffer between ABC and OFL explicitly in terms of the amount of scientific uncertainty (presently, Tier I
prescribes the buffer explicitly in terms of the amount of scientific uncertainty, but the other tiers do not).

As described above from the analysis for amendments 96 and 87 to the groundfish FMPs, the groundfish
Tier system explicitly prescribes the buffer to account for uncertainty in Tier 1 only. For the proposed
ACL amendments for the Crab FMP, the approach for specifying the ABC control rule explicitly accounts
for the scientific uncertainty in the OFL for Tiers 1-4 and attempts to explicitly account for the
uncertainty in the average catch calculation (from which the Tier 5 OFL is derived) for Tier 5 as well.
This represents an improvement in terms of meeting the guidelines for the consideration of scientific
uncertainty in the ABC control rule for all tiers in the Crab tier system as compared with the groundfish
tier system. Future consideration may be given to amending the groundfish Tier system to resemble the
direction taken by the Council for the Crab tier system in appropriately accounting for scientific
uncertainty in the OFL for all Tier levels.
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DEPARTMENT OF FISH AND GAME PHOE- (0v) S 10
ALASKA BOARD OF FISHERIES FAX: (907) 465-6094
March 23, 2010

Mr. Eric Olson, Chairman

North Pacific Fishery Management Council
605 West 4th, Suite 306

Anchorage, AK 99501-2252

Re: BSAI crab and statewide scallop federal fishery management plan amendments

Dear Chairman Olson:

At our December 2009 joint North Pacific Fishery Management Council (council)/Alaska Board
of Fisheries (board) meeting, we received briefings on several Bering Sea/Aleutian Islands
(BSAI) crab and statewide scallop fishery management actions scheduled for final action by the
77 council in October 2010. That briefing provided an introduction to more detailed presentations
delivered during our March 2010 meeting where we reviewed the preliminary range of
" alternatives for three crab rebuilding plans and received an overview of alternatives to meet crab
and scallop Annual Catch Limit (ACL) requirements. In addition, we were provided a summary
of federal fishery management plan (FMP) framework and the state’s authority under our joint
state-federal management structure for BSAI crab and statewide scallops. This letter provides
input from the board meant to assist and inform the council as analyses move forward and
preferred alternatives are selected. A detailed briefing document we utilized in shaping the
recommendations contained herein is enclosed for your reference.

In establishing ACLSs, the board requests that the council give serious consideration to
approaches that reasonably meet MSA requirements - without being so precautionary as to
encroach upon the state’s authority to set TACs. ACL buffers more conservative than required to
comply with federal law would diminish the state’s ability to exercise policy discretion provided
under the BSAI crab FMP. ACL requirements were developed as a means to achieve National
Standard 1 under the revised MSA and do not change FMP goals and objectives. The state’s
conservative approach to harvest strategy implementation and proven ability to account for and
respond to the best available stock status information provide added protections from overharvest
and should be considered additional protections as the council recommends regulatory buffers to
prevent overfishing.

Alternatives for rebuilding overfished crab stocks include a range of rebuilding time periods;
options that could be coupled with those alternatives increase the probability of rebuilding in a
given time period. The full range of alternatives and options is achieved through harvest rate
ot adjustments, some of which restrict the state’s authority and flexibility in setting annual TACs.
We are concerned that an ovérly prescriptive approach to crab rebuilding plans would be
inconsistent with the spirit of state-federal joint management established under the BSAI crab
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FMP, and could represent a degradation of state’s role in meeting rebuilding requirements and
management objectives specified in the FMP and as National Standards.

The board is also concerned about crab bycatch in groundfish fisheries and associated impact on
stock rebuilding and directed fishery harvest potential. We understand that the council received a
crab bycatch discussion paper in October 2009 and subsequently requested that an expanded
discussion paper be brought forward in 2010. The board encourages the council to continue
review of this issue by initiating analysis of crab bycatch in BSAI groundfish fisheries and to
evaluate the impact of bycatch and current bycatch limits on the directed crab fisheries under the
council’s preferred alternatives for rebuilding plans and ACL management measures.

The intent of the BSAI crab FMP is to preserve the state’s management flexibility within the
bounds of federal law and the board has consistently met that intent by exercising its FMP
deferred authority to adopt harvest strategies satisfying both MSA requirements and FMP
management objectives. These harvest strategies, crafted through a transparent regulatory
process, demonstrate sound management policy, and provide fishery managers the necessary
flexibility to establish TACs within federal rebuilding plan and ACL requirements. In
acknowledgment of the state’s consistent compliance with federal law and expertise in managing
BSAI crab and statewide scallop stocks, we ask that when considering alternatives for rebuilding
plans and ACLs, the state’s traditional FMP deferred role in establishing TAC levels be
recognized and retained. We request the council adopt preferred altemnatives that provide the
greatest flexibility to the state in setting TACs.

We believe that these requests will inform the process used to establish crab rebuilding plans and
ACLs for crab and statewide scallops, leading to better managed fisheries. In furthering the
shared interest of continued dialogue on rebuilding plans and ACLs we suggest that the Joint
Protocol Committee of the Board of Fisheries and North Pacific Fishery Management Council
meet in September, before final action by the council, and after a preliminary preferred
alternative has been selected. We also, as always, invite council and NMFS representatives to
‘participate in the board process and to collaborate with us on topics of mutual interest.

The Board of Fisheries looks forward to the continued coordination on these important fishery
topics. Thank you.

Sincerely,

C&/V B A

Vince Webster
Chairman, Alaska Board of Fisheries

Enclosure

cc: Jim Balsiger, Regional Administrator, National Marine Fisheries Service
Denby Lloyd, Commissioner, Alaska Department of Fish and Game
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Briefing to the Alaska Board of Fisheries on BSAI crab FMP amendments
Alaska Department of Fish and Game Division of Commercial Fisheries

March 16, 2010

The following briefing identifies issues the Board of Fisheries (board) may wish to
consider in response to pending North Pacific Fishery Management Council (council)
actions related to Bering Sea and Aleutian Islands (BSAI) crab. This briefing is intended
to supplement the presentation you will receive as staff report RCS.

Analyses have been initiated for implementation of Annual Catch Limits (ACL), and
development of Pribilof Islands blue king, Bering Sea snow, and Bering Sea Tanner crab
stock rebuilding plans. Some alternatives in the analyses have considerable potential to
negatively impact management authority deferred to the State of Alaska (state) in the
Fishery Management Plan for Bering Sea/Aleutian Islands King and Tanner Crabs
(FMP).

ACLs

National Standard 1 guidelines developed in response to 2007 amendments to the
Magnuson-Stevens Fishery Conservation and Management Act (MSA) require that ACLs
be adopted for each crab stock listed in the FMP and that ACLs must be implemented
beginning with the 2010/2011 fishing season. ACLs will establish a buffer between the
federal overfishing level (OFL; the estimate of the total annual catch that would
jeopardize the capacity of a stock to produce maximum sustained yield on a continuing
basis) adopted by the council and the maximum Total Allowable Catch (TAC) set by the
state. ACL buffers must be crafted to account for biological and management uncertainty
for each stock. Examples of biological uncertainty include imprecision in the estimate of
abundance and imprecision in the estimates of parameters, such as the natural mortality
rate, used in the population model. Examples of management uncertainty include
imprecision in estimating the expected number of crab discards, such as sub-legal Tanner
crabs in the directed Tanner crab fishery.

An ACL buffer is a precautionary measure implemented to explicitly address overall
uncertainty in stock assessment and OFL determinations. This scientific uncertainty must
be incorporated when an ACL is specified, and not during the stock assessment process
or when adopting an OFL for a specific crab stock, Precautionary measures mitigating for
scientific uncertainty (e.g., assuming that the National Marine Fisheries Service bottom




trawl survey net captures nearly 100% of the legal crabs in its path) have previously been
implicitly integrated into some assessment models, rebuilding plans, and OFLs.

It is notable that state harvest strategies provide for incorporation of additional
precautionary considerations during TAC setting beyond those specifically prescribed in
regulation. The state has employed this flexibility in prior assessment cycles by
implementing time and area fishery closures, lowering harvest rates, and accounting for
bycatch mortality to prevent overfishing. In exercising FMP deferred management
authority, the state often approaches TAC setting more conservatively than required by
federal law, taking into account management concerns not specifically incorporated into
stock assessments. This flexibility in TAC setting is among the state’s strongest
contributions to BSAI crab management under the FMP.

Rebuilding Plans
Bering Sea snow crab and Pribilof Islands blue king crab stocks have failed to make

adequate progress towards rebuilding and new rebuilding plans for these stocks must be
implemented beginning with the 2011/2012 fishing season. In addition, the board and
council have been advised that the Bering Sea Tanner crab stock is approaching an
overfished condition, thereby requiring implementation of a rebuilding plan for that stock
by the 2011/2012 fishing season.

The council will adopt preferred alternatives for crab rebuilding plans to meet specific
goals; rebuilding plans must be crafted within both National Standard guidelines and the
framework-nature of the FMP. Previous council actions have been sensitive to the state’s
FMP Category 2 responsibility and authority to set TACs. This authority was initially
deferred in recognition of the state’s responsive fishery management practices and use of
the best available scientific information in managing BSAI crab stocks. The FMP makes
the state and federal government partners in achieving the goals of rebuilding plans. The
state’s expertise in managing BSAI crab stocks and flexibility in incorporating new
information provide assurance that the state is committed to rebuilding BSAI crab stocks.

Options proposed for consideration include annual adjustments to the rebuilding harvest
rate for both snow and Tanner crab. Such a prescriptive approach to crab rebuilding
plans would be inconsistent with the spirit of the FMP and represents a degradation of the
state’s deferred management responsibilities. Considerations for annual changes in stock
reproductive potential and the highly cyclic nature of BSAI stocks are specific reasons
why TAC setting authority is deferred to the state and provide strong justification for
options that do not include annual adjustment to the rebuilding goals.

Rebuilding alternatives also consider the time frame for rebuilding. To take maximum
advantage of the state’s flexibility and knowledge in managing BSAI crab stocks, the
time frame specified for stock rebuilding must be responsive to the status and biology of
each stock, environmental conditions, and the needs of fishing communities.

Bycatch considerations
Bycatch control measures, along with habitat protection and harvest strategies, represent

key components of crab rebuilding plans. In the directed crab fisheries, the state has
implemented bycatch control measures including accounting for bycatch in each crab
fishery as well as specific area closures; however, under the current management
structure, commensurate measures do not exist to control crab bycatch in the groundfish




fisheries. Several crab stocks lack any bycatch limits in groundfish fisheries and crab
bycatch limits that are in place have little relationship to the OFL for the crab stock.

Bycatch mitigation in crab fisheries is incorporated into the state TAC setting process,
thereby reducing directed crab fishery harvests; however, the impact of crab bycatch
during groundfish fisheries and current crab bycatch limits on directed crab fisheries
under the alternatives for ACL management measures and each of the three rebuilding
plans is not well understood and is of concern. Crab ACLs and rebuilding plans must
account for crab bycatch in BSAI groundfish fisheries.

Summary
The state has consistently exercised a high degree of cooperation with the federal

government in managing BSAI crab stocks and frequently seeks guidance to ensure that
state management actions are in compliance with MSA and the FMP. Given the long
history of cooperative BSAI crab management, the board may wish to provide input to
the council at this time for their consideration as alternatives are refined in April and June
and preferred alternatives are selected in October. Board recommendations or concerns
could provide a record demonstrating need and interest to retain the state’s management
authority and flexibility provided under the BSAI crab FMP.
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Bering Sea Snow Crab Rebuilding Alternatives Supplemental Table and Figures
B.J. Turnock
Alaska Fisheries Science Center
Seattle, WA
May 28, 2010

Rebuilding alternatives for model 1 and model 5(see snow crab assessment May 2010) with
rebuilding 2 years in a row and for rebuilding 1 year are shown in Tables 1-4. The catch
taken in 2009/10 was determined by the TAC (21,800 t) plus the estimated discard and
groundfish bycatch. A 75%F35% control rule was applied in 2010/11 instead of the
rebuilding F as in the May draft assessment. Alternatives to determine Tmin have 0.0
directed catch (groundfish bycatch is still extracted) until the stock is rebuilt. All alternatives
switch to a 0.8 multiplier when the stock is rebuilt. Tables 5-8 show the estimates of catch
and probability of rebuilding by year from 2009/10 to 2020/21 for model 1 and model 5 for
the rebuilding alternatives in Tables 1-4. Model 1 MMB is projected to decline from about
73% of B35% in 2009/10 to 70% of B35% in 2011/12 then increase thereafter, when fishing
at 75% F35% CR (Tables 5a and 6a). The probability of rebuilding (2 years) was 52.6% in
2016/17 fishing at 75%F35% CR and 55.1% in 2015/16 for rebuilding 1 year.

Model 5 MMB is projected to decline from about 91% of B35% in 2009/10 to 71% of B35%
in 2011/12 fishing at 75%F35% CR (Tables 7a and 8a), then increase. The probability of
rebuilding (2 years) was 52.6% in 2016/17 fishing at 75%F35% CR and 55.1% in 2015/16
for rebuilding 1 year.

Crab ACLs and Rebuilding 1 May 2010
Initial Review Draft
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Table 1. Model 1. Ttarget values, probability of rebuilding (2 yrs) and multipliers on the
F35% control rule for Alternatives 1-4 and Options 1-3. Fishing at 75%F35% in 2010/11.
F= 0.0 on directed fishery only for alternative 2 (Groundfish bycatch extracted). All
alternatives switch to 0.8 multiplier when rebuilt.

Alternative Probability | Trarger | Probability Multiplier

rebuilding | year- Rebuilding

Specified by | ending | (2 yr) from

Alternative | date projections
Alternative 1
(no action) 50% | 2016/17 0.526 0.75
Alternative 2 (Tv) 50% 2014/15 0.886 0.00
Alternative 3 50% 2015/16 0.505 0.62
Alternative 3-Option 2 75% | 2015/16 0.756 0.31
Alternative 3-Option 3 90% | 2015/16 0.905 0.16
Alternative 4 (Tend) 50% 2016/17 0.526 0.75
Alternative 4-Option 2 75% | 2016/17 0.758 0.39
Alternative 4-Option 3 90% | 2016/17 0.900 0.20
Option 1 2019/20 0.70 0.75

Table 2. Model 1. Ttarget values, probability of rebuilding (1 yrs) and multipliers on the
F35% control rule for Alternatives 1-4 and Options 1-3. Fishing at 75%F35% in 2010/11.
F= 0.0 on directed fishery only for alternative 2 (Groundfish bycatch extracted). All
alternatives switch to 0.8 multiplier when rebuilt.

Alternative Probability | Ttarcer | Probability Muitiplier

rebuilding | year- Rebuilding

Specified by | ending | (1 yr) from

Alternative | date projections
Alternative 1
(no action) 50% | 2015/16 0.551 0.75
Alternative 2 (Tmin) 50% 2013/14 0.886 0.00
Alternative 3 50% 2014/15 0.500 0.64
Alternative 3-Option 2 75% | 2014/15 0.753 0.32
Alternative 3-Option 3 90% | 2014/15 0.900 0.17
Alternative 4 (Tenp ) 50% 2015/16 0.551 0.75
Alternative 4-Option 2 75% | 2015/16 0.752 0.41
Alternative 4-Option 3 90% | 2015/16 0.903 0.21
Option 1 2019/20 0.764 0.75

Crab ACLs and Rebuilding 2 May 2010

Initial Review Draft



AGENDA C-2(a)(5)
JUNE 2010

Table 3. Model 5. Ttarget values, probability of rebuilding (2 yrs) and multipliers on the
F35% control rule for Alternatives 1-4 and Options 1-3. Fishing at 75%F35% in 2010/11.

F= 0.0 on directed fishery only for alternative 2 (Groundfish bycatch extracted).

alternatives switch to 0.8 multiplier when rebuilt.

Alternative: Probability | Trarcer | Probability Multiplier
rebuilding | year- Rebuilding '
Specified by | ending | (2 yr) from
Alternative | date projections
Alternative 1
(no action) 50% | 2015/16 0.572 0.75
Alternative 2 (Tmin) 50% 2014/15 0.943 0
Alternative 3 50% 2014/15 0.500 0.34
Alternative 3-Option 2 75% | 2014/15 0.757 0.14
Alternative 3-Option 3 90% | 2014/15 0.911 0.03
Alternative 4 (Tenp ) 50% 2015/16 0.572 0.75
Alternative 4-Option 2 75% | 2015/16 0.758 0.41
Alternative 4-Option 3 90% | 2015/16 0.905 0.21
Option 1 201920 0.792 0.75

All

Table 4. Model 5. Ttarget values, probability of rebuilding (1 yrs) and multipliers on the
F35% control rule for Alternatives 1-4 and Options 1-3. Fishing at 75%F35% in 2010/11.

F= 0.0 on directed fishery only for alternative 2 (Groundfish bycatch extracted).

alternatives switch to 0.8 multiplier when rebuilt.

Alternative Probability | Trarcer | Probability Multiplier

rebuilding | year- Rebuilding

Specified by | ending | (1 yr) from

Alternative | date projections
Alternative 1
(no action) 50% | 2014/15 0.646 0.75
Alternative 2 (Tvm) 50% _2012/13 0.508 0.00
Alternative 3 50% 2013/14 0.5 0.42
Alternative 3-Option 2 75% | 2013/14 0.751 0.15
Alternative 3-Option 3 90% | 2013/14 0.91 0.03
Alternative 4 (Tenp ) 50% 2014/15 0.646 0.75
Alternative 4-Option 2 75% | 2014/15 0.756 0.47
Alternative 4-Option 3 90% | 2014/15 0.91 0.22
Option 1 2019/20 0.864 0.75

Crab ACLs and Rebuilding
Initial Review Draft
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Table 5. Model 1 rebuilding for Alternatives 1-4 and Options 1, 2 and 3 and rebuilding 2
years in a row. Bssy, = 139,200 t. Fishing at 76%F35% in 2010/11. All projections have
rebuilding strategy (multiplier) in effect until rebuilt, then strategy switches to a 0.8

muitiplier. Total catch (ABC,) and retained catch (Cg;) and fishing mortality are medians.

Percent MMB at mating relative to B35%. Values in parentheses are 90% CI. Probability of

rebuilding for 1 year above B35% and probability of rebuilding to 2 years in a row above

B35%.

(a) Alternative 1, alternative 4 and Option 1 (muitiplier = 0.75), Model 1, Additional uncertainty =

0.2. When rebuilt multiplier increased to 0.8.

Year ABC,, Cair Percent Prob Prob Full
(1000¢) (1000t) MMB/ Bjis, Rebuildi Rebuilding  Selection
ng(1 yrs) 2 yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 18(10,30.2) 16.3(8.9,27.2) 70.2(58.3,82.3) 0 0 0.33
2012 | 16.5(8.9,29.1) 14.4(7.7,25.5) 70.7(57.7,86.2) 0.004 0 0.32
2013 | 24(12.1,40) 20.8(10.5,34.4) 81.7(62.7,113.5) 0.136 0.004 0.39
2014 ] 33.6(15.8,69.4) 29.8(14.2,59.9) 95.9(65.5,166.9) 0.428 0.136 0.44
2015 | 41(14.8,100.1) 36.1(13.3,89.4) 104.2(64.3,216.4) 0.551 0.419 0.46
2016 | 42.6(12.8,108.2) | 38(11.5,96.5) 107.6(60.3,237.7) 0.617 0.526 0.47
2017 | 43.7(11,109.8) 38.7(9.7,100.1) 109.7(57.5,243.1) 0.675 0.588 0.47
2018 | 44.4(10.4,115.8) | 39.4(9.3,104.2) 115.2(54.9,257.8) 0.729 0.646 0.47
2019 | 46.8(10.8,117.4) | 41.6(9.7,102.8) 115.8(56.5,271.7) 0.764 0.699 0.48
2020 | 44.9(9.5,123.7) 39.9(8.3,112) 112.9(56.4,275.9) 0.79 0.736 0.47
(b) Alternative 2, Model 1, Additional uncertainty = 0.2, directed catch = 0.0 (groundfish bycatch
extracted) until rebuilt then muitiplier increased to 0.8,
Year ABC,, Ciir Percent Prob Prob Full
(1000t) (1000t) MMB/ Bsso, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 0.6(0.5,0.7) 0(0,0) 82.7(71.3,94.7) 0.012 0 0
2012 | 0.7(0.5,0.9) 0(0,0) 92.3(78.9,108.8) 0.203 0.012 0
2013 | 0.8(0.6,1.2) 0(0,0) 114.9(95.2,151.7) 0.886 0.203 0
2014 | 1(0.7,86.6) 0(0,75) 139.7(105.4,217.9) 0.988 0.886 0
2015 | 61.9(0.8,124.2) 55.5(0,110.5) 130(89.5,246.8) 0.991 0.983 0.5
2016 | 54.3(20.1,119.7) ] 48.4(18,105.4) 120.8(73.6,252.4) 0.993 0.986 0.51
2017 | 49.7(14.7,116.5) | 43.4(13.2,103.4) | 115.5(64.2,250) 0.993 0.989 0.49
2018 | 48.3(12.7,120.1) | 41.9(10.9,105.1) | 118.4(58.8,261.9) 0.994 0.99 0.48
2019 | 49.6(11.7,121.6) | 43.1(10,104.1) 118.2(58.6,279) 0.997 0.993 0.49
2020 | 47.8(10.6,129.3) | 41.8(8.9,113.4) 118.2(57.6,285.3) 0.997 0.996 0.48
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{c) Alternative 3, Model 1, Additional uncertainty = 0.2, multiplier = 0.62, until rebuilt then multiplier

increased to 0.8.

Year ABC,, Cair Percent Prob Prob Full
(1000t) (1000t) MMB/ B3so, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 15.9(8.9,27) 14(7.6,24) 71.8(60.3,83.6) 0 0 0.28
2012 | 15.4(8.3,27.2) 12.9(6.8,22.8) 73.2(60.3,88.8) 0.006 0 0.28
2013 | 22.4(11.2,36.2) 19(9.4,30.4) 86.2(66.2,117.1) 0.17 0.006 0.34
2014 | 31.7(14.8,62.8) 27.5(13,52.2) 100.8(70.4,175.4) 0.514 0.17 0.38
2015 | 37.9(14.2,105.7) | 33(12.5,94.3) 110.6(68.7,222.4) 0.632 0.505 0.40
2016 | 42.6(12.5,113.1) | 37.7(10.9,98.5) 112.9(64.3,242.2) 0.685 0.606 0.45
2017 | 44.2(10.7,113.9) | 38.4(9.2,100.3) 113.7(60.9,245) 0.737 0.658 0.45
2018 | 45.5(10.3,117.8) | 39.5(8.9,104.3) 117.6(57.8,258.8) 0.778 0.709 0.46
2019 | 47.3(10.9,121) 40.7(9.5,103.9) 117.4(58.8,273.2) 0.813 0.752 0.47
2020 | 45.3(9.5,126.1) 39.4(8.1,112.9) 115(59.2,276.9) 0.838 0.789 0.47
(d) Alternative 3, Option 2, Model 1, Additional uncertainty = 0.2, multiplier = 0.31, until rebuilt then
multiplier increased to 0.8.
Year ABC,, Car Percent Prob Prob Full
(1000t) (1000t) MMB/ Bsso, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 ] 9.2(5.1,16.1) 7.9(4.1,14) 76.5(65.1,88.3) 0.001 0 0.15
2012 | 9.9(5.2,16.9) 8.2(4.1,14.2) 80.7(68.4,96.4) 0.024 0.001 0.16
2013 ] 156.1(7.4,22.4) 12.7(6.1,18.7) 96.3(77.7,131.1) 0.391 0.024 0.19
2014 ] 20.3(10.2,39.3) 17.7(8.6,32.9) 116.7(85.1,201.3) 0.765 0.391 0.2
2015 | 26.3(10.4,118.3) | 23.1(8.9,104.9) 126.2(82.5,237.5) 0.827 0.756 0.25
2016 | 52.3(10.3,117.1) ] 46.6(9.1,105.1) 121.1(77,246.7) 0.852 0.814 0.47
2017 ] 48.4(9.1,114.8) 42.5(7.8,102) 118.3(69.8,263.3) 0.886 0.839 0.46
2018 | 47.3(10,120.4) 41.2(8.8,105.7) 120.7(63.9,262) 0.905 0.875 0.46
2019 ] 49.7(9.7,123.4) 43.1(8.3,104.8) 120.3(62.5,276.3) 0.916 0.895 0.47
2020 | 47.2(9,129.4) 41.1(7.7,116.1) 118.7(61.5,281) 0.936 0.909 0.47
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(e) Alternative 3, Option 3, Model 1, Additional uncertainty = 0.2, multiplier = 0.16, until rebuilt then

multiplier increased to 0.8.
Year ABC,, Cair Percent Prob Prob Full
(1000t) (1000t) MMB/ B3se, Rebuildi  Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 5.2(3,8.8) 4.3(2.2,7.5) 79.2(67.9,91.1) 0.002 0 0.08
2012 | 6(3.1,9.6) 4.8(2.3,8) 85.9(73.5,101.8) 0.066 0.002 0.08
2013 ] 9.1(4.5,13) 7.4(3.5,10.6) 104.1(85.9,140.2) 0.63 0.066 0.1
2014 | 11.9(6.4,64.5) 10(5.2,65.7) 128.6(95.8,209.4) 0.916 0.63 0.1
2015 | 51.4(7.1,121.4) 45.5(5.9,108.3) 129.9(91,245) 0.93 0.905 0.42
2016 | 55(8.4,119.2) 49.2(7.1,105.7) 120.8(79.9,249.1) 0.945 0.918 0.5
2017 | 50(8.8,115.5) 44(7.6,102.3) 117.4(69.8,253.1) 0.957 0.934 0.48
2018 | 48.3(9.2,121.7) 42(7.9,106.5) 119.8(62.6,263.7) 0.967 0.947 0.48
2019 ] 50.1(9.5,121.3) 43.4(8.3,103.8) 118.9(60,278.2) 0.972 0.957 0.48
2020 | 47.5(9.4,127.5) 41.5(7.7,113.1) 118.6(58.8,281.5) 0.983 0.963 0.48
() Alternative 4, Option 2, Model 1, Additional uncertainty = 0.2, multiplier = 0.39, until rebuilt then
multiplier increased to 0.8.
Year ABC,, Ciir Percent Prob Prob Full
(1000¢) (1000t) MMB/ B3so, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 11.1(6.1,19.3) 9.6(5.1,16.9) 75.2(63.8,87) 0 0 0.19
2012 | 11.6(6.1,20.2) 9.7(4.9,17.1) 78.4(66,94.1) 0.016 0 0.19
2013 | 17.4(8.6,26.4) 14.7(7.1,22.2) 92.9(74.5,127) 0.304 0.016 0.23
2014 | 24(11.7,45.8) 21(10.1,38.3) 112.1(80.5,193.8) 0.693 0.304 0.25
2015 | 29(11.6,115) 25.3(10,102.3) 124.7(78,231.8) 0.774 0.682 0.29
2016 | 50.1(11,115.6) 44.5(9.4,103.7) 119.8(73.1,244.4) 0.815 0.758 0.44
2017 | 47.6(9.7,114.6) 41.6(8.3,101.8) 118.5(67.3,261.4) 0.854 0.797 0.45
2018 | 47(10.5,119.6) 40.7(8.9,105.4) 120.9(62.9,261.1) 0.879 0.837 0.45
2019 | 49.2(10.2,122.1) | 42.9(8.9,104) 120.1(62.1,276.9) 0.897 0.863 0.46
2020 | 46.4(9.3,130.8) 40.7(8,114.3) 118.2(61.2,283.3) 0.918 - 0.886 0.46
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(g) Alternative 4, Option 3, Mode! 1, Additional uncertainty = 0.2, multiplier = 0.20, until rebuilt then
multiplier increased to 0.8.

Year ABC,, Cair Percent Prob Prob Full
(1000¢) (1000¢) MMB/ Bj3s, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 6.4(3.6,11) 5.3(2.8,9.4) 78.4(67.1,80.2) 0.002 0 0.1
2012 | 7.3(3.8,11.9) 5.9(2.8,10) 84.3(71.9,99.9) 0.047 0.002 0.11
2013 ] 11.2(5.4,15.9) 9.1(4.3,13.2) 101.5(83.3,137.4) 0.552 0.047 0.13
2014 | 14.4(7.5,31.6) 12.3(6.3,25.9) 124.9(92.6,210.7) 0.875 0.552 0.13
2015 | 41.1(8.2,121.2) 37.2(6.9,107) 129.2(88.4,242.8) 0.908 0.867 0.37
2016 | 54.6(9.1,119.3) 48.4(7.9,106.6) 122.1(79.2,248.7) 0.924 0.899 0.49
2017 ] 50.2(8.8,115.1) 44.7(7.6,102.5) 117.9(69.4,256.1) 0.942 0.915 0.48
2018 | 48.5(10,121.5) 42(8.4,106.2) 119.7(62.9,263.8) 0.953 0.933 0.48
2019 | 49.8(9.2,121.2) 43.3(7.9,104.6) 119.5(60.7,277.6) 0.96 0.943 0.48
2020 | 47(9,127) 41.2(7.5,113.6) 118.8(59.1,282.3) 0.973 0.951 0.48
Table 6. Model 1 rebuilding for Alternatives 14 and Options 1, 2 and 3, rebuilding 1 year.
Bisw, = 139,200 t. Fishing at 75%F35% in 2010/11. All projections have rebuilding strategy
(multiplier) in effect until rebuilt, then strategy switches to a 0.8 mulitiplier. Total catch
(ABC,) and retained catch (Cqy) and fishing mortality are medians. Percent MMB at
mating relative to B35%. Values in parentheses are 90% Cl. Probability of rebuilding for 1
year above B35% and probability of rebuilding to 2 years in a row above B35%.
(a) Alternative |, alternative 4 and Option 1 (multiplier = 0.75), Model 1, Additional uncertainty =
0.2. When rebuilt multiplier increased to 0.8.
Year ABC,, Ciir Percent Prob Prob Full
(1000t) (1000t) MMB/ B3se, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
. Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 { 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 18(10,30.2) 16.3(8.9,27.2) 70.2(58.3,82.3) 0 0 0.33
2012 | 16.5(8.9,29.1) 14.4(7.7,25.5) 70.7(57.7,86.2) 0.004 0 0.32
2013 | 24(12.1,40) 20.8(10.5,34.4) 81.7(62.7,113.5) 0.136 0.004 0.39
2014 | 33.6(15.8,69.4) 29.8(14.2,59.9) 95.9(65.5,166.9) 0.428 0.136 0.44
2015 | 41(14.8,100.1) 36.1(13.3,89.4) 104.2(64.3,216.4) 0.551 0.419 0.46
2016 | 42.6(12.8,108.2) | 38(11.5,96.5) 107.6(60.3,237.7) 0.617 0.526 0.47
2017 | 43.7(11,109.8) 38.7(9.7,100.1) 109.7(57.5,243.1) 0.675 0.588 0.47
2018 | 44.4(10.4,115.8) | 39.4(9.3,104.2) 115.2(54.9,257.8) 0.729 0.646 0.47
2019 ] 46.8(10.8,117.4) | 41.6(9.7,102.8) 116.8(56.5,271.7) 0.764 0.699 0.48
2020 | 44.9(9.5,123.7) 39.9(8.3,112) 112.9(56.4,275.9) 0.79 0.736 0.47
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(b) Alternative 2, Model 1, Additional uncertainty = 0.2, directed catch = 0.0 (groundfish bycatch
extracted) until rebuilt then multiplier increased to 0.8.

Year ABC,, Ciic Percent Prob Prob Full
(1000t) (1000t) MMB/ B3se, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing

Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 ] 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 0.6(0.5,0.7) 0(0,0) 82.7(71.3,94.7) 0.012 0 0
2012 { 0.7(0.5,0.9) 0(0,0) 92.3(78.9,108.8) 0.203 0.012 0
2013 | 0.8(0.6,1.2) 0(0,0) 114.9(95.2,151.7) 0.886 0.203 0
2014 | 1(0.7,86.6) 0(0,75) 139.7(105.4,217.9) 0.988 0.886 0
2015 | 61.9(0.8,124.2) 55.5(0,110.5) 130(89.5,246.8) 0.991 0.983 0.5
2016 | 54.3(20.1,119.7) | 48.4(18,105.4) 120.8(73.6,252.4) 0.993 0.986 0.51
2017 | 49.7(14.7,116.5) | 43.4(13.2,103.4) | 115.5(64.2,250) 0.993 0.989 0.49
2018 | 48.3(12.7,120.1) ] 41.9(10.9,105.1) | 118.4(58.8,261.9) 0.994 0.99 0.48
2019 | 49.6(11.7,121.6) | 43.1(10,104.1) 118.2(58.6,279) 0.997 0.993 0.49
2020 ] 47.8(10.6,129.3) | 41.8(8.9,113.4) 118.2(57.6,285.3) 0.997 0.996 0.48

(c) Alternative 3, Model 1, Additional uncertainty = 0.2, multiplier = 0.64, until rebuilt then multiplier
increased to 0.8.
Year ABC,, Ciir Percent Prob Prob Full
(1000t) (1000t) MMB/ Bis, Rebuildi Rebuilding  Selection
ng(1 yrs) 2 yrs) Fishing

Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 16.3(9.1,27.6) 14.3(7.8,24.6) 71.5(60.1,83.3) 0 0 0.29
2012 | 15.6(8.5,27.6) 13.2(6.9,23.3) 72.8(59.9,88.3) 0.006 0 0.29
2013 | 22.8(11.4,37) 19.3(9.6,31) 84.6(65.6,116.3) 0.163 0.006 0.35
2014 | 32.1(14.9,64.1) 27.9(13.2,53.2) 99.9(69.6,173.9) 0.498 0.163 0.39
2015 | 38.6(14.4,104.8) | 33.7(12.6,92.3) 109.6(68.1,220.4) 0.616 0.491 0.41
2016 | 42.7(12.6,112.3) | 37.6(10.9,98.1) 112.3(63.5,241.3) 0.672 0.592 0.45
2017 | 44.1(10.8,113.2) | 38.6(9.3,100.2) 113.4(60.4,244.7) 0.726 0.645 0.45
2018 | 45.6(10.3,118.5) | 39.3(9,104.4) 117.5(57.2,260) 0.767 0.699 0.46
2019 | 47.2(10.9,120.9) | 40.7(9.5,103.8) 117.1(58.5,272.9) 0.804 0.742 0.47
2020 | 45.4(9.5,126.3) 39.5(8.1,112.2) 114.5(58.9,276.8) 0.827 0.779 0.47
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(d) Alternative 2, Option 2, Model 1, Additional uncertainty = 0.2, multiplier = 0.32, until rebuilt then
multiplier increased to 0.8.

Year ABC,, Cair Percent Prob Prob Full
(1000¢) (1000¢) MMB/ B3so, Rebuildi Rebuilding  Selection
ng(1 yrs) (2yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 9.4(5.2,16.5) 8.1(4.3,14.3) 76.4(65,88.2) 0.001 0 0.16
2012 ] 10.2(5.3,17.3) 8.4(4.2,14.6) 80.4(68.2,96.1) 0.022 0.001 0.16
2013 | 15.4(7.6,22.9) 13(6.2,19.1) 86(77.3,130.6) 0.38 0.022 0.2
2014 | 20.8(10.4,40.2) 18.1(8.8,33.5) 116.2(84.4,200.3) 0.753 0.38 0.21
2015 | 26.4(10.6,117.8) | 23.2(9.1,104.7) 125.9(81.9,236.9) 0.819 0.745 0.26
2016 | 52.3(10.3,116.8) } 46.6(9,104.8) 121(76.7,246.4) 0.846 0.805 0.46
2017 ] 48.4(9.1,114.6) 42.6(7.9,102) 118.2(69.6,253.1) 0.88 0.832 0.46
2018 | 47.3(10.1,120.3) | 41.3(8.8,105.6) 120.3(63.8,261.9) 0.901 0.868 0.46
2019 | 49.6(9.9,123.2) 43.1(8.4,104.7) 120.8(62.6,276.1) 0.913 0.891 0.47
2020 | 47.6(9.1,129.2) 41.3(7.7,115.8) 118.8(61.4,280.6) 0.934 0.908 0.47
(e) Alternative 3, Option 3, Model 1, Additional uncertainty = 0.2, multiplier = 0.17, until rebuilt then
multiplier increased to 0.8.
Year ABC,, Cair Percent Prob Prob Full
(1000t) (1000t) MMB/ Bjiso, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 ]| 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 § 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 ] 5.6(3.2,9.5) 4.6(2.4,8.1) 78.9(67.7,90.8) 0.002 0 0.09
2012 ] 6.4(3.3,10.4) 5.2(2.5,8.6) 85.4(73.1,101) 0.061 0.002 0.09
2013 ] 9.8(4.8,13.9) 8(3.7,11.5) 103.4(85,139.3) 0.607 0.061 0.11
2014 | 12.7(6.7,60.1) 10.8(5.6,52.2) 127.5(94.7,208.6) 0.9 0.607 0.11
2015 ] 49(7.4,121.3) 44.3(6.3,108.2) 129.8(90.5,243.8) 0.924 0.89 0.41
2016 | 54.8(8.5,118.9) 48.9(7.3,105.4) 121.8(79.3,248.9) 0.941 0.912 0.5
2017 ] 49.9(8.8,115.4) 44(7.4,102.9) 117.1(69.7,264.5) 0.952 0.929 0.48
2018 | 48.5(9.5,121.6) 42.1(8.2,106.4) 119.5(62.6,263.5) 0.962 0.942 0.48
2019 | 49.9(9.3,121.2) 43.2(7.9,103.8) 118.9(60,278) 0.97 0.953 0.48
2020 | 47.3(9.1,127.3) 41.4(7.7,113) 118.7(59.2,283.5) 0.98 0.862 0.48
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(f) Alternative 4, Option 2, Model 1, Additional uncertainty = 0.2, multiplier = 0.41, until rebuilt then
multiplier increased to 0.8.

Year ABC,, Cair Percent Prob Prob Full
(1000t) (1000¢) MMB/ Bsse, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 | 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 | 11.5(6.4,20) 10(5.3,17.6) 74.9(63.5,86.7) 0 0 0.2
2012 | 12(6.3,21) 10(5.1,17.7) 77.9(65.4,93.5) 0.015 0 0.2
2013 ] 17.9(8.9,27.4) 16.1(7.3,23) 92.1(73.6,126) 0.288 0.015 0.24
2014 | 24.8(12,47.4) 21.8(10.4,39.6) 110.8(79.4,192.1) 0.678 0.288 0.26
2015 ] 29.7(11.8,114.3) | 26.1(10.3,101.4) | 123.1(77.3,230.3) 0.752 0.667 0.29
2016 | 49.5(11.2,116) 43.8(9.6,103.4) 119.4(72.6,243.8) 0.795 0.739 0.44
2017 | 47.1(9.6,114.1) 41.2(8.3,101.7) 118.7(67.1,250.2) 0.832 0.783 0.44
2018 | 47.1(10.4,119.9) | 40.7(9,105.3) 120.8(62.7,260.9) 0.863 0.82 0.45
2019 ] 48.9(10.2,122) 42.4(8.8,104.3) 120.4(61.9,276.1) 0.888 0.852 0.46
2020 | 46.5(9.2,130.2) 40.6(8,114.2) 118(61.1,282.1) 0.907 0.877 0.46
(g) Alternative 4, Option 3, Model 1, Additional uncertainty = 0.2, multiplier = 0.21, until rebuilt then
multiplier increased to 0.8.
Year ABC,, Car Percent Prob Prob Full
(1000t) (1000¢) MMB/ Bjse, Rebuildi Rebuilding  Selection
ng(l yrs) 2 yrs) Fishing
Mortality
2009 | 24.8(22.7,26.8) 21.8(20,23.6) 73.2(62.1,84.7) 0 0 0.42
2010 J 20.5(11.6,34.4) 18.1(10.1,30.5) 72.8(61.5,84.1) 0 0 0.34
2011 ] 6.7(3.7,11.5) 5.6(2.9,9.9) 78.3(66.8,90) 0.002 0 0.11
2012 | 7.5(3.9,12.3) 6.1(2.9,10.4) 83.9(71.7,99.4) 0.047 0.002 0.1
2013 ] 11.6(5.6,16.6) 9.5(4.5,13.7) 101(82.8,136.7) 0.536 0.047 0.13
2014 | 15(7.8,32.9) 12.9(6.5,27) 124.1(91.9,209.3) 0.862 0.536 0.14
2015 | 37.8(8.4,120.5) 33.9(7.1,106.8) 129.1(88.5,242.1) 0.903 0.851 0.35
2016 | 54.4(9.1,119) 48.2(7.8,106) 122(79.5,248.4) 0.918 0.889 0.49
2017 | 50.5(8.2,115) 44.7(7,102.3) 118.3(70,255.8) 0.938 0.804 0.48
2018 ] 48.4(9.7,121.4) 42(8.3,106.1) 119.7(64.2,263.6) 0.949 0.924 0.48
2019 | 49.8(9.1,121.2) 43.3(7.8,104.5) 119.6(60.9,277.5) 0.956 0.935 0.48
2020 | 47(8.9,127.6) 41.2(7.6,113.5) 119.2(60.2,281.9) 0.969 0.944 0.47
Crab ACLs and Rebuilding 10 May 2010

initial Review Draft




Table 7. Model 5 rebuilding for Alternatives 1-4 and Options 1, 2 and 3, rebuilding 2 years
in a row. Bisy, = 139,200 t. Fishing at 75%F35% in 2010/11. All projections have rebuilding
strategy (multiplier) in effect until rebuilt, then strategy switches to a 0.8 multiplier. Total

catch (ABC,) and retained catch (C,,) and fishing mortality are medians. Percent MMB at
mating relative to B35%. Values in parentheses are 90% CI. Probability of rebuilding for 1

AGENDA C-2(a)(5)
JUNE 2010

year above B35% and probability of rebuilding to 2 years in a row above B35%.

(a) Alternative 1, alternative 4 and Option | (multiplier = 0.75), Model 5, Additional uncertainty =
0.2. When rebuilt multiplier increased to 0.8.

Year ABC,, Cair Percent Prob Prob Full
(1000t) (1000¢) MMB/ Biso, Rebuildi Rebuilding  Selection
ng(l yrs) (2 yrs) Fishing
Mortality
2009 | 24.5(24.5,24.6) 21.7(21.7,21.7) 91.2(75.9,106.8) 0.181 0 0.45
2010 | 32.6(18.8,51.3) 28.9(16.6,45.4) 77.4(64,91.1) 0.181 0.002 0.69
2011 ] 23.1(13.6,36.3) 20.6(12.2,31.8) 70.7(57.7,85) 0.182 0.002 0.63
2012 | 19.9(11.1,33.8) 16.8(9.4,26.8) 72.5(57.5,95.4) 0.208 0.004 0.63
2013 ] 29.4(14.5,47.3) 23.9(12.4,36.5) 85.9(63.1,141) 0.379 0.037 0.78
2014 | 46.1(20.9,96.9) 38.3(18.3,77.7) 106(67.5,207.1) 0.646 0.262 0.87
2015 | 58.6(21.7,154.6) ] 49.9(19.2,133) 120.3(67.5,274.7) 0.744 0.572 0.9
2016 | 63.5(19.5,166.6) | 54.2(17.2,143.8) | 125.1(64.3,291.9) 0.789 0.663 0.93
2017 | 62.2(16.8,165.1) | 52.3(14.7,143.1) | 126.6(61.1,280.6) 0.818 0.716 0.91
2018 | 62.1(14.9,165.1) | 52.4(13.3,139.8) | 130.2(59.1,305) 0.844 0.7568 0.91
2019 | 62(14.9,162) 51.8(12.4,137.1) | 125.7(58.9,310.2) 0.864 0.792 0.92
2020 | 57.2(12.8,163.3) | 48.3(10.7,142.3) | 121.8(58.1,301.8) 0.883 0.817 0.91
(b) Alternative 2, Model 5, Additional uncertainty = 0.2. Directed catch = 0.0 (groundfish bycatch
extracted). When rebuilt multiplier increased to 0.8. ‘
Year ABC,, Car Percent Prob Prob Full
(1000t) (1000t) MMB/ B35, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortali
2009 | 24.5(24.5,24.6) 21.7(21.7,21.7) 91.2(75.9,106.8) 0.181 0 0.45
2010 | 32.6(18.8,51.3) 28.9(16.6,45.4) 77.4(64,91.1) 0.181 0.002 0.69
2011 } 0.5(0.4,0.7) 0(0,0) 87.6(74.1,101.5) 0.203 0.002 0.63
2012 ] 0.6(0.5,0.9) 0(0,0) 99.5(83,124.8) 0.508 0.082 0.63
2013 ] 0.8(0.6,54.3) 0(0,44.7) 123.1(97.3,183.9) 0.943 0.485 0.78
2014 | 1.3(0.7,131.8) 0(0,109.5) 146.3(102.9,229.6) 0.996 0.943 0.87
2015 | 83.8(0.9,167.7) 73.6(0,143.4) 136.5(85.7,280.8) 0.998 0.994 0.9
2016 | 72(27.4,171.4) 62.3(24.1,148) 131.8(73.1,286.3) 0.998 0.996 0.93
2017 | 64.3(19.3,167.9) | 54.6(16.9,145.1) | 129.3(64.3,294.5) 0.998 0.996 0.91
2018 1 63.1(16.1,166.2) | 53.4(13.9,140.7) | 131.8(60,307.2) 0.999 0.997 0.91
2019 | 63.2(15.8,162.2) | 52.7(13.1,138.1) | 128.3(60.3,314.5) 0.999 0.998 0.92
2020 ] 59.1(13.6,170) 49.6(11.7,143) 125.9(59.2,321.2) 0.999 0.998 0.91
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(c) Alternative 3, Model 5, Additional uncertainty = 0.2. Multiplier = 0.34. When rebuilt multiplier

increased to 0.8.

Year ABC,, Cair Percent Prob Prob Full
(1000t) (1000t) MMB/ B3so, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing

Mortality
2009 ] 24.5(24.5,24.6) 21.7(21.7,21.7) 91.2(75.9,106.8) 0.181 0 0.45
2010 | 32.6(18.8,51.3) 28.9(16.6,45.4) 77.4(64,91.1) 0.181 0.002 0.69
2011 | 13.3(7.6,22) 11.5(6.4,19) 77.9(65,92.2) 0.182 0.002 0.32
2012 | 13.6(7.2,22.2) 11.3(5.8,18.2) 83(67.4,106.8) 0.253 0.008 0.33
2013 ] 20.4(9.9,30.1) 16.6(8.1,23.8) 99.9(76.1,158.3) 0.562 0.105 04
2014 | 29.3(14.7,110.2) | 24.9(12.6,89.2) 127.6(84.8,228.4) 0.826 0.499 0.43
2015 | 48.9(16.3,165) 42.5(14.2,139.6) | 139.5(84.4,284.9) 0.886 0.802 0.64
2016 | 74(16.5,172.4) 64.3(14.4,149.3) | 134(79.2,297.3) 0.912 0.861 0.91
2017 | 66.5(14.7,167.2) | 56.2(12.7,143.9) | 132.8(70.9,294.9) 0.927 0.889 0.9
2018 | 63.6(14.5,166.2) | 54(12.5,142.2) 132.8(65.3,306.4) 0.936 0.809 0.9
2019 | 63.7(13.5,162.5) | 53.4(11.6,138.2) | 128.4(62.9,311.6) 0.947 0.918 0.91
2020 | 58.1(12.2,166.6) | 48.9(10.1,144.5) | 125.7(62.8,310.2) 0.957 0.93 0.9

(d) Alternative 3, Option 2, Model 5, Additional uncertainty = 0.2. Multiplier = 0.14. When rebuilt
multiplier increased to 0.8. '
Year ABC,, Car Percent Prob Prob Full
(1000t) (1000¢) MMB/ Bsso, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing

Mortality
2009 | 24.6(22.6,26.8) 21.8(20,23.7) 91.1(77,105.6) 0.181 0 0.45
2010 | 32.4(19.1,50.9) 28.9(16.9,44.9) 77.4(64.2,90.5) 0.181 0.002 0.69
2011 | 6.5(3.7,10.4) 5.4(2.9,8.8) 82.9(70,96.4) 0.185 0.002 0.14
2012 | 7.4(3.9,11.3) 6(2.9,9.2) 91.2(75.8,115.6) 0.306 0.022 0.15
2013 }10.7(5.5,16) 8.7(4.3,12.8) 111.9(87.5,172.5) 0.766 0.215 0.17
2014 | 15.4(8.4,124.8) 12.8(7.1,103.1) 143(99,237.6) 0.952 0.757 0.19
2015 | 81.7(10.7,167.7) ] 70.9(9.3,143) 141.6(95.4,279.3) 0.964 0.946 0.89
2016 | 74.2(16.1,172.1) | 64.7(14.1,147.6) | 134.4(79.6,299.2) 0.97 0.957. 0.96
2017 | 66.2(15,168.5) 56.4(13,144.7) 130.5(68.6,294.6) 0.979 0.964 0.93
2018 | 63.6(13.7,166.9) ] 53.7(11.9,141.4) | 132.6(62.4,306.3) 0.983 0.973 0.93
2019 | 63.8(13.4,162.3) ] 53.3(11.4,138) 128.5(61.1,313) 0.988 0.978 0.93
2020 | 58.8(12.4,168.4) | 49.4(10.5,142.4) | 125.6(59.5,315.5) 0.992 0.984 0.91
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(e) Alternative 3, Option 3, Model 5, Additional uncertainty = 0.2. Multiplier = 0.03. When rebuilt
multiplier increased to 0.8,

Year ABC,, Cuir Percent Prob Prob Full
(1000t) (1000¢) MMB/ Bsso, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.5(24.5,24.6) 21.7(21.7,21.7) 91.2(75.9,106.8) 0.181 0 0.45
2010 | 32.6(18.8,51.3) 28.9(16.6,45.4) 77.4(64,91.1) 0.181 0.002 0.69
2011 | 1.9(1.2,2.8) 1.3(0.7,2) 86.5(73.1,100.6) 0.198 0.002 0.03
2012 | 2.4(1.4,3.3) 1.5(0.7,2.3) 97.3(81.3,122.7) 0.452 0.06 0.04
2013 | 3.2(1.9,36) 2.1(1.1,31) 120.7(95,183.2) 0.911 0.418 0.04
2014 | 5(2.8,130.2) 3.7(1.9,108.5) 146.5(103.3,230.7) 0.992 0.911 0.05
2015 | 84.8(3.7,167.3) 74(2.8,143.1) 139.2(88,280.2) 0.994 0.99 0.95
2016 | 72.1(27.8,171) 62.7(24.7,147.7) | 133.3(74.1,297) 0.994 0.992 0.96
2017 | 64.6(19.6,167.8) | 54.7(17.1,144.9) | 129.2(64.8,294.4) 0.995 0.992 0.94
2018 ] 63.2(16.2,166.7) | 53.4(13.8,140.6) | 132.6(59.8,307.2) 0.997 0.994 0.93
2019 | 63.6(15.7,162.2) ] 53(13.1,138) 128.2(60.3,314.1) 0.998 0.996 0.93
2020 ] 59(13.5,169.4) 49.6(11.3,142.9) | 126(59.1,319.6) 0.998 0.997 0.92
(f) Alternative 4, Option 2, Model 5, Additional uncertainty = 0.2. Multiplier = 0.41. When rebuilt
multiplier increased to 0.8.
Year ABC,, Cair Percent Prob Prob Full
(1000t) (1000¢) MMB/ Bsse Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.5(24.5,24.6) 21.7(21.7,21.7) 91.2(75.9,106.8) 0.181 0 0.45
2010 { 32.6(18.8,51.3) 28.9(16.6,45.4) 77.4(64,91.1) 0.181 0.002 0.69
2011 | 15.4(8.8,25.1) 13.3(7.5,21.9) 76.4(63.5,90.6) 0.182 0.002 0.38
2012 | 15(8.2,25.1) 12.5(6.6,20.4) 80.6(65.2,104.2) 0.236 0.005 0.39
2013 } 22.7(11,33.8) 18.5(9.1,26.5) 96.8(73.1,154.6) 0.517 0.082 0.47
2014 | 33.3(16.2,103.9) | 28.1(14,83.7) 122.9(80.9,227.2) 0.792 0.435 0.51
2015 | 46.2(17.4,164.5) | 40.1(15.4,139.8) | 136.7(80.6,283.6) 0.861 0.758 0.65
2016 | 72.2(16.6,170.9) | 62.7(14.7,148.3) | 134.2(75.8,297.4) 0.886 0.832 0.89
2017 ] 65.4(15.4,166.7) | 55.9(13.2,145.4) | 132.2(70.1,294.7) 0.907 0.86 0.89
2018 | 63.3(14.6,166) 53.5(12.6,142) 132.4(64.4,306.3) 0.921 0.885 0.89
2019 ] 63.6(13.9,162.4) | 53.1(12,138) 128.6(62.6,310.7) 0.931 0.902 0.9
2020 | 57.9(12.2,165.8) | 48.9(10.2,145.5) | 124.5(62.1,308.4) 0.947 0.915 0.89
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(g) Alternative 4, Option 3, Model 5, Additional uncertainty = 0.2

multiplier increased to 0.8.

AGENDA C-2(a)(5)
JUNE 2010

. Multiplier = 0.21. When rebuilt

Year ABC,, Cair Percent Prob Prob Full

(1000t) (1000¢) MMB/ Bisy, Rebuildi  Rebuilding  Selection

ng(1 yrs) (2 yrs) Fishing
Mortality
2009 | 24.6(22.6,26.8) 21.8(20,23.7) 91.1(77,105.6) 0.181 0 0.45
2010 | 32.4(19.1,50.9) 28.9(16.9,44.9) 77.4(64.2,90.5) 0.181 0.002 0.69
2011 | 9.1(5.1,14.8) 7.7(4.2,12.8) 81(68.2,94.5) 0.182 0.002 0.21
2012 | 9.9(5.2,15.6) 8.2(4.1,12.9) 87.9(72.5,112.6) 0.274 0.016 0.22
2013 | 14.7(7.3,21.5) 12(5.9,17.5) 107.1(83.1,166.4) 0.684 0.167 0.25
2014 | 20.9(11,119.3) 17.7(9.5,97.8) 137.3(93.1,237.6) 0.915 0.66 0.27
2015 | 76.5(13.2,168.5) | 66(11.4,143.2) 141.7(93,287.6) 0.94 0.905 0.84
2016 | 74.2(15.3,172.8) | 64.7(13.6,150) 134.4(80.8,298.6) 0.953 0.932 0.94
2017 | 66.7(15.6,167.7) | 56.7(13.4,144.4) | 130.8(71.3,295.5) 0.961 0.946 0.92
2018 | 63.5(14.6,166.6) | 53.8(12.2,141.1) | 132.7(63.7,306.5) 0.968 0.954 0.92
2019 | 63.5(13.5,162.7) ] 53(11.7,138.6) 128.6(61.3,312.2) 0.977 0.861 0.92
2020 | 58.5(12.5,167.5) | 49.2(10.2,142.3) | 126(59.2,313.3) 0.985 0.972 0.91
Table 8. Model 5 rebuilding for Alternatives 1-4 and Options 1, 2 and 3, rebuilding 1 year.
Basy, = 139,200 t. Fishing at 75%F35% in 2010/11. All projections have rebuilding strategy
(multiplier) in effect until rebuilt, then strategy switches to a 0.8 multiplier. Total catch
(ABCyyy) and retained catch (Cq) and fishing mortality are medians. Percent MMB at
mating relative to B35%. Values in parentheses are 80% Cl. Probability of rebuilding for 1
year above B35% and probability of rebuilding to 2 years in a row above B35%.
(a) Alternative 1, alternative 4 and Option 1 (multiplier = 0.75), Model 5, Additional uncertainty =
0.2. When rebuilt multiplier increased to 0.8,

Year ABC,, Car Percent Prob Prob Full

(1000t) (1000t) MMB/ B3se, Rebuildi Rebuilding  Selection

, ng(1 yrs) 2 yrs) Fishing
Mortali

2009 | 24.5(24.5,24.6) 21.7(21.7,21.7) 91.2(75.9,106.8) 0.181 0 0.45
2010 | 32.6(18.8,51.3) 28.9(16.6,45.4) 77.4(64,91.1) 0.181 0.002 0.69
2011 | 23.1(13.6,36.3) 20.6(12.2,31.8) 70.7(57.7,85) 0.182 0.002 0.63
2012 | 19.9(11.1,33.8) 16.8(9.4,26.8) 72.5(57.5,95.4) 0.208 0.004 0.63
2013 | 29.4(14.5,47.3) 23.9(12.4,36.5) 85.9(63.1,141) 0.379 0.037 0.78
2014 | 46.1(20.9,96.9) 38.3(18.3,77.7) 106(67.5,207.1) 0.646 0.262 0.87
2015 | 58.6(21.7,154.6) | 49.9(19.2,133) 120.3(67.5,274.7) 0.744 0.572 0.9
2016 ] 63.5(19.5,166.6) | 54.2(17.2,143.8) | 125.1(64.3,291.9) 0.789 0.663 0.93
2017 | 62.2(16.8,165.1) | 52.3(14.7,143.1) | 126.6(61.1,290.6) 0.818 0.716 0.91
2018 [ 62.1(14.9,165.1) | 52.4(13.3,139.8) | 130.2(59.1,305) 0.844 0.758 0.91
2019 | 62(14.9,162) 51.8(12.4,137.1) | 125.7(58.9,310.2) 0.864 0.792 0.92
2020 | 57.2(12.8,163.3) | 48.3(10.7,142.3) | 121.8(58.1,301.8) 0.883 0.817 0.91
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(b) Alternative 2, Model 5, Additional uncertainty = 0.2. Directed catch = 0.0 (groundfish bycatch
extracted). When rebuilt multiplier increased to 0.8.

Year ABC,, Car Percent Prob Prob Full
(1000t) (1000¢) MMB/ Bsso, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing

Mortality
2009 | 24.5(24.5,24.6) 21.7(21.7,21.7) 91.2(75.9,106.8) 0.181 0 0.45
2010 ] 32.6(18.8,51.3) 28.9(16.6,45.4) 77.4(64,91.1) 0.181 0.002 0.69
2011 ] 0.5(0.4,0.7) 0(0,0) 87.6(74.1,101.5) 0.203 0.002 0.63
2012 | 0.6(0.5,0.9) 0(0,0) 99.5(83,124.8) 0.508 0.082 0.63
2013 | 0.8(0.6,54.3) 0(0,44.7) 123.1(97.3,183.9) 0.943 0.485 0.78
2014 | 1.3(0.7,131.8) 0(0,108.5) 146.3(102.9,229.6) 0.996 - 0.943 0.87
2015 | 83.8(0.9,167.7) 73.6(0,143.4) 136.5(85.7,280.8) 0.998 0.994 0.9
2016 | 72(27.4,171.4) 62.3(24.1,148) 131.8(73.1,296.3) 0.998 0.996 0.93
2017 | 64.3(19.3,167.9) | 54.6(16.9,145.1) | 129.3(64.3,294.5) 0.998 0.996 0.91
2018 | 63.1(16.1,166.2) | 53.4(13.9,140.7) |} 131.8(60,307.2) 0.999 0.997 0.91
2019 | 63.2(15.8,162.2) | 52.7(13.1,138.1) | 128.3(60.3,314.5) 0.999 0.998 0.92
2020 | 59.1(13.6,170) 49.6(11.7,143) 125.9(59.2,321.2) 0.999 0.998 0.91

(c) Alternative 3, Model 5, Additional uncertainty = 0.2. Multiplier = 0.42. When rebuilt multiplier
increased to0 0.8.
Year ABC,, Ciir Percent Prob Prob Full
(1000¢) (1000¢) MMB/ Bise, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing

Mortality
2009 } 24.6(22.6,26.8) 21.8(20,23.7) 91.1(77,105.6) 0.181 0 0.45
2010 | 32.4(19.1,50.9) 28.9(16.9,44.9) 77.4(64.2,90.5) 0.181 0.002 0.69
2011 | 15.6(9,25.4) 13.5(7.7,22.2) 76.2(63.5,90) 0.182 0.002 0.39
2012 | 15.2(8.3,25.4) 12.7(6.7,20.6) 80.3(64.8,103.9) 0.217 0.004 0.39
2013 | 22.9(11.2,34.3) 18.7(9.2,26.8) 96.4(72.7,154.2) 0.499 0.081 0.48
2014 | 33.8(16.4,103.6) | 28.5(14.2,83.5) 122.2(80.6,226.9) 0.781 0.428 0.52
2015 | 46.4(17.6,163.8) | 40.2(15.5,138.9) | 136.3(80,283.4) 0.856 0.753 0.66
2016 | 72(16.7,170.7) 62.6(14.8,148.1) | 133.9(75.2,297.2) 0.879 0.831 0.89
2017 | 65.4(15.6,166.7) | 55.9(13.3,145.4) | 131.8(69.9,294.4) 0.902 0.857 0.89
2018 | 63.3(14.6,165.7) | 53.4(12.6,141.9) | 132.4(64.1,305.7) 0.916 - 0.884 0.89
2019 | 63.5(14,162.4) 53.1(12.1,138) 128.4(62.5,310.9) 0.927 0.899 0.9
2020 | 57.8(12.2,165.6) | 48.8(10.3,145.3) | 124.4(62.1,308.2) 0.942 0.914 - 0.89
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(d) Alternative 3, Option 2, Model 5, Additional uncertainty = 0.2. Multiplier = 0.15. When rebuilt
multiplier increased to 0.8.

Year ABC,, Cair Percent Prob Prob Full
(1000¢) (1000¢) MMB/ Bsso, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing

Mortality
2009 | 24.6(22.6,26.8) 21.8(20,23.7) 91.1(77,105.6) 0.181 0 0.45
2010 | 32.4(19.1,50.9) 28.9(16.9,44.9) 77.4(64.2,90.5) 0.181 0.002 0.69
2011 ] 6.9(3.9,11) 5.7(3.1,9.4) 82.7(69.7,86.1) 0.184 0.002 0.15
2012 | 7.8(4.1,12) 6.4(3.1,9.8) 90.7(75.3,115.1) 0.298 0.021 0.16
2013 | 11.3(5.8,16.8) 9.2(4.6,13.5) 111.2(86.8,171.5) 0.751 0.205 0.18
2014 | 16.3(8.8,122.5) 13.6(7.5,102) 142.3(98.3,241.1) 0.947 0.741 0.2
2015 | 81(11.1,168.7) 70.3(9.6,143.1) 141.8(94.8,281.5) 0.962 0.94 0.89
2016 | 74.1(15.5,172.9) | 64.6(12.3,148.2) | 134.9(79.9,300.5) 0.968 0.954 0.96
2017 | 66.1(15.6,168.3) | 56.3(13.2,144.6) | 130.4(70,294.4) 0.974 0.962 0.93
2018 | 63.6(13.6,166.9) ] 53.8(11.8,141.3) | 132.8(62.5,306.3) 0.981 0.867 0.93
2019 ] 63.6(13.4,162.3) | 53(11.7,138) 128.2(61.1,312.9) 0.986 0.975 0.92
2020 | 58.7(12.4,168.2) |49.4(10.4,142.4) | 125.5(59.4,315.2) 0.991 0.983 0.91

(e) Alternative 3, Option 3, Model 5, Additional uncertainty = 0.2. Multiplier = 0.03. When rebuilt
multiplier increased to 0.8.
Year ABC,, Cair Percent Prob Prob Full
(1000¢) (1000¢) MMB/ Bjs, Rebuildi Rebuilding  Selection
ng(1 yrs) 2 yrs) Fishing

Mortality
2009 | 24.5(24.5,24.6) 21.7(21.7,21.7) 91.2(75.9,106.8) 0.181 0 0.45
2010 | 32.6(18.8,51.3) 28.9(16.6,45.4) 77.4(64,91.1) 0.181 0.002 0.69
2011 ] 1.9(1.2,2.8) 1.3(0.7,2) 86.5(73.1,100.6) 0.198 0.002 0.03
2012 | 2.4(1.4,3.3) 1.5(0.7,2.3) 97.3(81.3,122.7) 0.452 0.06 0.04
2013 | 3.2(1.9,36) 2.1(1.1,31) 120.7(95,183.2) 0.911 0.418 0.04
2014 | 5(2.8,130.2) 3.7(1.9,108.5) 146.5(103.3,230.7) 0.992 0.911 0.05
2015 | 84.8(3.7,167.3) 74(2.8,143.1) 139.2(88,280.2) 0.994 0.99 0.95
2016 | 72.1(27.8,171) 62.7(24.7,147.7) | 133.3(74.1,297) 0.994 0.992 0.86
2017 | 64.6(19.6,167.8) | 54.7(17.1,144.9) | 129.2(64.8,294.4) 0.995 0.992 0.94
2018 | 63.2(16.2,166.7) | 53.4(13.8,140.6} | 132.6(59.8,307.2) 0.997 0.994 0.93
2019 | 63.6(15.7,162.2) | 53(13.1,138) 128.2(60.3,314.1) 0.998 0.996 0.93
2020 ] 59(13.5,169.4) 49.6(11.3,142.9) | 126(59.1,319.6) 0.998 0.997 0.92
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multiplier increased to 0.8.
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. Multiplier = 0.47. When rebuilt

Year ABC,, Cair Percent Prob Prob Full
(1000t) (1000t) MMB/ Bjso, Rebuildi Rebuilding  Selection
ng(1 yrs) (2 yrs) Fishing

Mortality
2009 | 24.6(22.6,26.8) 21.8(20,23.7) 91.1(77,105.6) 0.181 0 0.45
2010 | 32.4(19.1,50.9) 28.9(16.9,44.9) 77.4(64.2,90.5) 0.181 0.002 0.69
2011 | 17(9.8,27.5) 14.7(8.5,24) 75.2(62.4,89.1) 0.182 0.002 0.43
2012 | 16.1(8.8,.27.1) 13.4(7.2,21.9) 78.8(63.4,102.3) 0.208 0.003 0.43
2013 | 24.3(11.9,36.8) 19.8(9.8,28.6) 94.2(70.8,151.8) 0.472 0.065 0.63
2014 | 36.3(17.4,96.5) 30.6(15,76.2) 119.1(77.9,223.3) 0.756 0.391 0.58
2015 | 48.5(18.5,165.4) | 41.7(16.4,141.1) | 134.7(77.6,282.6) 0.83 0.719 0.69
2016 | 70.5(17.4,169.7) | 61.6(15.1,147.1) | 133.3(73.6,296) 0.867 0.793 0.87
2017 | 65.2(15.8,166.4) | 55.6(13.6,145.2) | 130.8(69.2,293.4) 0.89 0.832 0.87
2018 | 62.6(15.2,167) 53.3(13,141.8) 133(63.6,306.4) 0.804 0.864 0.88
2019 | 63.1(14.2,162.3) | 53.1(12.1,138) 128.8(62.2,310.4) 0.917 0.881 0.89
2020 | 57.6(12.3,166) 48.7(10.5,144.3) | 124.3(61.5,307) 0.935 0.897 0.88

(g) Alternative 4, Option 3, Model 5, Additional uncertainty = 0.2. Multiplier = 0.22. When rebuilt
multiplier increased to 0.8.
Year ABC,, Ciir Percent Prob Prob Full
(1000¢) (1000¢) MMB/ Bise, Rebuildi Rebuilding  Selection
ng(l yrs) (2 yrs) Fishing

Mortality
2009 | 24.6(22.6,26.8) 21.8(20,23.7) 91.1(77,105.6) 0.181 0 0.45
2010 | 32.4(19.1,50.9) 28.9(16.9,44.9) 77.4(64.2,80.5) 0.181 0.002 0.69
2011 ] 9.4(5.3,15.3) 8(4.4,13.3) 80.8(68,94.2) 0.182 0.002 0.22
2012 ] 10.2(5.4,16.1) 8.5(4.3,13.4) 87.5(72.2,112.2) 0.269 0.015 0.23
2013 | 15.2(7.6,22.1) 12.4(6.1,18) 106.5(82.6,166) 0.664 0.158 0.27
2014 ] 21.7(11.3,117) 18.3(9.7,96.5) 136.3(92.4,238.5) 0.911 0.637 0.29
2015 | 74.2(13.5,168.3) | 64.8(11.7,144.2) | 141.5(92.4,287.4) 0.937 0.899 0.81
2016 | 74.5(14.9,172.7) |65.2(13.3,149.9) | 135.3(80.5,298.3) 0.952 0.927 0.94
2017 | 66.7(15.5,167.6) | 56.7(13.5,144.3) | 131(71,295.5) 0.961 0.942 0.92
2018 | 63.4(14.5,166.6) | 54(12.2,141) 132.8(63.6,306.3) 0.968 0.951 0.92
2019 | 63.7(13.5,162.7) | 53(11.7,138.5) 128.6(61.5,312.1) 0.976 0.958 0.92
2020 | 58.4(12.5,167.4) | 49.1(10.4,142.3) | 125.9(59.1,313.9) 0.985 0.968 0.91
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Figure 1. Model 1 projected retained catch for Alternative 1 (75% F35% CR),
Alternative 2 (directed catch = 0.0), and Alternative 3 (62% F35% CR, 50% rebuilding (2
yr) 2015/16).
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Figure 2. Model 1 projected percent MMB/B35% for Alternative 1 (75% F35% CR),
Alternative 2 (directed catch = 0.0), and Alternative 3 (62% F35% CR, 50% rebuilding (2
yr) 2015/16).
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Figure 3 . Model 5 projected retained catch for Alternative 1 (75% F35% CR),
Alternative 2 (directed catch = 0.0), and Alternative 3 (34% F35% CR, 50% rebuilding (2

yr) 2015/16).
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Figure 4 . Model 5 projected percent MMB/B35% for Alternative 1 (75% F35% CR),
Alternative 2 (directed catch = 0.0), and Alternative 3 (34% F35% CR, 50% rebuilding (2

yr) 2015/16).
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Bering Sea Snow Crab ACL and Rebuilding Alternatives Supplemental Economic
Analysis
B. Garber-Yonts
Alaska Fisheries Science Center
Seattle, WA
June 2, 2010

This document presents summary results from economic forecast analysis of Bering Sea snow
crab ACL and rebuilding alternatives presented in the Environmental Assessment Initial Draft,
prepared for the June, 2010 North Pacific Fishery Management Council and other supplementary
documents.

Economic implications of both ACL and rebuilding alternatives are presented in terms of the
forecasted first wholesale revenue associated with stock projection directed catch forecasts. All
results presented below are based on directed catch forecasts produced using the defauit level of

additional uncertainty for Tier 2 crab stocks (65=0.2) combined with probabilistic price
forecasts using an econometric time series model of prices in the Alaska king and snow crab
fisheries and in the domestic crab import market, as detailed in Chapter 3 of the Draft EA.

ACL Alternatives

The medium term (2009-2014) economic impacts of ACL fixed buffer and P* alternatives are
summarized in Tables 1 a-b. As noted in the EA, increasing the size of the buffer (i.e., decreasing
multiplier from 1.0 to 0.1) produces a lower probability of overfishing at the cost of substantially
lower annual catches, particularly during earlier years. This translates into lower gross eamings in
the fishery in the medium term. Tables 1 (a) and (b) present the median and 90% confidence
intervals for present value of total annual revenues produced from the annual directed catch
projected for the ACL alternatives over the period 2009-2014, and the comparative economic
effects of alternatives in foregone revenue relative to a baseline scenario of zero buffer. Results
are shown for scenarios that apply the SOA control rule as an upper bound on TAC (Table 1 (a)),
and scenarios without the SOA control rule (Table 1 (b)). Results of economic comparisons
between ACL alternatives resulting from catch projections constrained by the SOA control rule
indicate potential foregone mid-term revenues in the snow crab fishery range from $3 million
present value (r=2.6%) at the 0.1 buffer level, to $496 million present value at the 0.9 buffer
level, representing a range of 1% to 66% reduction relative to the baseline alternative. The same
range of fixed buffer alternatives depicted in Table 1 (b) without the effect of the SOA control
rule range from 1% to 69% reduction from baseline revenue. Note that the SOA control rule
remains in effect as the protocol for TAC-setting, however, the potential foregone revenues that
could result from the ACL alternatives would increase substantially relative to a baseline scenario
of zero buffer, with the ABC as the binding constraint on TAC rather than the SOA control rule.
Note that this “baseline” does not represent the status quo alternative, but is intended to provide a
representation of the effects of ACL alternatives under potential future decision-making scenarios
where the SOA control rule is no longer binding. It should be noted that this comparison does not
indicate that costs of ACL’s would be higher in the event that the SOA rule was not applied,
rather that the SOA rule effectively represents a buffer in itself, and results in foregone catch and
revenues relative to the least conservative ACL alternatives under consideration.
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Economic results of ACL alternatives over the long term (2009-2038) are represented in
Table 2 (a) and (b). Results of economic comparisons between ACL alternatives resulting
from catch projections constrained by the SOA control rule indicate potential foregone
long-term revenues in the snow crab fishery range from $31 million present value
(r=2.6%) at the 0.1 buffer level, to $3.5 billion present value at the 0.9 buffer level. The
same range of fixed buffer alternatives depicted in Table 1 (b) without the effect of the
SOA control rule range from $107 million present value (r=2.6%) at the 0.1 buffer level,
to $3.8 billion present value at the 0.9 buffer level.

It is important to note the large range of uncertainty in the revenue figures, particularly
over the long range. The figures described above represent median values in a broad
distribution of potential outcomes, and should not be interpreted as predicted values for
purposes other than to support a comparative evaluation of the ACL alternatives, and the
proportional description of potential changes from baseline alternatives are likely more
illustrative in this regard. It should also be noted that the relative economic effects of the
ACLs are not qualitatively different between the mid- and long-term, nor do alternative
discount rates appreciably change the relative ranking of alternatives in terms of
economic outcomes. This is largely due to the effect of the constancy of the buffer in the
model projections, in both the buffer and P* scenarios. With fixed buffers, which are not
responsive to changes in the stock status, there is little change in the timing of harvest
over the period of analysis. That is, none of the alternatives under consideration
implement different buffers over time according to stock conditions, and thus the timing
of relative economic benefits from the fishery across the time horizon are not appreciably
different under the alternatives analyzed.

Rebuilding Alternatives

Tables 3(a) to 3(1) present economic forecasts of revenue implications for rebuilding
alternatives. All figures represent year 2012 as the base year for rebuilding plan
implementation, and results are presented as the total present value of revenue forecasts
discounted to 2009 value, associated with catch forecasts over five-, ten- and fifteen-year
periods (2012-2016, 2012-2021, and 2012-2026, respectively). Results are presented for
two alternative stock projection model specifications and using both one- and two-years
as the required threshold for stocks to attain a rebuilt status. Model specifications and
rebuilding alternatives are described in Turnock, Bering Sea Snow Crab Rebuilding
Alternatives Supplemental Table and Figures May 28, 2010).

Figure 1 depicts the relative economic implications of rebuilding alternatives across three
time periods for Model 1, assuming a 2-year rebuilding threshold. In both the five- and
ten-year periods, Alternative 2 (which achieves the most rapid rebuilding) imposes the
largest loss in potential revenue relative to the no-action alternative (Alternative 4 (Tend)
and Option 1 both implement the same 0.25 buffer level as the baseline alternative). Note
that over the 10-year period, relative economic impacts of alternatives that rebuild the
stock more rapidly than the baseline are diminished due to larger retained catch in the
later part of the period, with the value of foregone revenue in the short-term weighted
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more heavily with increasing discount rate from 0% to 7%. Over the 15-year period,
benefits of more rapid rebuilding result in net gains in revenues over the baseline
alternative, indicated in the lower panel of Figure 1 as negative foregone revenue for
r=0% and 2.7%. The effect of discounting is particularly critical in the context of
rebuilding alternatives due to the difference in relative weight of near-term versus late-
term benefits and costs implicit in different discount rates. Since the rebuilding
alternatives trade-off rapid rebuilding and later-term gains in larger ABC’s versus slower
rebuilding and larger near-term ABC’s, lower discount rates will place greater weight on
the long-term benefits of rapid rebuilding.

Figure 2 depicts the relative effects of model specification and a rebuilding threshold of
one- versus two-years to attain rebuild status. The slower rebuilding response indicated
by the Model 5 specification results in forecasts of greater foregone revenue values over
the longer-term.
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Table 1: Summary of medium-term economic impacts of a subset of the ACL alternatives relative to baseline alternative for Eastern
Bering Sea snow crab. Economic impacts are estimated as discounted present value of forecasted gross first wholesale revenues over the

five year period 2009-2014, and differences in revenues relative to status-quo baseline, incorporating effects of additional uncertainty, o, .

Point estimates are medians and ranges are 90% confidence intervals.
(a) Results reflect the effect of the SOA control rule as a constraint.

Present Value of Total Revenue, 2009-2014

Difference in Gross Revenue Relative to Baseline

Alternative, Buffer=0, o, =0.2

($ Million)
($ Million)
Buffer
O,  Level r=0 r=2.7% r=7.0% r=0 =2.7% =7.0% % Change
0.2 0 817.3(3883,1448.7) 763.4(367.4,1332.1) 691.9(338.8,1180.3) 0 0 0 0%
0.2 0.1 812.9(385,1425.6)  760.1(364.1,1311.2) 686.4(334.4,1164.9) 4 3 6 1%
0.2 0.2 800.8(368.5,1384.9) 748(350.9,1273.8) 677.6(325.6,1127.5) 17 15 14 2%
0.2 0.3 777.7(354.2,1318.9) 727.1(335.5,1218.8) 657.8(309.1,1085.7) 40 36 34 5%
0.2 0.4 735.9(333.3,1240.8) 688.6(315.7,1156.1) 623.7(292.6,1036.2) 81 75 68 10%
0.2 0.5 677.6(309.1,1140.7) 633.6(293.7,1060.4) 575.3(270.6,951.5) 140 130 117 17%
0.2 0.6 603.9(280.5,1015.3) 566.5(266.2,943.8)  512.6(245.3,849.2) 213 197 179 26%
0.2 0.7 513.7(244.2,864.6)  484(232.1,804.1) 440(215.6,723.8) 304 279 252 37%
0.2 0.8 408.1(196.9,673.2) 383.9(188.1,629.2) 353.1(176,572) 409 380 339 50%
0.2 0.9 280.5(139.7,440) 267.3(135.3,415.8)  249.7(129.8,385) 537 496 442 66%
P*
Oy Level =0 r=2.7% r=7.0% r=0 =2.7% r=7.0% % Change _
0.2 0.4 815.1(385,1448.7)  761.2(364.1,1332.1) 688.6(337.7,1177) 2 2 3 0%
0.2 0.3 811.8(385,1416.8)  759(363,1303.5) 685.3(334.4,1163.8) 6 4 7 1%
0.2 02 801.9(374,1393.7)  748(352,1282.6) 677.6(326.7,1130.8) 15 15 14 2%
0.2 0.1 781(355.3,1327.7)  730.4(336.6,1224.3) 660(310.2,1089) 36 33 32 4%
4



(b): Results are exclusive of SOA control rule effect.
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Present Value of Total Revenue, 2009-2014

Difference in Gross Revenue Relative to Baseline

Alternative, Buffer=0, o, =0.2

($ Million)
($ Million)
Buffer

O Level r=0 r=2.7% r=7.0% r=0 r=2.7% r=7.0% % Change
0.2 910.8(421.3,1563.1 852.5(399.3,1456.4

0 ) ) 770(369.6,1287) 0 0 0 0%
0.2 876.7(403.7,1508.1  817.3(382.8,1383.8  738.1(353.1,1227.6

0.1 ) ) ) 34 35 319 4%
0.2 834.9(383.9,1423.4  779.9(365.2,1312.3  705.1(335.5,1173.7

02 ) ) ) 76 73 64.9 8%
0.2 667.7(315.7,1109.9

0.3 788.7(363,1333.2)  738.1(345.4,1243) ) 122 114 102.3 13%
0.2 738.1(338.8,1248.5  690.8(322.3,1158.3  625.9(294.8,1036.2

04 ) ) ) 173 162 144.1 19%
0.2 677.6(312.4,1140.7  633.6(295.9,1060.4

0.5 ) ) 575.3(271.7,951.5) 233 219 194.7 26%
0.2 603.9(280.5,1015.3

0.6 ) 566.5(266.2,943.8)  512.6(245.3,849.2) 307 286 257.4 34%
0.2 0.7 513.7(244.2,864.6) 484(232.1,804.1)  440(215.6,723.8) 397 369 330 44%
0.2 0.8 408.1(196.9,673.2) 383.9(188.1,629.2) 353.1(176,572) 503 469 4169 55%
0.2 0.9 280.5(139.7,440)  267.3(135.3,415.8) 249.7(129.8,385) 630 585 520.3 69%

P* _

Ob  Level r=0 =2.7% r=7.0% r=0 r=2.7% r=7.0% % Change
0.2 897.6(413.6,1541.1

04 ) 840.4(392.7,1430)  757.9(363,1265) 13 12 12 1%
0.2 872.3(401.5,1499.3  812.9(380.6,1372.8

03 ) ) 734.8(350.9,1221) 39 40 35 4%
0.2 0.2 840.4(386.1,1433.3 783.2(367.4,1320)  709.5(337.7,1180.3 70 69 61 8%
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Table 2: Summary of long-term economic impacts of a subset of the ACL alternatives relative to baseline alternative for Eastern Bering
Sea snow crab. Economic impacts are estimated as discounted present value of forecasted gross first wholesale revenues over the five year

period 2009-2014, and differences in revenues relative to status-quo baseline, incorporating effects of additional uncertainty, o, . Point

estimates are medians and ranges are 99% confidence intervals.
(a) Results reflect the effect of the SOA control rule as a constraint.

Present Value of Total Revenue, 2009-2014

Difference in Gross Revenue Relative to Baseline
Alternative, Buffer=0, o, =0.2

($ Million)
($ Million)
Buffer

Os  Level =0  r=27% r=7.0% =0 =2.7% r=7.0% % Change
0.2 7977.2(1785.3,19241.2  5297.6(1314.5,12438.8

0 ) ) 3085.5(826.1,7007) 0 0 0 0%
0.2 7921.1(1753.4,19137.8  5266.8(1301.3,12266.1

0.1 ) 3062.4(812.9,6919) 56 31 23 1%
0.2 7796.8(1741.3,18965.1  5176.6(1278.2,12061.5 3015.1(790.9,6736.4

02 ) ) ) 180 121 70 2%
0.2 7615.3(1690.7,18393.1 2911.7(763.4,6583.5

03 ) 5060(1230.9,11730.4) ) 362 238 174 5%
0.2 7357.9(1585.1,17694.6  4856.5(1147.3,11315.7

04 ) ) 2794(729.3,6259) 619 441 292 8%
0.2 4592.5(1068.1,10568.8

0.5 6956.4(1474,16766.2) ) 2601.5(689.7,5819) 1021 705 434 13%
0.2 0.6 6360.2(1332.1,15158)  4203.1(961.4,9628.3)  2365(613.8,5281.1) 1617 1095 721 20%
0.2 5520.9(1147.3,13106.5 2037.2(534.6,4522.1

0.7 ) 3646.5(817.3,8287.4) ) 2456 1651 1048 31%
0.2 1600.5(430.1,3511.2

0.8 4357.1(899.8,10309.2) 2863.3(634.7,6421.8) ) 3620 2434 1485 45%
0.2 0.9 2677.4(555.5,6206.2)  1750.1(396,3868.7) 991.1(271.7,2134) 5300 3548 2094 66%
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P*

O Level =0 r=2.7% r=7.0% =0 =2.7% __ r=7.0% % Change
0.2 7977.2(1785.3,19241.2  5297.6(1314.5,12438.8

04 ) ) 3085.5(826.1,7007) 0 0 0 0%
0.2 7921.1(1753.4,19137.8  5266.8(1301.3,12266.1

03 ) ) 3062.4(812.9,6919) 56 31 23 1%
0.2 7796.8(1741.3,18965.1  5176.6(1278.2,12061.5 3015.1(790.9,6736.4

02 ) ) ) 180 121 70 2%
0.2 7615.3(1690.7,18393.1 2911.7(763.4,6583.5

0.1 ) 5060(1230.9,11730.4) ) 362 238 174 5%




(b): Results are exclusive of SOA control rule effect.
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Present Value of Total Revenue, 2009-2014

Difference in Gross Revenue Relative to Baseline
Alternative, Buffer=0, o, =0.2

($ Million)
(3 Million)
Buffer

O Level r=0 r=2.7% r=7.0% r=0 r=2.7% r=7.0% % Change
0.2 0 8288.5(1833.7,19769.2) 5512.1(1383.8,12832.6) 3234(883.3,7275.4) 0 0 0 0%
0.2 0.1 8129(1791.9,19442.5) 5405.4(1339.8,12507)  3154.8(853.6,7134.6) 160 107 79 2%
0.2 0.2 7942(1751.2,19104.8)  5274.5(1295.8,12229.8) 3059.1(816.2,6923 .4) 347 238 175 4%
0.2 0.3 7722(1683,18569.1) 5108.4(1222.1,11838.2) 2943.6(784.3,6637.4) 567 404 290 7%
0.2 0.4 7392(1582.9,17835.4)  4889.5(1147.3,11359.7) 2790.7(745.8,6298.6) 897 623 443 11%
0.2 0.5 6975.1(1474,16766.2)  4601.3(1069.2,10597.4) 2600.4(689.7,5846.5) 1313 911 634 16%
0.2 0.6 6360.2(1332.1,15158)  4206.4(961.4,9655.8) 2365(613.8,5281.1) 1928 1306 869 23%
0.2 0.7 5520.9(1147.3,13106.5) 3650.9(817.3,8287.4)  2037.2(536.8,4522.1) 2768 1861 1197 33%
0.2 0.8 4357.1(899.8,10309.2) 2864.4(634.7,6421.8) 1600.5(430.1,3511.2) 3931 2648 1634 47%
0.2 0.9 2677.4(555.5,6206.2) 1750.1(396,3868.7) 991.1(271.7,2134) 5611 3762 2243 68%

T P* Level r=0 r=2.7% r=1.0% r=0 r=2.7% r=7.0% % Change _
0.2 04 8236.8(1817.2,19668)  5474.7(1367.3,12670.9) 3205.4(872.3,7222.6) 52 37 29 1%
0.2 0.3 8107(1785.3,19407.3)  5386.7(1334.3,12475.1) 3142.7(849.2,7113.7) 182 125 91 2%
0.2 0.2 7966.2(1755.6,19154.3) 5289.9(1301.3,12265)  3070.1(820.6,6949.8) 322 222 164 4%
0.2 0.1 7741.8(1690.7,18618.6) 5127.1(1227.6,11874.5) 2954.6(786.5,6664.9) 547 385 279 7%




AGENDA C-2(a)(6)
JUNE 2010

Table 3. Summary of economic impacts of snow crab rebuilding alternatives over 5-, 10-, and 15-year periods, with results from stock
projection Model 1 and Model 5 and assuming 1-year and 2-year thresholds for rebuilding. Economic impacts are estimated as
discounted present value of forecasted gross first wholesale revenues over the five year period 2012-2016, and differences in revenues
relative to no-action baseline. Point estimates are medians and ranges are 90% confidence intervals. Results are shown for alternative
discount rates r=0.0%, 2.7%, and 7.0%.

(a) Five-year (2012-2016) Economic forecasts, using Stock Projection Model 1, 2-year rebuilding threshold

st o
Total Presentl:; frleu:u‘;ts' 1" Wholesale Potential Foregone Revenue, Total Present Value and
Alternative | Buffer 2011-2016 (SMillion) Percent Decrease, Relative to Alternative 1 Baseline,
r=0.0 r=2.7% r=7.0% r=0.0 r=2.7% r=7.0%
Alternative 1
(no action) 0.25 | 871(219,2013) | 758(195,1720) | 616(160,1367) 0 0% 0 0% 0 0%
Alternative 2
(Twvmy) 1 | 591(56,1747) | 503(53,1484) | 393(46,1157) 280 32% 255 34% 223 36%
Alternative 3 0.38 | 823(208,1971) | 723(183,1678) | 581(152,1315) 48 6% 35 5% 35 6%
Alternative 3-
Option 2 0.69 | 665(159,1822) | 579(135,1547) | 469(110,1194) 206 24% 179 24% 147 24%
Alternative 3-
Option3 | 0.844 | 623(117,1765) | 535(102,1482) | 428(83,1143) 248 28% 223 29% 188 31%
Alternative 4
(Tend) 0.25 | 871(219,2013) | 758(195,1720) | 616(160,1367) 0 0% 0 0% 0 0%
Alternative 4-
Option 2 0.61 | 707(168,1844) | 613(146,1568) | 497(122,1228) 164 19% 145 19% 119 19%
Alternative 4- ;
Option 3 0.8 | 642(135,1783) | 553(118,1501) | 436(94,1155) 229 26% 205 27% 180 29%
Option 1 0.25 | 871(219,2013) | 758(195,1720) | 616(160,1367) 0 0% 0 0% 0 0%
10




(b) Five-year (2012-2016) Economic forecasts, using Stock Projection Model 1, 1-year rebuilding threshold

)

AGENDA C-2(a)(6)

JUNE 2010

st
Total PresentI:’e t‘::uzgl Wholesale Potential Foregone Revenue, Total Present Value and
Alternative | Buffer 2011-2016 ($Million) Percent Decrease, Relative to Alternative 1 Baseline,
r=0.0 =2.7% r=7.0% r=0.0 =2.7% 1=7.0%
Alternative 1
(no action) 0.25 | 871(219,2013) | 758(195,1720) | 616(160,1367) 0 0% 0 0% 0 0%
Alternative 2
(Tmm) 1 | 591(56,1747) | 503(53,1484) | 393(46,1157) 280 32% 255 34% 223 36%
Alternative 3 0.36 | 835(210,1979) | 731(186,1688) | 588(155,1328) 36 4% 27 4% 28 5%
Alternative 3-
Option 2 0.68 | 670(156,1816) | 582(135,1534) | 472(112,1196) 201 23% 176 23% 144 23%
Alternative 3-
Option 3 0.83 | 629(124,1775) | 541(108,1486) | 432(87,1152) 242 28% 217 29% 184 30%
Alternative 4
(Tend) 0.25 | 871(219,2013) | 758(195,1720) | 616(160,1367) 0 0% 0 0% 0 0%
Alternative 4-
Option 2 0.59 | 717(174,1854) | 621(149,1589) | 507(126,1238) 154 18% 137 18% 109 18%
Alternative 4- }
Option 3 0.79 | 647(138,1791) | 552(122,1508) | 437(94,1162) 224 26% 206 27% 179 29%
Option 1 0.25 | 871(219,2013) | 758(195,1720) | 616(160,1367) 0 0% 0 0% 0 0%
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(c) Five-year (2012-2016) Economic forecasts, using Stock Projection Model 5, 2-year rebuilding threshold

AGENDA C-2(a)(6)
JUNE 2010

Total Present Value of 1*¥ Wholesale Revenues

2011-2016 ($Million)

Potential Foregone Revenue, Total Present Value and
Percent Decrease, Relative to Alternative 1 Baseline,

Alternative | Buffer
r=0.0 r=2.7% r=7.0% r=0.0 r=2.7% r=7.0%
Alternative 1
(no action) 0.25 | 1168(285,2955) | 1025(251,2503) | 830(207,1975) 0 0% 0 0% 0 0%
Alternative 2
(Tvmy) 1]1918(117,2738) | 775(109,2336) | 608(82,1823) 250 21% 250 24% 222 27%
Alternative 3 0.66 | 975(224,2789) | 852(195,2383) | 681(156,1867) 193 17% 173 17% 149 18%
Alternative 3-
Option 2 0.86 | 919(157,2719) | 791(132,2326) | 628(112,1822) 249 21% 234 23% 202 24%
Alternative 3-
Option 3 097 | 918(131,2752) | 783(117,2350) | 614(93,1844) 250 21% 242 24% 216 26%
Alternative 4
(Tend) 0.25 | 1168(285,2955) | 1025(251,2503) | 830(207,1975) 0 0% 0 0% 0 0%
Alternative 4-
Option 2 0.59 | 1013(238,2821) | 878(208,2395) | 708(170,1866) 155 13% 147 14% 122 15%
Alternative 4-
Option 3 0.79 | 948(190,2729) | 812(167,2319) | 647(136,1819) 220 19% 213 21% 183 22%
Option 1 0.25 | 1168(285,2955) | 1025(251,2503) | 830(207,1975) 0 0% 0 0% 0 0%
12




(d) Five-year (2012-2016) Economic forecasts, using Stock Projection Model 5, 1-year rebuilding threshold

)

AGENDA C-2(a)(6)
JUNE 2010

Total Present Value of 1* Wholesale Revenues Potential Foregone Revenue, Total Present Value and
. 2011-2016 ($Million) Percent Decrease, Relative to Alternative 1 Baseline,
Alternative | Buffer
r=0.0 r=2.7% r=7.0% r=0.0 r=2.7% r=7.0%
Alternative 1
(no action) 0.25 | 1168(285,2955) | 1025(251,2503) | 830(207,1975) 0 0% 0 0% 0 0%
Alternative 2
(Tmin) 1]918(117,2738) | 775(109,2336) | 608(82,1823) 250 21% 250 24% 222 27%
Alternative 3 0.58 | 1017(242,2825) | 884(210,2398) { 713(173,1871) 151 13% 141 14% 117 14%
Alternative 3-
Option 2 0.85 | 928(160,2714) | 794(134,2326) | 627(113,1816) 240 21% 231 23% 203 24%
Alternative 3-
Option 3 0.97 | 918(131,2752) | 783(117,2350) | 614(93,1844) 250 21% 242 24% 216 26%
Alternative 4
(Tend) 0.25 | 1168(285,2955) | 1025(251,2503) | 830(207,1975) 0 0% 0 0% 0 0%
Alternative 4-
Option 2 0.53 1 1044(252,2826) | 898(218,2400) | 734(181,1864) 124 11% 127 12% 96 12%
Alternative 4-
Option 3 0.78 | 953(194,2732) | 818(170,2322) | 650(137,1812) 215 18% 207 20% 180 22%
Option 1 0.25 ] 1168(285,2955) | 1025(251,2503) | 830(207,1975) 0 0% 0 0% 0 0%
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(¢) Ten-year (2012-2021) Economic forecasts, using Stock Projection Model 1, 2-year rebuilding threshold

AGENDA C-2(a)(6)

JUNE 2010

Total Present Value of 1* Wholesale Revenues
2011-2016 ($Million)

Potential Foregone Revenue, Total Present Value and
Percent Decrease, Relative to Alternative 1 Baseline,

Alternative | Buffer
r=0.0 r=2.7% r=7.0% r=0.0 r=2.7% r=7.0%
Alternative 1
(no action) 0.25 | 2414(611,6470) | 1941(514,5147) | 1407(384,3557) 0 0% 0 0% 0 0%
Alternative 2
(Tvm) 1 | 2290(450,6455) | 1799(370,5093) | 1263(260,3491) 124 5% 142 7% 144 10%
Alternative 3 0.38 | 2399(593,6549) | 1925(506,5194) | 1406(366,3592) 15 1% 16 1% 1 0%
Alternative 3-
Option 2 0.69 | 2336(483,6458) | 1849(392,5139) | 1313(300,3523) 78 3% 92 5% 94 7%
Alternative 3-
Option 3 | 0.844 | 2326(425,6377) | 1831(344,5076) | 1302(253,3538) 88 4% 110 6% 105 7%
Alternative 4
(Tend) 0.25 | 2414(611,6470) | 1941(514,5147) | 1407(384,3557) 0 0% 0 0% 0 0%
Alternative 4-
Option 2 0.61 | 2354(502,6489) | 1865(434,5172) | 1327(333,3558) 60 2% 76 4% 80 6%
Alternative 4-
Option 3 0.8 | 2335(443,6402) | 1841(355,5081) | 1298(267,3548) 79 3% 100 5% 109 8%
Option 1 0.25 | 2414(611,6470) | 1941(514,5147) | 1407(384,3557) 0 0% 0 0% 0 0%
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(f) Ten-year (2012-2021) Economic forecasts, using Stock Projection Model 1, 1-year rebuilding threshold

)

AGENDA C-2(a)(63

JUNE 2010

Total Present Value of 1 Wholesale Revenues
2011-2016 ($Million)

Potential Foregone Revenue, Total Present Value and
Percent Decrease, Relative to Alternative 1 Baseline,

Alternative | Buffer

r=0.0 r=2.7% =7.0% r=0.0 r=2.7% r=7.0%

Alternative 1
(no action) 0.25 ]| 2414(611,6470) | 1941(514,5147) | 1407(384,3557) 0 0% 0 0% 0 0%

Alternative 2
(Tum) 1 §2290(450,6455) | 1799(370,5093) | 1263(260,3491) 124 5% 142 7% 144 10%
Alternative 3 0.36 | 2406(598,6555) | 1932(511,5202) | 1409(372,3598) 8 0% 9 0% -2 0%

Alternative 3-
Option 2 0.68 | 2338(488,6461) | 1847(398,5143) | 1317(306,3528) 76 3% 94 5% 90 6%

Alternative 3-
Option 3 0.83 | 2325(429,6385) | 1835(346,5080) | 1303(263,3541) 89 4% 106 5% 104 7%

Alternative 4
(Tend) 0.25 | 2414(611,6470) | 1941(514,5147) | 1407(384,3557) 0 0% 0 0% 0 0%

Alternative 4-
Option 2 0.59 | 2349(512,6497) | 1868(438,5178) | 1322(340,3564) 65 3% 73 4% 85 6%

Alternative 4- )

Option 3 0.79 | 2338(443,6407) | 1843(360,5087) | 1297(267,3551) 76 3% 98 5% 110 8%
Option 1 0.25 | 2414(611,6470) | 1941(514,5147) | 1407(384,3557) 0 0% 0 0% 0 0%
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(g) Ten-year (2012-2021) Economic forecasts, using Stock Projection Model 5, 2-year rebuilding threshold

AGENDA C-2(a)(6)
JUNE 2010

Total Present Value of 1* Wholesale Revenues Potential Foregone Revenue, Total Present Value and
Alternative | Buffer 2011-2016 ($Million) Percent Decrease, Relative to Alternative 1 Baseline,
r=0.0 r=2.7% r=7.0% r=0.0 r=2.7% r=7.0%
Alternative 1
(no action) 0.25 | 3274(785,9027) | 2640(656,7181) | 1931(504,4948) 0 0% 0 0% 0 0%
Alternative 2
(Tvm) 1| 3127(655,8835) | 2510(533,7038) | 1770(388,4876) 147 4% 130 5% 161 8%
Alternative 3 0.66 | 3205(706,8892) | 2544(564,7105) | 1833(425,4883) 69 2% 96 4% 98 5%
Alternative 3-
Option 2 0.86 | 3165(621,8979) | 2499(523,7085) | 1785(381,4812) 109 3% 141 5% 146 8%
Alternative 3-
Option 3 0.97 | 3133(662,8893) | 2502(532,7054) | 1748(387,4886) 141 4% 138 5% 183 9%
Alternative 4
(Tend) 0.25 | 3274(785.9027) | 2640(656,7181) § 1931(504,4948) 0 0% 0 0% 0 0%
Alternative 4-
Option 2 0.59 | 3208(712,8926) | 2553(588,7141) | 1840(447,4897) 66 2% 87 3% 91 5%
Alternative 4-
Option 3 0.79 | 3167(622,8932) | 2513(499,7120) | 1800(386,4845) 107 3% 127 5% 131 7%
Option 1 | 0.25 | 3274(785,9027) | 2640(656,7181) | 1931(504,4948) 0 0% 0 0% 0 0%
16
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AGENDA C-2(a)(6)
JUNE 2010

(i) Fifteen-year (2012-2026) Economic forecasts, using Stock Projection Model 1, 2-year rebuilding threshold

Total Present Value of 1* Wholesale Revenues

2011-2016 ($Million)

Potential Foregone Revenue, Total Present Value and
Percent Decrease, Relative to Alternative 1 Baseline,

Alternative | Buffer

r=<0.0 r=2.7% r=7.0% r=0.0 r=2.7% r=7.0%

Alternative 1
{no action) 0.25 | 3974(838,10434) | 3003(638,7821) | 2005(445,5001) 0 0% 0 0% 0 0%

Alternative 2
(Taan) 1 | 4033(735,10713) | 3006(543,8040) | 1914(354,5081) -59 -1% -3 0% 9] 5%
Alternative 3 0.38 | 4014(845,10634) { 3032(632,7926) | 1997(429,5082) -40 -1% -29 -1% 8 0%

Alternative 3-
Option 2 0.69 | 4050(779,10684) | 3022(587,7949) | 1978(393,5055) -76 2% -19 -1% 27 1%

Alternative 3-
Option 3 | 0.844 | 4055(744,10671) | 3016(562,7966) | 1944(367,5045) -81 -2% -13 0% 61 3%

Alternative 4
(Tend) 0.25 | 3974(838,10434) | 3003(638,7821) | 2005(445,5001) 0 0% 0 0% 0 0%

Alternative 4-
Option 2 0.61 | 4025(815,10674) | 3001(602,7923) | 1969(423,5084) -51 -1% 2 0% 36 2%

Alternative 4- .

Option 3 0.8 | 4054(758,10661) | 3003(569,7970) | 1943(376,5059) -80 -2% 0% 62 3%
Option 1 | 0.25 | 3974(838,10434) | 3003(638,7821) | 2005(445,5001) 0 0% 0% 0 0%
18




AGENDA C-2(a)(6)
JUNE 2010

(j) Fifteen-year (2012-2026) Economic forecasts, using Stock Projection Model 1, 1-year rebuilding threshold

Total Present Value of 1¥ Wholesale Revenues

2011-2016 ($Million)

Potential Foregone Revenue, Total Present Value
and Percent Decrease, Relative to Alternative 1

Alternative | Buffer Baseline,
r=0.0 =2.7% =7.0% r=0.0 r=2.7% r=7.0%
Alternative 1
(no action) 0.25 | 3974(838,10434) { 3003(638,7821) | 2005(445,5001) 0 0% 0 0% 0 0%
Alternative 2
(Tvmy) 1] 4033(735,10713) | 3006(543,8040) | 1914(354,5081) -59 -1% -3 0% 91 5%
Alternative 3 0.36 | 4007(847,10612) | 3021(635,7932) | 1981(433,5086) -33 -1% -18 -1% 24 1%
Alternative 3- :
Option 2 0.68 | 4053(780,10677) | 3021(588,7947) | 1981(396,5059) -79 2% -18 -1% 24 1%
Alternative 3-
Option 3 0.83 | 4053(749,10656) | 3019(565,7967) | 1944(370,5049) -79 2% -16 -1% 61 3%
Alternative 4
(Tend) 0.25 | 3974(838,10434) | 3003(638,7821) | 2005(445,5001) 0 0% 0 0% 0 0%
Alternative 4-
Option 2 0.59 | 4022(817,10686) | 2983(605,7919) | 1973(422,5062) -48 -1% 20 1% 32 2%
Alternative 4-
Option 3 0.79 | 4055(761,10662) { 3005(573,7972) | 1946(378,5034) -81 2% -2 0% 59 3%
Option 1 0.25 | 3974(838,10434) | 3003(638,7821) | 2005(445,5001) 0 0% 0 0% 0 0%

19




AGENDA C-2(a)(6)
JUNE 2010

(k) Fifteen-year (2012-2026) Economic forecasts, using Stock Projection Model 5, 2-year rebuilding threshold

Total Present Value of 1 Wholesale Revenues
2011-2016 ($Million)

Potential Foregone Revenue, Total Present Value
and Percent Decrease, Relative to Alternative 1

Alternative | Buffer Baseline,
r=0.0 r=2.7% r=7.0% =0.0 =2.7% r=7.0%
Alternative 1
(no action) 0.25 | 5291(1091,13978) | 4000(837,10416) | 2696(576,6815) 0 0% 0 0% 0 0%
Alternative 2
(Tv) 1]5313(1017,14153) | 3969(737,10688) | 2538(491,6834) -22 0% 31 1% 158 6%
Alternative 3 0.66 | 5304(1041,14064) | 4001(790,10481) | 2619(535,6838) -13 0% -1 0% 77 3%
Alternative 3- )
Option 2 0.86 | 5273(1011,14024) | 3959(748,10592) | 2584(495,6846) 18 0% 41 1% 112 4%
Alternative 3-
Option 3 0.97 | 5304(1014,14178) | 3960(732,10687) | 2555(481,6838) -13 0% 40 1% 141 5%
Alternative 4
(Tend) 0.25 ] 5291(1091,13978) | 4000(837,10416) | 2696(576,6815) 0 0% 0 0% 0 0%
Alternative 4-
Option 2 0.59 | 5310(1059,14035) | 4000(817,10454) | 2644(547,6830) -19 0% 0 0% 52 2%
Alternative 4-
Option 3 0.79 | 5285(998,14017) | 3971 (760, 10570) | 2593(508,6808) 6 0% 29 1% 103 4%
Option 1 0.25 | 5291(1091,13978) | 4000(837,10416) | 2696(576,6815) 0 0% 0 0% 0 0%
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AGENDA C-2(a)(6)
JUNE 2010

(1) Fifteen-year (2012-2026) Economic forecasts, using Stock Projection Model 35, 1-year rebuilding threshold

Total Present Value of 1* Wholesale Revenues
2011-2016 ($Million)

Potential Foregone Revenue, Total Present Value
and Percent Decrease, Relative to Alternative 1

Alternative | Buffer Baseline,
r=0.0 r=2.7% r=7.0% r=0.0 =2.7% r=7.0%
Alternative 1
(no action) 0.25 ] 5291(1091,13978) | 4000(837,10416) | 2696(576,6815) 0 0% 0 0% 0 0%
Alternative 2
(Tvmy) 115313(1017,14153) | 3969(737,10688) | 2538(491,6834) =22 0% 31 1% 158 6%
Alternative 3 0.58 | 5289(1068,14036) | 3999(819,10448) | 2647(550,6831) 2 0% 1 0% 49 2%
Alternative 3-
Option 2 0.85 | 5271(1014,14019) | 3956(751,10597) | 2579(497,6847) 20 0% 44 1% 117 4%
Alternative 3-
Option 3 0.97 | 5304(1014,14178) | 3960(732,10687) | 2555(481,6838) -13 0% 40 1% 141 5%
Alternative 4
(Tend) 0.25 | 5291(1091,13978) | 4000(837,10416) | 2696(576,6815) 0 0% 0 0% 0 0%
Alternative 4-
Option 2 0.53 ] 5296(1076,14018) | 3996(819,10443) | 2654(555,6825) -5 0% 4 0% 42 2%
Alternative 4-
Option 3 0.78 | 5287(1007,14024) | 3979(764,10566) | 2587(510,6810) 4 0% 21 1% 109 4%
Option 1 0.25] 5291(1091,13978) | 4000(837,10416) | 2696(576,6815) 0 0% 0 0% 0 0%
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AGENDA C-2(a)(6)
JUNE 2010

Forecast TPV Foregone 2012-2016
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Figure 1: Five-, ten, and fifteen-year forecasts of potential foregone revenue under snow crab rebuilding -~
alternatives. Results are from Model 1, 2-year rebuilding scenario. o
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Figure 2: Comparison of rebuilding alternative economic impacts for alternative model specifications and
rebuilding thresholds, five- ten, and 15-year results.
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Bering Sea Tanner Crab ACL Alternatives Supplemental Economic Analysis
B. Garber-Yonts
Alaska Fisheries Science Center
Seattle, WA
June 2, 2010

This document presents summary results from economic forecast analysis of Bering Sea Tanner crab ACL
alternatives presented in the Environmental Assessment Initial Draft, prepared for the June, 2010 North
Pacific Fishery Management Council and other supplementary documents.

Economic implications of ACL alternatives are presented in terms of the forecasted first wholesale revenue
associated with stock projection model directed catch forecasts. All results presented below are based on
directed catch forecasts produced using the default level of additional uncertainty for Tier3 crab stocks
(045=0.4). Catch projections are combined with probabilistic price forecasts produced using an econometric
time series model of prices in the Alaska king and snow crab fisheries and in the domestic crab import
market, as detailed in Chapter 3 of the Draft EA. Due to limited availability of Tanner crab price data in
sufficiently long time series, no price forecasting model is possible for Tanner crab using the methods
employed for other stocks that have more consistently supported directed fisheries over the last 20 years. As
a proxy method for forecasting revenue in the Tanner crab fishery, an adjustment to the snow crab price
model was employed to generate probabilistic price forecasts for Tanner crab. As described in Chapter 3 of
the Draft EA, the snow crab price forecast was adjusted by the mean ratio of Tanner crab first wholesale
price to snow crab first wholesale price over the period 2006-2009 (=1.15).

ACL Alternatives

The medium term (2009-2014) economic impacts of ACL fixed buffer and P* alternatives are summarized
in Tables 1 a-b. As noted in the EA, increasing the size of the buffer (i.e., decreasing multiplier from 1.0 to
0.1) produces a lower probability of overfishing at the cost of substantially lower annual catches,
particularly during earlier years. This translates into lower gross earnings in the fishery in the medium term.
Tables | (a) and (b) present the median and 90% confidence intervals for present value of total annual
revenues produced from the annual directed catch projected for the ACL alternatives over the period 2009-
2014, and the comparative economic effects of alternatives in foregone revenue relative to a baseline
scenario of zero buffer. Results are shown for scenarios that apply the SOA control rule as an upper bound
on TAC (Table 1 (a)), and scenarios without the SOA control rule (Table 1 (b)). Results of economic
comparisons between ACL alternatives resulting from catch projections constrained by the SOA control
rule indicate potential foregone mid-term revenues in the snow crab fishery range from $4.4 million present
value (r=2.6%) at the 0.1 buffer level, to $94 million present value at the 0.9 buffer level, representing a
range of 5% to 95% reduction relative to the baseline alternative. The same range of fixed buffer
alternatives depicted in Table | (b) without the effect of the SOA control rule range from 7% to 96%
reduction from baseline revenue. Note that the SOA control rule remains in effect as the protocol for TAC-
setting, however, the potential foregone revenues that could result from the ACL alternatives would
increase substantially relative to a baseline scenario of zero buffer, with the ABC as the binding constraint
on TAC rather than the SOA control rule. Note that this “baseline” does not represent the status quo
alternative, but is intended to provide a representation of the effects of ACL alternatives under potential
future decision-making scenarios where the SOA control rule is no longer binding. It should be noted that
this comparison does not indicate that costs of ACL’s would be higher in the event that the SOA rule was
not applied, rather that the SOA rule effectively represents a buffer in itself, and results in foregone catch
and revenues relative to the least conservative ACL alternatives under consideration.
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Economic results of ACL alternatives over the long term (2009-2038) are represented in Table 2
(a) and (b). Results of economic comparisons between ACL alternatives resulting from catch
projections constrained by the SOA control rule indicate potential foregone long-term revenues in
the snow crab fishery range from $24 million present value (r=2.6%) at the 0.1 buffer level, to $1.2
billion present value at the 0.9 buffer level. The same range of fixed buffer alternatives depicted in
Table 1 (b) without the effect of the SOA control rule range from $38 million present value
(r=2.6%) at the 0.1 buffer level, to $1.3 billion present value at the 0.9 buffer level.

It is important to note the large range of uncertainty in the revenue figures, particularly over the
long range. The figures described above represent median values in a broad distribution of
potential outcomes, and should not be interpreted as predicted values for purposes other than to
support a comparative evaluation of the ACL alternatives, and the proportional description of
potential changes from baseline alternatives are likely more illustrative in this regard. It should
also be noted that the relative economic effects of the ACLs are not qualitatively different between
the mid- and long-term, nor do alternative discount rates appreciably change the relative ranking of
alternatives in terms of economic outcomes. This is largely due to the effect of the constancy of the
buffer in the model projections, in both the buffer and P* scenarios. With fixed buffers, which are
not responsive to changes in the stock status, there is little change in the timing of harvest over the
period of analysis. That is, none of the alternatives under consideration implement different buffers
over time according to stock conditions, and thus the timing of relative economic benefits from the
fishery across the time horizon are not appreciably different under the alternatives analyzed.
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(a): Summary of medium-term economic impacts of a subset of the ACL alternatives relative to baseline alternative for Eastern Bering
Sea Tanner crab. Economic impacts are estimated as discounted present value of forecasted gross first wholesale revenues over the five

year period 2009-2014, and differences in revenues relative to status-quo baseline, incorporating effects of additional uncertainty, o,.
Point estimates are medians and ranges are 90% confidence intervals.

(a) Results reflect the effect of the SOA control rule as a constraint.

Difference in Gross Revenue Relative to Baseline
Present Value of Total Revenue, 2009-2014 Alternative,
($ Million) (% Million)
Multiplier=1, o, =04
Multiplier

Oy  Level =0 r=2.7% r=7.0% =0 r=2.7% r=7.0% % Change
04 1 104.5(19.8,229.9) 97.9(17.6,213.4) 89.1(154,194.7) 0 ) 0 0%
0.4 09 100.1(18.7,220) 93.5(17.6,205.7) 84.7(14.3,184.8) 44 44 4.4 5%
04 0.8 94.6(17.6,207.9) 88(16.5,194.7) 79.2(14.3,176) 9.9 9.9 99 11%
04 0.7 85.8(15.4,193.6) 80.3(14.3,180.4) 73.7(13.2,162.8) 18.7 17.6 154 17%
0.4 0.6 75.9(14.3,176) 71.5(13.2,165) 64.9(12.1,149.6) 28.6 26.4 242 27%
0.4 0.5 64.9(12.1,156.2) 60.5(11,145.2) 55(9.9,133.1) 39.6 374 34.1 38%
0.4 04 51.7(9.9,134.2) 48.4(8.8,124.3) 44(8.8,112.2) 52.8 49.5 45.1 51%
0.4 0.3 37.4(6.6,104.5) 35.2(6.6,97.9) 31.9(5.5,86.9) 67.1 62.7 57.2 64%
04 02 18.7(4.4,68.2) 17.6(4.4,63.8) 16.5(4.4,57.2) 85.8 80.3 72.6 81%
04 0.1 4.4(2.2,19.8) 4.4(2.2,18.7) 4.4(2.2,16.5) 100.1 93.5 84.7 95%
O, P* Level r=0 =2.7% r=7.0% r=0 r=2.7% r=7.0% % Change
04 0.4 103.4(19.8,225.5) 95.7(17.6,211.2) 86.9(14.3,191.4) 1.1 22 22 2%
04 0.35 100.1(19.8,221.1) 93.5(17.6,206.8) 84.7(14.3,185.9) 4.4 4.4 44 5%
04 0.3 96.8(18.7,214.5) 91.3(17.6,201.3) 81.4(14.3,181.5) 7.7 6.6 7.7 9%
0.4 0.25 93.5(17.6,206.8) 88(16.5,193.6) 79.2(14.3,174.9) 11 9.9 9.9 11%
04 02 89.1(16.5,199.1) 83.6(15.4,187) 75.9(13.2,168.3) 154 14.3 13.2 15%
04 0.15 83.6(15.4,189.2) 78.1(14.3,177.1) 71.5(13.2,160.6) 20.9 19.8 17.6 20%
0.4 0.1 77(14.3,177.1) 71.5(13.2,166.1) 64.9(12.1,150.7) 27.5 26.4 24.2 27%
0.4 0.05 66(12.1,158.4) 62.7(12.1,148.5) 57.2(9.9,135.3) 38.5 35.2 319 36%




(b): Results are exclusive of SOA control rule effect.
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Difference in Gross Revenue Relative to Baseline

Present Value of Total Revenue, 2009-2014 Alternative,
($ Miltion) ($ Million)
Multiplier=1, o, =0.4
Multiplier
9,  Level r=0 =2.7% =7.0% r=0 r=2.7% =7.0% % Change
0.4 1 117.7(39.6232.1)  110(36.3,217.8) 99(34.1,198) 0 0 0 0%
0.4 09 1089(352,221.1)  102.3(33,207.9) 92.4(30.8,188.1) 8.8 7.7 6.6 7%
0.4 0.8 100.1(30.8207.9)  93.5(29.7,195.8) 84.7(27.5,177.1) 17.6 16.5 14.3 14%
0.4 07 90.2(26.4,193.6) 84.7(25.3,181.5) 75.9(23.1,163.9) 275 253 23.1 23%
0.4 0.6 79.2(22,177.1) 73.7(20.9,165) 67.1(18.7,151.8) 38.5 36.3 319 32%
0.4 0.5 67.1(17.6,156.2) 61.6(16.5,145.2) 56.1(15.4,134.2) 50.6 48.4 429 43%
0.4 04 52.8(132,1342) 49.5(12.1,124.3) 45.1(12.1,112.2) 64.9 60.5 53.9 54%
0.4 03 37.4(7.7,104.5) 35.2(7.7,97.9) 31.9(7.7,86.9) 80.3 748 67.1 68%
0.4 02 18.7(4.4,682) 17.6(4.4,63.8) 16.5(4.4,57.2) 99 92.4 82.5 83%
0.4 0.1 4.4(22,19.8) 4.4(22,18.7) 4.4(2.2,16.5) 1133 105.6 94.6 96%
9, P* Level =0 r=2.7% r=7.0% r=0 r=2.7% r=7.0% % Change
0.4 0.4 1144(385228.8)  106.7(352.2145)  96.8(33,194.7) 33 33 22 2%
0.4 035 110(36.3,222.2) 103.4(34.1,209) 93.5(30.8,189.2) 7.7 6.6 5.5 6%
0.4 03 104.534.1,2145)  97.9(30.8,201.3) 89.1(28.6,183.7) 132 12.1 9.9 10%
0.4 025 100.1(30.8,206.8)  93.5(29.7,194.7) 83.6(26.4,177.1) 17.6 16.5 15.4 16%
0.4 02 94.6(28.6,199.1) 88(26.4,187) 79.2(24.2,169.4) 23.1 22 19.8 20%
0.4 0.15 88(26.4,190.3) 81.4(24.2,177.1) 73.7(22,160.6) 29.7 286 253 26%
0.4 0.1 79.2(23.1,177.1) 74.8(20.9,166.1) 67.1(19.8,151.8) 38.5 35.2 319 32%
0.4 0.05 68.2(17.6,158.4) 63.8(17.6,148.5) 57.2(16.5,136.4) 49.5 462 413 42%
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Summary of long-term economic impacts of a subset of the ACL alternatives relative to baseline alternative for Eastern Bering Sea
Tanner crab. Economic impacts are estimated as discounted present value of forecasted gross first wholesale revenues over the five year

period 2009-2014, and differences in revenues relative to status-quo baseline, incorporating effects of additional uncertainty, o, . Point

estimates are medians and ranges are 90% confidence intervals.
(a) Results reflect the effect of the SOA control rule as a constraint.

Difference in Gross Revenue Relative to Baseline

Present Value of Total Revenue, 2009-2014 Alternative,
($ Million) ($ Million)
Multiplier=1, o, =0.4
Multiplier .
9  Level =0 =2.7% r=7.0% r=0 r=2.7% r=7.0% % Change
0.4 1 2281(366,6002) 1398(226,3592) 704(135,1775) 0 0 0 0%
0.4 0.9 2257(354,5978) 1374(222,3574) 691(132,1738) 24 24 13 2%
0.4 0.8 2221(344,5900) 1346(216,3507) 675(128,1700) 60 52 29 4%
0.4 0.7 2151(327,5800) 1299(210,3443) 654(122,1654) 130 99 50 7%
0.4 0.6 2071(311,5636) 1242(202,3301) 622(115,1577) 210 156 82 12%
0.4 0.5 1937(300,5325) 1170(187,3092) 572(104,1467) 344 228 132 19%
0.4 0.4 1734(275,4822) 1051(165,2795) 509(88,1328) 547 347 195 28%
0.4 0.3 1444(227,4058) 872(137,2342) 414(69,1121) 837 526 290 41%
0.4 02 1017(152,2897) 608(90,1641) 282(46,767) 1264 790 422 60%
0.4 0.1 378(51,1101) 223(30,621) 101(15,286) 1903 1175 603 86%
O P* Level =0 r=2.7% r=1.0% r=0 r=2.7% r=7.0% % Change
0.4 04 2276(362,6005) 1391(224,3587) 701(134,1762) 5 7 3 0%
0.4 035 2261(355,5986) 1377(223,3577) 694(132,1742) 20 21 10 1%
0.4 0.3 2240(347,5926) 1363(219,3546) 684(130,1716) 41 35 20 3%
0.4 025 2217(343,5894) 1344(215,3504) 674(127,1698) 64 54 30 4%
0.4 02 2179(333,5840) 1316(213,3473) 663(125,1677) 102 82 41 6%
0.4 0.15 2134(326,5775) 1287(208,3411) 647(121,1642) 147 111 57 8%
0.4 0.1 2075(312,5641) 1245(202,3308) 623(115,1580) 206 153 81 12%
0.4 0.05 _1960(301,5383) 580(106,1484) 321 216 124 18%

1182(190,3126)



(b): Results are exclusive of SOA control rule effect.
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Difference in Gross Revenue Relative to Baseline

Present Value of Total Revenue, 2009-2014 Alternative,
($ Million) ($ Mllhon)
Multiplier=1, o, =0.4
Multiplier
Oy Level r=0 r=2.7% r=7.0% r=0 r=2.7% r=7.0% % Change
0.4 | 2504(428,6798) 1536(278,4039) 768(160,1934) 0 0 0 0%
0.4 0.9 2446(420,6656) 1498(269,3955) 743(153,1863) 58 38 25 3%
0.4 0.8 2392(391,6463) 1454(253,3850) 715(143,1779) 112 82 53 %
0.4 0.7 2311(360,6206) 1393(238,3702) 681(132,1723) 193 143 87 11%
0.4 0.6 2183(341,5858) 1312(224,3498) 639(117,1648) 321 224 129 17%
0.4 0.5 2015(314,5531) 1203(203,3246) 586(102,1514) 439 333 182 24%
0.4 04 1778(277,4832) 1070(175,2858) 512(87,1350) 726 466 256 33%
0.4 03 1455(229,4064) 875(137,2349) 415(69,1132) 1049 661 353 46%
0.4 02 1016(152,2897) 610(90,1640) 283(47,767) 1488 926 435 63%
0.4 0.1 378(51,1101) 223(30,621) 101(15,286) 2126 1313 667 87%
O P* Level r=0 r=2.7% r=7.0% r=0 r=2.7% r=7.0% % Change
0.4 04 2484(425,6751) 1523(275,4010) 759(158,1907) 20 13 9 1%
0.4 0.35 2454(421,6676) 1502(270,3966) 746(154,1871) 50 34 22 3%
0.4 0.3 2427(407,6565) 1475(263,3905) 729(148,1824) 77 61 39 5%
0.4 025 2387(389,6448) 1451(251,3840) 713(142,1774) 117 85 55 %
0.4 0.2 2349(370,6313) 1420(242,3768) 695(137,1745) 155 116 73 10%
0.4 0.15 2283(357,6139) 1376(235,3666) 673(129,1709) 221 160 95 12%
0.4 0.1 2191(342,5876) 1316(225,3505) 642(118,1652) 313 220 126 16%
0.4 0.05  2039(318,5599) 1220(206,3276) 593(104,1537) 465 316 175 23%
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Crab Plan Team Report
The Crab Plan Team (CPT) met May 10-14, 2010 in Girdwood, AK.

Crab Plan Team members present:

Forrest Bowers, Chair (ADF&G)

Ginny Eckert, Vice-Chair (Univ. of Alaska — Fairbanks)
Bill Bechtol (Univ. of Alaska — Fairbanks)
Karla Bush (ADF&G - Juneau)

Wayne Donaldson (ADF&G - Kodiak)

Brian Garber-Yonts (NOAA Fisheries — AFSC Seattle)
Josh Greenberg (Univ, of Alaska — Fairbanks)
Gretchen Harrington (NOAA Fisheries — Juneau)
Doug Pengilly (ADF&G - Kodiak)

André Punt (Univ, of Washington)

Jack Turnock (NOAA Fisheries/AFSC — Seattle)
Lou Rugolo (NOAA Fisheries /AFSC - Kodiak)
Shareef Siddeek (ADF&G - Juneau)

Diana Stram (NPFMC(C) ‘

Bob Foy (NOAA Fisheries /AFSC - Kodiak) was absent.

Members of the public and State of Alaska (State), Federal Agency, and Council staff present for all or
part of the meeting included: Jack Tagart, Lenny Herzog, Ami Thomson, John Olson, Matt Eagleton,
Diana Evans, Sarah Melton, Ed Poulson, Doug Woodby, Jie Zheng, Richard Tuluk, Maura Sullivan, Skip
Gish, Earl Krygier, Sarah Hinkley, Anne Vanderhoeven, Stew Grant, Charlie Lean, Bob Clark, Heather
McCarty, Toshihide Hamazaki, Linda Kozak, Dick Powell, and Dick Tremaine.

The attached agenda was approved for the meeting.

EFH/HAPC update

Diana Evans and Matt Eagleton updated the team on the Council action on EFH and HAPC at the April
Council meeting. The Council initiated a discussion paper to look at the Team’s March 2010
recommendations with respect to crab EFH and potential HAPC priorities. The paper, as outlined, will
address four topics: a) re-evaluating the methodology used for assessing adverse impacts of fishing on
crab EFH, in order to capture all appropriate habitat parameters for crab (including pelagic habitat), b)
identifying the habitat needs of crab stocks by life history stage, and re-evaluating the conclusions in the
EFH EIS and FMP about the effects of fishing on those life history stages (including additional
information about the thresholds used to identify “minimal and temporary” effects in the EIS); ¢)
information about habitat usage of red king crab and the potential for adverse interactions in southwest
Bristol Bay, where there has recently been an increase both in the red king crab population and in
trawling activities; and d) information about changes in crab spatial distribution (especially for red king
crab) in recent years, to determine whether the Council’s existing area closure protection measures are
still appropriate (this latter topic was added at the request of the Council). It was noted that the discussion
paper should allow the Team to identify important research priorities for crab habitat. The discussion
paper is tentatively scheduled to be presented to the Council in December 2010.

The Team identified that it is important to continue to provide input to the Council on this issue, and will
attempt to schedule a review of the draft paper for the September 2010 Plan Team meeting. The Team
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agreed with the outline of the discussion paper, as presented. The Team noted the importance that this
discussion paper reiterate the Team’s concern over habitat of red king crab in southwest Bristol Bay.
There may also be bycatch interactions, but those are being addressed separately through the Team’s
bycatch discussions, and this paper should specifically focus on the interaction of the fisheries with crab
habitat.

Pribilof Island blue king crab rebuilding plan

Diana Stram updated the Team on the status of the PIBKC rebuilding plan. The Team would like to
review the initial review draft at its September 2010 meeting. This review would focus on identification
of a preferred alternative for rebuilding the stock and for the analytical approach to be used for analysis.
In addition to the current alternatives, the Team requests that analysts consider a stair-step cap closure in
the suite of area-closure alternatives (i.e., where the trigger cap is stair-stepped to close progressively
larger areas at different cap levels).

Paper presentations

“Patterns of larval snow crab transport in the Bering Sea, and its relation to temperature, cod
predation, ice, and recruitment”

Sarah Hinckley provided a summary of work done by her and her colleagues (David Armstrong, Carolina
Parada, Julian Burgos, Billy Emst, Jose Maria (Lobo) Orensanz, Jeff Napp, Albert Hermann, Gordon
Kruse, Bernard Megrey) on patterns of snow crab recruitment as a function of larval transport,
temperature, ice cover, and cod predation. They created an individual based model (IBM) that uses input
from 1978-2003 on female reproductive index, a ROMS oceanographic model, bottom temperatures
during NMFS surveys, ice cover, chlorophyll-a from the ice-edge bloom, a cod predation index and
outputs larval settlement and recruitment patterns. The results suggest that warm and cold years have
different larval trajectories and different optimal settlement areas. In cold years, optimal settlement areas
occur over a broader segment of the BS, whereas in warm areas, these areas are restricted in size and are
farther to the northwest. Retention of crab larvae is seen in all years in areas off the Pribilofs and St.
Matthew Islands. Larval transport is always to the north, outside of these retention areas; larvae are
transported farther north in warm years. The parameters that were included in the best fit multiple
regression model of the model output with recruitment from the snow crab stock assessment (lagged
several years) included proportion settling in the EBS, spawning location, settlement location, mean
bottom temperature at settlement, mean cod CPUE years 3 after settlement (an index of cod predation),
and mean chlorophyll-a (a proxy for prey near ice-edge blooms).

This modeling project is largely completed, and the authors are willing to provide the model and model
output to others that may be interested in using it for further research or management purposes. CPT
offered comments that the Hinckley et al. model could use more recent data for model validation
purposes. Improvements on how to link the Hinckley et al. model with the stock assessment were
suggested (merge covariates from IBM directly into the assessment or account for the variance-
covariance structure of the recruitment estimates from the assessment when fitting the GAMs model).
Sarah acknowledged that the model needs to be validated with field observations on larval and newly
settled crab distributions, although some of this work has been done, and shows quite good results (not
shown). After validation, the model could have potential uses for rebuilding analyses, projecting pre-
recruits, identifying important spawning areas, analyzing impacts of fishing, and others. The CPT
acknowledged the large contribution of this body of work to our understanding of the dynamics of snow
crab in the Bering Sea and thanked Sarah for her presentation.

“Analysis of minimum size limit for Eastern Bering Sea Tanner Crab fisheries”

Bill Bechtol provided a summary of an analysis of the potential impacts of a change in size limit for
Tanner crabs conducted by himself, Gordon Kruse, Joshua Greenberg, and Hans Geier. They examined
the effect of changing size limits for male Tanner crabs to sizes ranging from 115-150 mm CW (5 mm

6/3/2010 2



May 2010 draft Crab Plan Team Report

bins) for catch and discard mortality using historical TACs, yield-per-recruit, and SSB—per-recruit.
Results suggest that changing the size limit is projected to have no effect on how mature female biomass
is used when setting harvest levels, but would increase the abundance of legal males (because the
definition of legal crabs would change), decrease the average weight of legal males, and result in fewer
pot pulls in the directed fishery with resultant decreases in discard mortality. An economic analysis
suggests that the fishery is not economically profitable currently, and that inconsistency in product
availability has damaged market demand and the premium price previously garnered for Tanner crab.
Stew Grant reported that the previously published genetic analysis suggesting genetic differentiation
between the Eastern and Western region are not supported with a reanalysis of the data using modern
analytical techniques. However, the power to detect population structure using this allozyme data set was
low. Additional genetic markers are available and may be used in the future to evaluate genetic stock
structure for EBS Tanner crab.

The proportion of the population that is reproducing, percent mature, is well above 80% at the current size
limit. The percent mature at different sizes has varied over time and geographic areas. For example,
greater than 75% of males are mature at 115 mm CW in the Western region, but the size at which 50% are
mature is approximately >138 mm CW (the current size limit) in the Eastern region during the current
low productivity period. Decreasing the size limit would cause a reduction in SSB-per-recruit, especially
for the Eastern region. This analysis only examined bycatch mortality from the directed fishery, and
assumes discard mortality in other fisheries would not change with this size limit change. Bycatch differs
in the two regions. Further analysis is required to include this non-directed bycatch mortality.

Ecosystem Considerations

The CPT appreciates the efforts of the analysts in drafting this chapter as an important annual contribution
to the SAFE report. The CPT agreed that the ecosystem considerations sections in each of the SAFE
chapters be moved from the chapters and incorporated into the new ecosystem considerations chapter.
Each stock assessment author should remove the ecosystem section of their chapter and provide it to Liz
Chilton for incorporation into the ecosystem consideration chapter. Once completed, this chapter should
be organized to facilitate finding ecosystem considerations for each stock (in the ecosystem status
indicators section of the chapter). A summary of ecosystem concerns should eventually be included in
the SAFE Introduction. The ecosystem chapter would be prepared by NMFS biologists and reviewed by
CPT. Some suggestions for inclusion in the final chapter for September 2010 include identification of
possible management-related reference points for the ecosystem indicators. Fishery impacts on the
ecosystem though directed and bycatch mortality are addressed in the SAFE chapters and so do not need
to be included here.

Stock Assessment Review:

The team made final OFL recommendations for four stocks at this meeting: AIGKC, PIGKC, NSRKC
and Adak RKC. The team noted that authors must compile final total catch information from the previous
season for the September 2010 meeting to complete the status determination (overfishing determination)
aspect of the final SAFE report at that time even though the assessments for these stocks will not be
updated for the final SAFE report in September 2010. This information will be included in the SAFE
introduction in September.

Tier determination and model recommendations are made for the assessments for the remaining six
stocks, to be completed for the final assessment in September 2010. These recommendations are
contained in the SAFE Introduction. Additional discussion and recommendations by stock are listed
below.
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General

Some assessments provided results in metric tons. The CPT recommendation to use metric tons refers
only to the ACL analysis and traditional assessment currencies (1bs) should continue to be used in stock
assessments.

The team requested that all assessments explain how the groundfish bycatch data are used in the
assessment and that all assessment chapters should be consistent in distinguishing and separately
presenting groundfish bycatch from fixed gear fisheries and trawl gear fisheries.

Snow Crab

The CPT was briefed by Jack Turnock who presented the results of seven variants of the EBS snow crab
model. Six of these models included the survey data collected by the Bering Sea Fishery Research
Foundation (BSFRF) and the NMFS in 2009 in the likelihood function. A number of other changes were
made to the assessment based on the recommendations of the CPT and SSC at their May and September
2009 and April 2010 meetings. The fit of the model to the BSFRF length-frequency data was
considerably better in the current set of models than those presented to the CPT in April 2010. This is due
primarily to dropping the length-frequency data for animals smaller than 40 mm CW (as recommended by
the CPT in April). The assessment team did not consider all of the recommendations of the April 2010
meetings.

The CPT noted that the selectivity pattern for the NMFS survey suggests that fairly small animals are
fully selected to the gear. It noted that this contradicted the “Somerton selectivity curve”, at least for
males. Members discussed reasons why the model might suggest that selectivity for smaller animals was
fairly high, including that natural mortality for smaller animals was, in fact, (much) larger than that for
larger animals.

The CPT evaluated the six models when deciding on their recommended model (this model will be used
to evaluate stock status relative to the overfished threshold and to determine the OFL for 2010/11). Two
main views emerged within the CPT. One view considered that Model 1 (equivalent to the model
recommended in 2009) should be recommended for use as the basis for the 2010 assessment. This model
provides an adequate fit to the data and does not attempt to estimate growth and natural mortality,
parameters which may be confounded with selectivity. The members of the CPT who supported Model 1
also noted that the Canadian tagging data suggested that M was lower than 0.29yr" and that the estimate
of Q for females from Model 5 was 0.58, i.e. substantially below that for males. The second view
considered that Model 5 should be recommended for use as the basis for the 2010 assessment. This model
provides the best fit to the data and is selected as best among the six models using AIC. The estimate of
natural mortality and growth from model 5 are also not implausibly different from the values used in
earlier models. Those supporting Model 5 also noted that the extent of confounding between M and
selectivity in integrated models such as that for EBS snow crab is not as marked as would be the case for
models such as Virtual Population Analysis.

After much discussion, the majority of the CPT supported model § as the recommended model.

Bristol Bay red king crab:
See the introduction to the SAFE report for comments on this assessment. There were no additional
comments outside of these.

Tanner Crab:

Lou Rugolo summarized the Tanner crab assessment. The current analysis estimates a likely upper limit
on MMB at time of mating (final results depend on fishery performance). It is estimated from the 2009
survey that the stock was below the MSST at that time, and the catches during the 2009/10 fishery will
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further result in MMB at mating in 2010 being below MSST. A formal determination of the stock being
overfished will occur with the Fall 2010 assessment.

The CPT had the following recommendations for the authors:

Include CV’s with point estimates in the tables.
Determine whether “groundfish” discards are based on all groundfish fisheries or only trawl
fisheries.
Revise the text for OFL calculation (Eq. 3 and 4) to represent what was actually done.
Remove Appendix A as it came from a prior assessment.
Provide the September meeting with a summary of progress with the new model. The CPT may
recommend an additional CPT meeting may be necessary depending on progress and the
necessity of this model for the rebuilding plan.
Rebuilding plan considerations

o Review recommendations from April 2010 ACL workshop for components relevant to

the Tanner crab assessment.

o Consider alternatives that are similar to those in the snow crab rebuilding plan.
Consider an assessment model with different size limits for areas east and west of 166; do not
consider a spatial movement model due to the associated complexity and development time.

St. Matthew blue king crab:
No additional comments- see Crab SAFE introduction for CPT recommendations on this stock

Pribilof Island red king crab:

The CSA model was not presented to the CPT. This model will be presented in September 2010
with the intent of model approval in May 2011 for use in setting the 2011/12 OFL.

The assessment methodology remains unchanged from last year.

The ‘Total Crab @ survey’ column in Table 4 is incorrect and needs to be recalculated.
Confidence intervals are still missing from Tables 3 and 4. They must be provided in the
September assessment.

Equation 3 is the same as equation | and needs to be corrected for females.

Reorganize the chapter so that it is in standard format of text, tables, and figures.

Pribilof Islands blue king crab:

The CSA model was not presented to the CPT. This mode! will be presented in September 2010
with the intent of mode! approval in May 2011 for use in setting the 2011/12 OFL.

The ‘Total Crab @ survey’ column in Table 4 is incorrect and needs to be recalculated.

Equation 3 is the same as equation 1 and needs to be corrected for females.

Reorganize the chapter so that it is in standard format of text, tables, and figures.

A more complete analysis of spatial and temporal distributions of bycatch needs to be presented
in conjunction with the initial draft of the rebuilding plan.

All tables on page 1 should be updated for final assessment in September 2010.

Norton Sound red king crab:

Jie Zheng presented the Norton Sound red king crab assessment. Jie identified the SSC and CPT
recommendations regarding the 2009/10 assessment and the subsequent changes made in this year’s
assessment. Major changes include specification of M=0.18yr" and y=1.0. The CPT recommended that
the next iteration explain the derivation of weights on fishing effort data.
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